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Summary
Patellofemoral pain syndrome (PFPS) is defined as retropatellar or peripatellar pain
during activities which increase patellofemoral joint (PFJ) loading. It is one of the most
common lower extremity injuries in young adults, with incidence estimates reported
between 9 and 15% in active population such as athletes and military recruits. Pain and
symptoms as a result of PFPS often reduce function and activity participation in the
longer term, leading to significant personal, societal and economic burdens.

Although the source of pain is highly debated, the aetiology of PFPS is commonly
thought to be the result of altered or elevated lateral patellofemoral joint (PFJ) stress.
Factors leading to altered or elevated PFJ stress are thought to be multifactorial, with
various intrinsic (local, proximal and distal) and extrinsic (environment, footwear)
factors proposed. This multifactorial nature has lead to a large number of proposed
conservative and surgical intervention strategies. Commonly accepted gold standard
treatment for PFPS consists of a conservative physiotherapy program involving manual
therapy, PFJ taping and home exercise guidance.

In addition to physiotherapy intervention, the provision of foot orthoses is often
advocated based on a theoretical biomechanical rationale. It has previously been
proposed that elevated lateral PFJ stress in individuals with PFPS may result from
excessive foot pronation. It is thought that this will lead to increased tibial/femoral
internal rotation through the stance phase of gait and subsequent knee valgus; motions
which have been linked to elevated PFJ stress. Therefore, foot orthoses are often
prescribed to control foot pronation and prevent this chain of events from occurring.

The primary aim of this thesis was to evaluate the efficacy of foot orthoses in the
treatment of individuals with PFPS. The first step to achieving this was systematic
literature reviews pertaining to the theoretical rationale behind foot orthoses
prescription, and the biomechanical and clinical effects of foot orthoses in individuals
with PFPS. This review of the literature identified a paucity of previous prospective
evaluation of kinematic variables during gait associated with PFPS development.

Additionally, evaluation of kinematics associated with foot pronation in case-control
studies was limited to the rearfoot, and indicated the absence of differences in foot
pronation magnitude during gait in individuals with PFPS. However, level I evidence
for the prescription of prefabricated foot orthoses to individuals with PFPS was
identified.

Following the systematic literature reviews, a number of studies were completed in
relation to evaluating the efficacy of foot orthoses for individuals with PFPS. The first
of these studies involved case-control comparisons of both clinical foot and ankle
characteristics, and kinematic variables during walking. On clinical testing, individuals
with PFPS were found to possess a more pronated foot type and greater foot mobility
from subtalar joint neutral to relaxed stance when compared to a group of matched
asymptomatic controls. During walking, individuals with PFPS were found to
demonstrate earlier peak rearfoot eversion, but no difference in the magnitude of any
rearfoot or forefoot kinematic variables associated with pronation during walking, when
compared to asymptomatic controls. Additionally, the association of static foot
pronation with dynamic foot function during walking was limited to earlier peak
rearfoot eversion and greater peak forefoot abduction in individuals with PFPS.

In addition to case-control comparisons, the effects of prefabricated foot orthoses on
pain and function, and predictors of outcomes following prefabricated foot orthoses
prescription were also evaluated. With regard to pain and function, prefabricated foot
orthoses were able to significantly improve subjective and objective functional
performance over a 12 week period. Baseline variables found to be predictive of marked
improvement in individuals with PFPS included an immediate reduction in pain during
the completion of a single leg squat, wearing less supportive footwear, the presence of
mild pain, reduced weight-bearing ankle dorsiflexion range of motion, and greater peak
rearfoot eversion during walking.
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CHAPTER 1

Introduction
1.1 Background to the problem
Patellofemoral pain syndrome (PFPS) is defined as retropatellar or peripatellar pain
during activities which increase patellofemoral joint (PFJ) loading, particularly running,
squatting and stair negotiation [1]. PFPS is particularly prevalent in adolescents and
young adults [2-4], and is one of the most common injuries of the lower extremity [2].
One study reported that of 2519 presentations to a sports medicine clinic, 5.4% were
diagnosed with PFPS, accounting for around 25% of all knee injury presentations [2].
Although there has been no adequate evaluation of PFPS incidence in the general
population to date [5], incidence estimates between 9 and 15% have been reported in
active adult populations such as athletes and military recruits [3, 6-13].
Highlighting the significance of PFPS to health and medical practice are reports that
between 71 and 91% of individuals with PFPS continue to report recurring pain, up to
20 years after initial diagnosis [2, 14, 15]. As a result, ongoing treatment is often
required. One study has reported that 82% of individuals with PFPS who had previously
attended physiotherapy continued to use some form of treatment when followed up four
to 20 years later [15].
In addition to chronic pain, between 36 and 52% of individuals with PFPS are forced to
reduce physical activity levels in the longer term [2, 15, 16], with 23% of the sporting
population forced to cease participation altogether [2]. Not only is reduced physical
activity likely to impact on an individual’s quality of life, it can reduce their
occupational capacity [15] and may detrimentally affect their general health status [17].
Additional longer-term health implications are also indicated by recent prospective
research reporting links between chronic knee pain and osteoarthritis development later
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in life [18, 19]. Considering associated personal, societal and economic burdens,
understanding aetiology and developing optimal intervention strategies for PFPS is of
great importance.
Although the source of pain in individuals with PFPS remains highly debated [20], there
is common consensus amongst researchers and clinicians that PFPS develops from
elevated or altered lateral PFJ stress [20-23]. Altered PFJ stress is thought to be
influenced by a range of factors, both intrinsic and extrinsic [24]. Whilst extrinsic
factors are likely to alter the magnitude of load placed through the PFJ, intrinsic factors
are likely to alter the distribution of this load [24]. Extrinsic factors that may alter the
level of PFJ loading include body mass, environment (e.g. surfaces, slopes and stairs),
and footwear [24]. Intrinsic factors can be considered as local, proximal or distal [20].
Local intrinsic factors thought to contribute to PFPS development include bony
geometry (e.g. shallow trochlear groove) [25, 26], soft tissue tension [21], and
neuromuscular control of the vasti [12, 27-30]. Proximal and distal intrinsic factors
thought to contribute to PFPS development include weakness [31-35] and altered
function [36, 37] of hip musculature, excessive hip adduction [38, 39] and internal
rotation [6, 35, 40, 41], illiotibial band tightness [42-44], increased quadriceps (‘Q’)
angle [45], tibial rotation/sub-talar joint pronation [46], and reduced flexibility of lower
limb musculature [12, 34, 47, 48].
Due to the multitude of proposed contributing factors for PFPS development, a large
number of interventions have been advocated in the literature, both surgical [21] and
conservative [49]. Conservative treatment is widely considered to be the first line
approach for PFPS [21], and evidence indicates similar outcomes following completion
of a physiotherapist-guided home exercise program with or without arthroscopy [50]. A
number of conservative interventions have been described in the literature which
attempt to address proposed contributing factors. The best available evidence supports
the use of patellar taping [51, 52] and bracing [53, 54] to correct PFJ tracking; patellar
mobilisation to address soft tissue tightness [55, 56]; vastii retraining to enhance vastus
medialis function [27]; quadriceps and hip muscular strengthening exercise prescription
to optimise lower limb biomechanical control [1]; stretching exercises to restore lower
limb flexibility [45]; foot orthoses prescription to correct abnormal foot function [46,
54]; and pharmacotherapy, including non-steroidal anti-inflammatories [57]. With such
2

a large number of treatment options available, clinical decision making regarding the
best course of action is often difficult. However, the gold standard practice with support
from two high quality randomised controlled trials (RCTs) is the provision of a course
of physiotherapy [55, 56]. This course of treatment combines PFJ taping and
mobilisation, vasti retraining, and exercise provision to strengthen quadriceps and hip
musculature [55, 56].
One treatment option often advocated as an adjunct to and/or as an alternative for
physiotherapy and exercise rehabilitation is the prescription of foot orthoses [54].
Traditionally, foot orthoses have been advocated for PFPS based on theoretical papers
suggesting their ability to control excessive foot pronation in some individuals [46, 58].
Tiberio [46] provided a theoretical mechanism underpinning therapeutic foot orthoses
effects in individual with PFPS by describing how altered foot function during gait may
detrimentally affect the PFJ and lead to PFPS development. It was proposed that
excessive or prolonged foot pronation during the stance phase of gait would result in
greater tibial internal rotation. This would in turn delay or reduce the tibial external
rotation relative to the femur required to allow knee extension through late mid-stance.
To compensate, the hip (femur) would need to internally rotate to a greater degree,
thereby also increasing hip adduction and dynamic quadriceps angle [46]. These tibial
and femoral kinematic variations are thought to be detrimental to the PFJ due to the
associated reduced contact area and increased lateral PFJ compression [6, 40, 41].

1.2 Aims of the thesis
The aim of this thesis was to evaluate the efficacy of foot orthoses in individuals with
PFPS. Specifically, the project aimed to achieve the following:


Systematically review the literature pertaining to the theoretical rationale for
foot orthoses prescription



Systematically review the literature pertaining to the clinical and biomechanical
outcomes following foot orthoses prescription in individuals with PFPS
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Evaluate the validity of the theoretical rationale for foot orthoses prescription in
individuals with PFPS



Evaluate the effects of prefabricated foot orthoses on pain and function in
individuals with PFPS



Establish valid and reliable clinical tests which may assist clinical decision
making when considering foot orthoses prescription in individuals with PFPS



Establish clinically applicable measures able to predict prefabricated foot
orthoses outcomes in individuals with PFPS

1.3 Hypotheses
The following hypotheses were tested in this thesis:


That individuals with PFPS will possess a more pronated foot posture than a
healthy control population



That individuals with PFPS will possess greater magnitudes of foot pronation
during gait than a healthy control population



That foot orthoses significantly reduce pain and improve function in individuals
with PFPS



That foot orthoses will be able to significantly improve objective functional
performance measures in individuals with PFPS



That a more pronated foot posture in individuals with PFPS will be associated
with a greater likelihood of clinical improvements following prefabricated foot
orthoses intervention.



That greater dynamic pronation during gait in individuals with PFPS will be
associated with a greater likelihood of clinical improvements following
prefabricated foot orthoses intervention



That dynamic foot function during gait will be more predictive of clinical
outcomes than static foot posture measurement when prescribing prefabricated
foot orthoses to individuals with PFPS
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That factors other than foot posture and function assessment will be predictive
of clinical improvements following prefabricated foot orthoses prescription to
individuals with PFPS including: (i) immediate improvements to functional
performance; and (ii) poorer quality footwear (i.e. footwear in which motion
control properties can be improved to a greater extent)
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CHAPTER 2

Literature review
This chapter comprises three systematic reviews. The three reviews aimed to (i)
establish the validity of the biomechanical rationale behind foot orthoses prescription;
(ii) evaluate whether there is sufficient evidence to support foot orthoses prescription;
and (iii) summarise and critique available clinical and biomechanical research related to
foot orthoses prescription when treating individuals with PFPS. At the end of this
chapter, findings from the three systematic reviews are summarised and used to
rationalise the further investigations presented in this thesis.
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2.1

Kinematic

gait

characteristics

associated

with

patellofemoral pain syndrome: a systematic review
The first systematic review evaluates gait-related kinematics associated with PFPS in
order to establish the validity of the biomechanical rationale behind foot orthoses
prescription in individuals with PFPS. Specifically, it was designed to: (i) summarise
and critique the body of literature addressing gait characteristics associated with PFPS;
and (ii) provide methodological recommendations for future research investigating gait
characteristics associated with PFPS.
This systematic review has been published as:
Barton CJ, Levinger P, Menz HB, Webster KE. Kinematic gait characteristics
associated with patellofemoral pain syndrome: a systematic review. Gait and Posture
2009;30:405-416.
Due to the difficulty in reading Figures 1 to 3 in the PDF of this publication, they have
been reproduced in the pages following the manuscript (see Section 2.1.1)
This systematic review was presented at an international conference:
Barton CJ, Levinger P, Menz HB, Webster KE. Kinematic gait characteristics
associated with patellofemoral pain syndrome: a systematic review. International
Patellofemoral Pain Retreat. May 2009, Baltimore, USA.
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Development of patellofemoral pain syndrome (PFPS) is considered to be multifactorial. The aims of this
systematic review were to (i) summarise and critique the body of literature addressing kinematic gait
characteristics associated with PFPS; and (ii) provide recommendations for future research addressing
kinematic gait characteristics associated with PFPS. A comprehensive search of MEDLINE, EMBASE,
CINAHL, and Current Contents revealed 561 citations for review. Each citation was assessed for inclusion
and quality using a modiﬁed version of the ‘Quality Index’ and a novel inclusion/exclusion criteria checklist
by two independent reviewers. A total of 24 studies were identiﬁed. No prospective studies with adequate
data to complete effect size calculations were found. Quality of included case–control studies varied, with a
number of methodological issues identiﬁed. Heterogeneity between studies made meta-analysis
inappropriate. Reductions in gait velocity were indicated during walking, ramp negotiation, and stair
negotiation in individuals with PFPS. Findings indicated delayed timing of peak rearfoot eversion and
increased rearfoot eversion at heel strike transient during walking; and delayed timing of peak rearfoot
eversion, increased rearfoot eversion at heel strike, reduced rearfoot eversion range, greater knee external
rotation at peak knee extension moment, and greater hip adduction during running in individuals with
PFPS. There is a clear need for prospective evaluation of kinematic gait characteristics in a PFPS population
to distinguish between cause and effect. Where possible, future PFPS case–control studies should consider
evaluating kinematics of the knee, hip and foot/ankle simultaneously with larger participant numbers.
Completing between sex comparisons when practical and considering spatiotemporal gait characteristics
during methodological design and data analysis is also recommended.
ß 2009 Elsevier B.V. All rights reserved.

Keywords:
Gait
Kinematics
Patellofemoral pain syndrome
Risk factors
Locomotion
Walking
Running

1. Introduction
Patellofemoral pain syndrome (PFPS) is one of the most
common musculoskeletal presentations to orthopaedic [1,2],
general practice [3], and sports medicine clinics [4–6]. The
condition is highly prevalent in adolescents and young adults
[7,8], and has been reported to be more common in females than
males [5,9,10]. Patellofemoral pain syndrome can be deﬁned as
anterior knee pain or retro-patellar pain in the absence of other
speciﬁc pathology [11]. The anatomical source of the pain remains
a highly debated issue but is commonly believed to be the result of
elevated lateral patellofemoral joint (PFJ) stress [2,7,8].
The aetiology of elevated lateral PFJ stress and subsequent PFPS
development is considered to be multifactorial. Many abnormal

* Corresponding author at: School of Physiotherapy, Faculty of Health Sciences, La
Trobe University, Bundoora, VIC 3086, Australia. Tel.: +61 417593112.
E-mail addresses: c.barton@latrobe.edu.au (C.J. Barton),
p.levinger@latrobe.edu.au (P. Levinger),
h.menz@latrobe.edu.au (H.B. Menz), k.webster@latrobe.edu.au (K.E. Webster).

kinematic gait characteristics have been hypothesised to contribute to pain development. At the knee joint, altered tibiofemoral
rotation and an increase in knee adduction during the stance phase
of gait have been proposed to result in lateral patellar tracking and
increase lateral PFJ compression [8,12,13]. These kinematic
differences could result from structural abnormalities [2], or
altered kinematics at the hip or foot and ankle [8,12]. Altered or
excessive foot pronation has been hypothesised to increase tibial
and femoral internal rotation and lead to greater adduction or
medial collapse of the knee [8,12]. Recent research has indicated
the presence of decreased hip muscle strength (abductors and
external rotators) in individuals with PFPS [1,14,15]. These ﬁndings
support the theory that increased hip internal rotation and
adduction during gait may be a risk factor for PFPS development
[8,12,16].
Knowledge of kinematic differences between individuals with
and without PFPS is important to health professionals and
researchers. This knowledge is needed to develop and optimise
valid treatment and prevention strategies for PFPS. A number of
research teams have evaluated kinematic variables in individuals
with and without PFPS. This has led to a large body of literature

0966-6362/$ – see front matter ß 2009 Elsevier B.V. All rights reserved.
doi:10.1016/j.gaitpost.2009.07.109
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using various research designs and methods of kinematic analysis
to test proposed hypotheses. Therefore, the aims of this systematic
review were to (i) summarise and critique the body of literature
addressing kinematic gait characteristics associated with PFPS;
and (ii) provide methodological recommendations for future
research investigating kinematic gait characteristics associated
with PFPS.
2. Methods
2.1. Inclusion and exclusion criteria
Prospective and case–control studies published in English evaluating kinematic
variables during walking, running, stair negotiation, and ramp negotiation in
individuals with PFPS were considered for inclusion. The inclusion criteria required
participants to be described as having: patellofemoral pain syndrome; retropatellar,
peripatellar, or patellofemoral pain; anterior knee pain; patella or patellofemoral
dysfunction; chondropathy; or chondromalacia patellae.
2.2. Search strategy
MEDLINE, EMBASE, CINAHL, and Current Contents electronic databases were
searched in May 2009. Searching was limited to the English language only to
minimise time and costs related to translation. A search strategy with key words
related to diagnosis was taken and modiﬁed from the Cochrane systematic
review on exercise therapy for PFPS [17]. To narrow the search, a number of key
words were applied to each database’s search tools to develop the most sensitive
and speciﬁc search strategy for that database. The following key words were
explored in each databases search tools; biomechanics, kinematics, motion, gait,
walking, locomotion, and running. The strategy and search results are outlined in
Table 1.
Following electronic searches, references of included publications were
examined, and a cited reference search in the Web of Science (Thomson ISI) for
each author of papers found in the electronic search was conducted. Unpublished
work was not sought in this review.
2.3. Review process
All titles and abstracts initially identiﬁed through the searches were downloaded
into Endnote version 9 (Thomson, Reuters, Carlsbad, CA), cross-referenced, and any
duplicate references deleted. Each title and abstract was evaluated for potential
inclusion by two independent reviewers. If sufﬁcient information was not
contained in the title and abstract to determine inclusion, it was retained until
the full text could be obtained for evaluation. Any discrepancies between the two

reviewers were resolved with a consensus meeting. If consensus could not be
reached, a third reviewer was consulted.
2.4. Methodological quality assessment
Two separate scales to assess the methodological quality of each included paper
were used. The ﬁrst scale involved selected components considered relevant to
assessing bias of non-randomised studies from the ‘Quality Index’ developed by
Downs and Black [18]. The original scale was reported to have good test–retest
(r = 0.88) and inter-rater (r = 0.75) reliability and high internal consistency (KR20 = 0.89) [18]. When broken into its subscales, the only aspect reported to possess
poor reliability were the items relating to external validity, with both poor internal
consistency (KR-20 = 0.54) and reliability (r = 0.37).
Due to this apparent weakness in assessing external validity, and the importance
of this quality aspect when pooling and summarising data on a clinical population, a
second scale to address external validity was developed (see Appendix A). This scale
was designed as a checklist to evaluate the ability of each included study to address
speciﬁc inclusion and exclusion criteria related to the PFPS diagnosis. Each point of
the checklist was developed from the consideration of deﬁnitions used in published
randomised controlled trials (RCTs) [9,10], textbook deﬁnitions [19], and
discussions between the reviewers.
Both scales were applied by two independent reviewers to each included study.
Any discrepancies between the two reviewers were discussed and attempts made
to resolve them via a consensus meeting. If consensus could not be reached, a third
reviewer was consulted. Inter-rater reliability of each item from both scales was
evaluated using kappa (k) and percentage agreement statistics and the inter-rater
reliability of the overall score from each scale was evaluated using intra-class
correlation coefﬁcients (ICCs) (model 2, 1), corresponding 95% conﬁdence intervals,
and percentage agreement statistics.
2.5. Data extraction and analysis
Means and standard deviations for spatiotemporal gait characteristics and
kinematic continuous data from each study were extracted to allow analysis of
effect sizes (with 95% conﬁdence intervals and signiﬁcance using two-tailed t tests
without Bonferroni correction). This was done to allow comparison between results
from different studies, and between different measurement approaches for similar
parameters. Effect sizes and their 95% conﬁdence intervals were then entered into
forest plots to allow easy visual comparison. Calculated effect sizes were also
categorised as small (0.59), medium (0.60–1.19), or large (1.20) [20]. If adequate
data were not available from original papers to complete effect size calculations (i.e.
group means and standard deviations), attempts were made via email and/or post
to contact the paper’s authors for additional data.
Sample sizes, participant demographics (age, sex, BMI, mass and height),
population sources, gait activities investigated, kinematic variables evaluated, and

Table 1
Search strategy and results from each included database.

1
2
3
4
5

6

7

8
9
10
11
12
13
14
15
16
17
18
19
20
21
a

Key words

MEDLINE

EMBASE

CINAHL

Current contents

Arthralgia/or pain.mp.
Knee joint/or knee/or patella/
1 and 2
Anterior knee pain.mp.
((patell$ or femoropatell$ or femoro-patell$ or retropatell$)
adj (pain or syndrome or dysfunction)).mp. [mp = title,
original title, abstract, name of substance word, subject heading word]
((lateral compression or lateral facet or lateral pressure or odd facet)
adj (pain or syndrome or dysfunction)).mp. [mp = title, original title,
abstract, name of substance word, subject heading word]
((chondromalac$ or chondropath$) adj (knee$ or patell$ or
femoropatell$ or femoro-patell$ or retropatell$)).mp. [mp = title,
original title, abstract, name of substance word, subject heading word]
or/3–7
3 or 8
Biomechanica
Kinematica
Motiona
Gaita
Walka
Locomotiona
Runa
Staira
Or/10–18
9 and 19
Limit 20 to English language and humans
21 not/letter, review, review article, book, or conference proceedings

281,574
37,810
5,119
503
768

23,660
9,454
1,439
527
1,138

54,296
4,354
1,280
189
522

140,569
0
0
582
1,188

8

17

4

17

249

830

52

418

1,292
6,092
199
22,026
183,345
12,848
17,191
14,963
9273
–
498,340
284
260
217

2,322
4,022
29,106
5,347
6,720
8,823
13,861
21,889
9,273
–
112,934
326
272
186

610
1,769
5,757
2,057
274
3,629
5,312
–
2,369
109
16,972
142
142
142

2,069
2,069
55,674
–
6,853
12,196
10,381
14,494
36,513
1,456
431,081
290
282
264

Key words explored in each database’s search tools.
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whether spatiotemporal gait characteristics were controlled (i.e. velocity, stride
length, and/or cadence) was also extracted from each included study to assist the
interpretation of included ﬁndings.

3. Results
3.1. Review selection and identiﬁcation
The initial search yielded 596 citations. Following application of
the inclusion/exclusion criteria to each citation’s title, abstract and
subsequent full text, and a consensus meeting between the two
reviewers, the number of citations was reduced to 24 [15,21–43].
Prior to consensus, reviewer one had failed to include one study
[36], and reviewer two had included one study which following
consensus was deemed not to meet the inclusion criteria. One
prospective study [41] was identiﬁed but this did not contain
adequate data to enable effect size calculations.
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3.3. Additional data
Additional data required for effect size calculations was
provided by authors for the following papers: Powers et al. [25–
27], Crossley et al. [37], Willson and Davis [33], and Souza and
Powers [21]. Adequate data were not available to complete effect
size calculations for any results from Dillon et al. [43], Anderson
and Herrington [42], Hetsroni et al. [41], Heiderscheit et al. [38]
and Bolgla et al. [15].
3.4. Methodological data to assist interpretation of results
Sample sizes and participant demographics (age, sex, BMI, mass
and height) from each study can be found in Table 4. Population
source, gait activities evaluated, variables evaluated, and whether
spatiotemporal gait characteristics were controlled for can be
found in Table 5.

3.2. Quality assessment scale validation and methodological quality

3.5. Summary of case–control ﬁndings

Total scores for both of the quality assessment scales, and a
breakdown for each individual item on all included papers along
with inter-rater reliability results can be found in Tables 2 and 3. The
inclusion and exclusion criteria checklist demonstrated at least
moderate inter-rater reliability for all individual items (k = 0.58–
1.00) [44], and excellent inter-rater reliability for the overall score
(ICC = 0.94) [45]. All individual items from the Downs and Black
‘Quality Index’ [18] demonstrated at least moderate reliability
(k = 0.40–1.00), with the exception of items 1, 2, 6 and 18. However,
these items demonstrated percentage agreements of between 85%
and 95%, indicating the presence of a high agreement—low kappa
paradox which can result if a low prevalence of some scores exists
[46]. The overall score from the Downs and Black ‘Quality Index’
demonstrated good inter-rater reliability (ICC = 0.86) [18].

3.5.1. Spatiotemporal gait characteristics
Although not all results were signiﬁcant, velocity, stride length,
and cadence during walking, stair negotiation and ramp negotiation tended to show a trend towards reduction in individuals with
PFPS (see Fig. 1A–C). The only signiﬁcant ﬁnding in regards to
running characteristics was an increase in support time (ST) [29] in
individuals with PFPS (see Fig. 1D).
3.5.2. Walking kinematics
Kinematic ﬁndings during walking can be found in Fig. 2. These
results indicated greater rearfoot eversion angle at heel strike
transient (HST) [24] and delayed timing of peak rearfoot eversion
(PREV-time) [30,39] but no difference in peak rearfoot eversion
(PREV) [30] or whole foot pronation (PWFpro) [27] in individuals

Table 2
Inclusion and exclusion criteria quality assessment scale results, and inter-rater reliability for each item and the total score.
Paper

Souza and Powers [21]
Brechter and Powers [22]
Brechter and Powers [23]
Levinger and Gilleard [24]
Powers et al. [25]
Powers et al. [26]
Powers et al. [27]
Dierks and Davis [28]
Duffey et al. [29]
Levinger and Gilleard [30]
Powers et al. [31]
Salisch et al. [32]
Willson and Davis [33]
Besier et al. [34]
Grenholm et al. [35]
Brindle et al. [36]
Crossley et al. [37]
Heiderscheit et al. [38]
Bolgla et al. [15]
Callaghan and Baltzopoulos [39]
Nadeau et al. [40]
Hetsroni et al. [41]
Anderson and Herrington [42]
Dillon et al. [43]
Reliability
%Aggreement

Inclusion items (1–3)

Exclusion items (4–7)

Total score

(1) Clear
deﬁnition
of location

(2) Insidious
onset unrelated
to trauma

(3) Symptoms
consistent with
diagnosis

(4) Previous
knee surgery

(5) Internal
derangement

(6) Ligamentous
instability

(7) Other
sources of
anterior
knee pain

1
1
1
1
1
1
1
1
1
1
1
1
1
1
0
0
1
0
0
0
1
1
0
0

1
1
1
1
1
1
1
1
0
0
0
1
1
0
1
1
1
0
1
1
1
1
0
0

1
1
1
1
1
1
1
1
1
1
1
1
1
1
0
1
1
1
1
0
0
0
1
0

1
1
1
1
1
1
1
0
1
1
1
1
0
1
1
0
0
1
1
1
1
0
0
0

1
1
1
1
1
1
1
1
1
1
1
1
1
0
1
1
0
1
0
0
0
0
0
0

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
0
1
0
1
0
0
0
0

1
1
1
1
1
1
1
1
1
1
1
0
0
1
1
0
1
0
0
0
0
0
0
0

0.58
85

0.88
95

1.00
100

0.89
95

1.00
100

0.88
95

0.70
85

7
7
7
7
7
7
7
6
6
6
6
6
5
5
5
4
4
4
3
3
3
2
1
0
0.94 (0.84–0.98)
70

10
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Table 3
Modiﬁed Downs and Black [18] quality index results, and inter-rater reliability for each item and the total score.

Reliability

0.00a

0.05a

1.00

0.43

0.00a

0.83

0.88

0.77

0.64

0.64

1.00

0.00a

0.86

%Agreement

95

90

100

85

95

95

95

95

95

95

100

85

95

(18) Appropriate statistics

(6) Main ﬁndings clearly described

(1) Clear aim/hypothesis

U
U
1
U
U
1
1
U
1
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U

1
1
1
U
1
U
U
1
0
0
U
U
1
0
U
0
U
U
1
U
U
U
U
U

U
0
1
1
U
0
0
U
U
1
1
1
0
U
U
U
U
U
U
U
0
U
U
U

Total

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

(25) Adjustment made for
confounding variables

1
1
1
1
1
1
1
1
1
1
1
1
0
1
1
1
1
1
1
1
1
1
1
1

(21) Appropriate case-control
matching

1
0
U
0
U
0
0
U
U
U
0
0
0
U
U
U
U
U
U
U
U
U
1
U

(20) Valid and reliable outcome
measures

1
1
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U

(16) Analysis completed was planned

1
1
0
1
1
U
U
0
0
0
U
U
1
0
0
0
0
0
0
U
0
U
0
U

(15) Blinding of outcome measurer

(12) Participants prepared to participate
representative of entire population

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
0
0
1
0
0

(10) Actual probability values reported

1
1
1
1
1
1
1
1
1
1
0
1
1
1
1
1
1
0
1
1
1
1
0
0

(7) Measures of random variability
provided

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

(5) Confounding variables described
1
1
1
1
1
2
2
1
1
1
2
1
1
1
1
1
1
1
0
1
1
1
1
1

(3) Patient characteristics clearly
described
0
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
0
1
1
0
0
0

P
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R

(2) Outcome measures clearly described
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
0

Prospective (P) or retrospective
(R) study

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

Hetsroni et al. [41]
Dierks and Davis [28]
Bolgla et al. [15]
Souza and Powers [21]
Duffey et al. [29]
Levinger and Gilleard [24]
Levinger and Gilleard [30]
Crossley et al. [37]
Powers et al. [27]
Salisch et al. [32]
Willson and Davis [33]
Besier et al. [34]
Grenholm et al. [35]
Powers et al. [25]
Powers et al. [31]
Brechter and Powers [23]
Heiderscheit et al. [38]
Brechter and Powers [22]
Brindle et al. [36]
Callaghan and Baltzopoulos [39]
Powers et al. [26]
Nadeau et al. [40]
Anderson and Herrington [42]
Dillon et al. [43]
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(11) Participants asked to participate
representative of entire population

Paper

12
12
12
11
11
11
11
10
10
10
10
10
10
9
9
9
9
8
8
8
8
8
7
5

0.40

0.69

70

90

0.86
(0.68 – 0.94)
30

For items 1–3, 6, 7, 10–12, 15, 16, 18, 20, 21, and 25—0: No, 1: Yes, U: unable to determine.
For item 5—0: No, 1: partially, 2: Yes.
a
High agreement—low kappa paradox.
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Table 4
Sample sizes and population characteristics from each included paper.
Paper

Sample size
PFPS
group

Control
group

Age range (mean age)

Male

Female

PFPS
group

Control group

PFPS

Control

19–38 (28)
Male: NR (30.5)
female: NR (28.7)
NR (24.5)
NR (38.2)
NR (38.2)
18–35 (NR)
NR (27)
40 (28^)
18–45 (24.1)
NR (NR)
NR (36.0)
NR (27.7)
19–36 (24)
NR (NR)
NR (36.3*)
NR (38.4*)
NR (28.4)
15–47 (25.4)
14–46 (25.6)
14–46 (24.4)
14–41 (26.5)
22–55 (36.5)
18–45 (27)
18–35 (23.3)

19–39 (29)
Male: NR (27.2)
female: NR (28.8)
NR (23.9)
NR (32.0)
NR (32.0)
18–35 (NR)
NR (23.5)
40 (35)
18–45 (22.7)
NR (NR)
NR (36.0)
NR (26.0)
21–38 (27)
NR (NR)
NR (25.1)
NR (25.1)
NR (25.5)
15–47 (27.6)
23–38 (27.5)
23–38 (27.5)
27–37 (31.5)
21–42 (31.9)
18–45 (26)
18–35 (23.7)

62.7, 166 (NR)
Male: 72.4, 178 (NR)
female: 62.7, 168 (NR)
63.1, 170 (NR)
70.8, 167.9 (NR)
70.8, 167.9 (NR)
NR, NR (NR)
61.5, NR (NR)
69.5, 170.0 (23.9)
65.8, 171 (NR)
NR, NR (NR)
69.5, 172.1 (23.3)
63, 167 (NR)
70.1*, 171.0 (NR)
NR, NR (NR)
64.9, 166.1 (NR)
70.6, 166.3 (NR)
67.6, 172 (NR)
63.6, 164.9 (NR)
63.9, 165.1 (NR)
62.4, 165.1 (NR)
65.3, 164.3 (NR)
70.9, 173.1 (NR)
64.7, 170 (NR)
61.7, 166.0 (NR)

62.7, 167 (NR)
Male: 74.2, 179 (NR)
female: 58.3, 166 (NR)
62.1, 170.0 (NR)
67.9, 167.2 (NR)
67.9, 167.2 (NR)
NR, NR (NR)
59.7, NR (NR)
66.3, 172.0 (22.2)
63.0, 170 (NR)
NR, NR (NR)
70.2, 174.5 (22.9)
61, 167 (NR)
57.9, 170.0 (NR)
NR, NR (NR)
61.3, 166.3 (NR)
61.3, 166.3 (NR)
67.0, 170 (NR)
59.6, 165.8 (NR)
59.2, 165.3 (NR)
59.2, 165.3 (NR)
63.7, 170.9 (NR)
67.7, 170.7 (NR)
62.9, 170 (NR)
61.1, 166.0 (NR)

Anderson and Herrington [42]
Besier et al. [34]

20
27

20
16

0
11

20
16

Bolgla et al. [15]
Brechter and Powers [23]
Brechter and Powers [22]
Brindle et al. [36]
Callaghan and Baltzopoulos [39]
Crossley et al. [37]
Dierks and Davis [28]
Dillon et al. [43]
Duffey et al. [29]
Grenholm et al. [35]
Heiderscheit et al. [38]
Hetsroni et al. [41]
Levinger and Gilleard [24]
Levinger and Gilleard [30]
Nadeau et al. [40]
Powers et al. [27]
Powers et al. [25]
Powers et al. [26]
Powers et al. [31]
Salisch et al. [32]
Souza and Powers [21]
Willson and Davis [33]

18
10
10
16
15
48
20
8
99
17
8
61
11
13
5
24
26
19
15
10
21
20

18
10
10
12
15
18
20
11
70
17
8
344
14
14
5
18
19
19
10
10
20
20

0
5
5
4
0
17
5
0
69
0
0
U
0
0
2
0
0
0
0
5
0
0

18
5
5
12
15
31
15
8
30
17
8
U
11
13
3
24
26
19
15
5
21
20

Mass (kg), height (cm) (BMI)
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Sex (PFPS group)

NR = not reported.
*
Indicates signiﬁcant difference (p < .05) between groups.
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Table 5
Population types, activities, variables, and control or consideration of gait characteristics.
Paper

Population source (PFPS group)

Locomotion activities

Variables measured

Gait characteristics

Anderson and Herrington [42]
Besier et al. [34]
Bolgla et al. [15]
Brechter and Powers [23]
Brechter and Powers [22]
Brindle et al. [36]
Callaghan and Baltzopoulos [39]
Crossley et al. [37]
Dierks and Davis [28]

Orthopaedic clinic presentation
Undeﬁned
General population
Orthopaedic clinic presentation
Orthopaedic clinic presentation
General population
Undeﬁned
General population
Recreational runners

Stair descent
Walking and running
Stair ascent and descent
Walking
Stair ascent and descent
Stair ascent and descent
Natural walking
Stair ascent and descent
Running (treadmill)

Sagittal plane knee (2D)
Sagittal plane hip, knee and ankle (3D)
Hip in all planes (3D)
Sagittal plane knee (3D)
Sagittal plane knee (3D)
Sagittal plane knee (3D)
Rearfoot eversion (2D)
Sagittal plane knee (2D)
Coronal plane hip and knee,
and transverse plane hip (3D)

Ua
U
C (96 steps/min)
U
Ub
Ua
Ua
C (96 steps/min)
U

Dillon et al. [43]

College-age females

Walking on ﬂat and
down 158 slope (treadmill)

Sagittal plane knee and ankle (2D)

C (1.11 m/s)

Transverse plane tibia, femur,
and pelvis (2D)
Running

Rearfoot eversion kinematics
(2D-treadmill)

Ub

Grenholm et al. [35]

Recreational and competitive
runners (10 miles/week)
of at least 1 year experience
General population

Stair descent

U

Heiderscheit et al. [38]

General population

Running

Hetsroni et al. [41]

Military recruits

Walking (treadmill)

Levinger and Gilleard [24]
Levinger and Gilleard [30]
Nadeau et al. [40]
Powers et al. [27]

Undeﬁned
Undeﬁned
Orthopaedic clinic presentation
Undeﬁned

Natural
Natural
Natural
Natural

Sagittal plane knee and ankle,
and coronal plane hip (3D)
Sagittal plane knee and ankle,
and coronal plane femur, tibia
and ankle kinematics (3D)
Rearfoot eversion kinematics
(2D-treadmill)
Rearfoot frontal plane (3D)
Rearfoot and tibia all planes (3D)
Sagittal plane ankle, knee and hip (2D)
Whole foot pronation and
transverse plane tibia and femur (3D)

Powers et al. [25]

General population
(orthopaedic clinic presentation)

Natural and fast walking

Duffey et al. [29]

walking
walking
walking
walking

C (2.68 m/s)

C (1.38 m/s)
U
U
U
Ub

Sagittal plane knee (3D)

Ua

Ramp ascent and descent
Stair ascent and descent
Powers et al. [26]

Orthopaedic clinic presentation

Natural and fast walking
Ramp ascent and descent
Stair ascent and descent

Sagittal plane ankle, knee and hip (3D)

Ub

Powers et al. [31]
Salisch et al. [32]
Souza and Powers [21]

General population
Orthopaedic clinic presentation
General population (orthopaedic
clinic presentation)
Active females
(regular sports participation)

Natural and fast walking
Stair ascent and descent
Running

Sagittal plane knee (3D)
Sagittal plane ankle, knee and hip (3D)
Coronal and transverse plane hip (3D)

Ub
Ub
C (3.0 m/s)

Running

Hip and knee in all three planes (3D)

C (3.7 m/s)

Willson and Davis [33]

U: uncontrolled and unaccounted for, C: Controlled, 2D: two-dimensional motion analysis, 3D: three-dimensional motion analysis.
a
Not reported.
b
Signiﬁcant differences found.

with PFPS (see Fig. 2A). Limited evidence indicated increased peak
ankle dorsiﬂexion (PAnkDF) [26] but no difference in peak or
timing of peak tibial rotation angles [27,30] (see Fig. 2B). Findings
of decreased knee ﬂexion at heel strike (KF-HS) [31] and during
early stance (KF10 and KF20) [40], and trends towards earlier and
reduced peak hip internal rotation (PHIR-time and PHIR) [27] were
also indicated during walking in individuals with PFPS (see Fig. 2C).
During fast walking, ﬁndings from one study indicated increased
peak ankle dorsiﬂexion (PAnkDF) [26] in individuals with PFPS (see
Fig. 2D). Additionally, signiﬁcant reductions [31] or trends towards
reductions [23,25] in peak knee ﬂexion (PKF) were indicated in
individuals with PFPS (see Fig. 2D).
3.5.3. Stair and ramp negotiation kinematics
Included ﬁndings evaluating kinematics during stair/ramp
ascent and descent can be found in Fig. 3A and B respectively.
During stair negotiation, limited ﬁndings indicated no difference in
peak hip ﬂexion (PHF) angle [32] or hip adduction at contra-lateral
foot strike [35], whilst ﬁndings related to knee ﬂexion (PKF and KFHS) and peak ankle dorsiﬂexion (PAnkDf) angles [32] were

inconsistent. One study found a reduction in knee ﬂexion velocity
during stair descent [35] (see Fig. 3B). Only one study evaluating
kinematics during ramp ascent and descent was identiﬁed [26].
Findings indicated signiﬁcantly increased peak ankle dorsiﬂexion
(PAnkDF) but no difference in peak knee ﬂexion (PKF) during both
ramp ascent and descent in individuals with PFPS (see Fig. 3A and B).
3.5.4. Running kinematics
During running, one study with large participant numbers
(n  70 in each group) [29] indicated greater rearfoot eversion at
heel strike (REV-HS), increased and delayed timing of peak rearfoot
eversion (PREV and PREV-time), and reduced range of rearfoot
eversion during the ﬁrst 10% (REVexc10) and the total (REVexc) of
stance phase (see Fig. 3C). Another study evaluating running
kinematics indicated signiﬁcantly increased knee external rotation
(KER) at peak knee extension moment in individuals with PFPS [33]
(see Fig. 3C). Three studies [21,28,33] evaluating kinematics at the
hip during running were identiﬁed (see Fig. 3D). However, ﬁndings
related to hip adduction and internal rotation were inconsistent
(see Fig. 3D).
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Fig. 1. Spatiotemporal gait characteristics (black plots = signiﬁcant ﬁndings with group difference adjacent the right error bar, grey plots = non-signiﬁcant ﬁndings). (A) Gait
velocity during walking, stair negotiation and ramp negotiation. (B) Stride length during walking and ramp negotiation. (C) Cadence during walking and ramp negotiation. (D)
Running spatiotemporal gait characteristics. (*) Variables were reported to have statistically signiﬁcant differences between groups in original study. (y) Medium effect sizes
found. (z) Large effect sizes found. Variable abbreviations: M: male, NW: natural walking, F: female FW: fast walking, RA: ramp ascent, SA: stair ascent, RD: ramp descent, SD:
stair descent, SL: stride length, SD: stride duration, ST: support time, m: metres, m/s: metres per second, min: minute.

4. Discussion

Included studies showed large variations in quality, measured
using items from the Downs and Black ‘Quality Index’ [18], with
scores varying between 5 and 12 out of 15. Items 5, 11, 12, 15, 20,
21, and 25 will be discussed further due to generally poor results
across included studies (see Table 2). Results from the inclusion/
exclusion criteria checklist (see Table 3) and results from Tables 4
and 5 will also be discussed further.

the ability of any ﬁndings to be applied to a broader population.
The ages of participants from the included studies varied
substantially. Common consensus amongst recent RCTs investigating PFPS populations [9,10] would indicate that PFPS patients
treated clinically fall into an age range of 18–40 years of age.
Younger populations may be considered skeletally immature,
whilst older populations may be far more likely to possess PFJ
osteoarthritis. Of the 24 included studies, 12 did not deﬁne the age
range used and seven reported using participants aged greater
than 40 years of age.
The majority of included studies focussed on females, with 14
out of 24 (58%) of the included studies reporting to investigate
females only. None of the included studies provided adequate
comparison between female and male participants for kinematic
variables. Since a recently conducted large randomised controlled
trial (n = 179) using a general population indicated comparative
ratios of males to females (44% males) [10], excluding males from
evaluation means a large proportion of the PFPS population is not
represented. On the inclusion/exclusion criteria checklist, scores
varied between 0 and 7 out of 7 (see Table 3). Only seven out of the
24 (29%) included studies reported covering all seven inclusion/
exclusion criteria, thus limiting the ability to conﬁdently apply
most ﬁndings in this review to a PFPS population. Variable results
from the inclusion/exclusion quality assessment scale indicating
the use of different inclusion/exclusion criteria also limit the
ability to pool results from multiple studies.

4.1.1. External validity
A number of common methodological weaknesses which limit
the external validity of many ﬁndings in this review were found.
The majority of included studies either recruited participants via
convenience sampling (e.g. university population or single source)
or did not deﬁne their source population (see Table 5). This limits

4.1.2. Confounding factors
Of the 24 included studies only four reported the test–retest
reliability of their measurement techniques (item 20 on Downs
and Black Quality Index [18]). Items 5 and 25 from the Downs and
Black ‘Quality Index’ [18] relate to identifying and adjusting for
confounding variables respectively. Only six studies were found to

The review identiﬁed 24 published studies evaluating kinematic gait characteristics associated with PFPS. Various methodological issues were identiﬁed in the review, which have
implications for interpretation of included ﬁndings. These included
identiﬁcation of potential methodological bias, lack of control of or
accounting for spatiotemporal gait characteristics which may alter
kinematics, different study population deﬁnitions and demographics, including participants greater than 40 years of age who
may possess PFJ osteoarthritis, varied data collection procedures,
and statistical reporting deﬁciencies. Only one of the 24 included
studies contained a prospective research design [41] and this did
not contain adequate data to complete effect size calculations.
Therefore, the ability to distinguish between cause and effect from
this review is limited.
4.1. Considerations when interpreting results
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Fig. 2. Kinematics during walking (black plots = signiﬁcant ﬁndings with group difference adjacent the right error bar, grey plots = non-signiﬁcant ﬁndings). (A) Kinematics of
the foot during walking. (B) Kinematics of the ankle and tibia during walking. (C) Kinematics of the hip and knee during walking. (D) Kinematics of the knee and ankle during
fast walking. (*) Variables were reported to have statistically signiﬁcant differences between groups in original study. (y) Medium effect sizes found. (z) Large effect sizes
found. (^) Inadequate information to calculate percentage difference. Variable abbreviations: time: timing of, PRAbd: peak rearfoot abduction, PRAdd: peak rearfoot adduction,
PRPF: peak rearfoot plantar ﬂexion, PRDF: peak rearfoot dorsiﬂexion, PRINV: peak rearfoot inversion, PREV: peak rearfoot eversion, WFpro: whole foot pronation, REVHST:
rearfoot eversion as heel strike transient, PTIR: peak tibial internal rotation, PTER: peak tibial external rotation, PAnkDF: peak ankle dorsiﬂexion, PHIR: peak hip internal
rotation, PKE: peak knee extension, KF20: knee ﬂexion at 20% of gait cycle, KF10: knee ﬂexion at 10% of gait cycle, PKF: peak knee ﬂexion, KF-HS: knee ﬂexion at heel strike.

adequately address either of these items, and only one study [33]
adequately addressed both items. Confounding variables considered for studies from this review included matching participant
sources and demographics (e.g. age, height, mass and activity
levels), and controlling or accounting for differences in spatiotemporal gait characteristics (velocity, stride length and cadence).
Only seven of the 24 included studies controlled spatiotemporal
gait characteristics. Of the 17 that did not, six reported signiﬁcant
differences between groups and six did not report sufﬁcient data to
evaluate differences between groups (see Table 5). None of the 17
studies not controlling spatiotemporal gait characteristics
reported to have accounted for possible differences during
statistical analysis.
4.1.3. Spatiotemporal gait characteristic differences
There is some evidence to suggest that spatiotemporal gait
characteristics (velocity, stride length and cadence) may be
altered in individuals with PFPS. Three [26,27,31] of the eight
studies evaluating natural gait velocity found signiﬁcant reductions in gait velocity, whilst four [23,24,30,40] of the remaining
ﬁve all showed trends towards reduced gait velocity in
individuals with PFPS. Slower velocity was also indicated during
fast walking [26,31], ramp ascent and descent [26], and stair
ascent and descent [26]. Evidence also indicates that stride
length may be decreased in individuals with PFPS during natural
[23,26,27,31] and fast walking [23,26,31], and ramp ascent and

descent [26]. Similarly, evidence exists for a reduction in cadence
in individuals with PFPS during natural [26,30] and fast walking
[40], and ramp ascent and descent [26]. Three studies [22,32,35]
reported cadence during stair negotiation. However, only one
[35] reported adequate data to allow effect size calculations,
indicating a trend towards reduced cadence in individuals with
PFPS.
Spatiotemporal gait characteristics reported during running
included gait velocity, stride length, cadence, stride duration, and
support time. One study showed an increase in support time
during running in a PFPS population [29], which may indicate a
reduction in velocity similar to that observed during walking.
However, two other studies [21,28] did not ﬁnd any signiﬁcant
association between reduced running velocity and PFPS.
The possible presence of reduced gait velocity, stride length,
and cadence (see Fig. 1) in individuals with PFPS highlights the
importance of controlling or accounting for differences in
spatiotemporal gait characteristics, since reduced walking velocity
has been reported to decrease joint motion [47–49]. It could also be
argued that, controlling gait velocity or cadence as was done in six
of the included studies may alter normal gait patterns and
subsequently affect kinematics. Therefore, all case–control kinematic comparisons found in this review should be considered with
caution, particularly from studies which reported signiﬁcant
differences or did not report spatiotemporal gait characteristics
for their populations (see Table 5).
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Fig. 3. Kinematics during tasks of increased demand—running, stair negotiation and ramp negotiation (black plots = signiﬁcant ﬁndings with group difference adjacent the
right error bar, grey plots = non-signiﬁcant ﬁndings). (A) Kinematics of the hip knee and ankle during stair and ramp ascent. (B) Kinematics of the hip knee and ankle during
stair and ramp descent. (C) Kinematics of the knee and foot during running. (D) Kinematics of the hip during running. (*) Variables were reported to have statistically
signiﬁcant differences between groups in original study. (y) Medium effect sizes found. (z) Large effect sizes found. (^) At peak knee extension moment. Variable abbreviations:
BR: beginning of run, ER: end of run, CFS: contra-lateral foot strike, PKF: peak knee ﬂexion, KF-HS: knee ﬂexion at heel strike, PHF: peak hip ﬂexion, PAnkDF: peak ankle
dorsiﬂexion, time: timing of, PREV: peak rearfoot eversion, HIR: hip internal rotation, HAdd: hip adduction, HIR exc: hip internal rotation excursion, HAdd exc: hip adduction
excursion, KIR exc: knee internal rotation excursion, KAdd exc: knee adduction excursion, KER: knee external rotation, KAdd: knee adduction, KF: knee ﬂexion, REV-HS:
rearfoot eversion at heel strike, REVexc10: excursion in ﬁrst 10% of stance phase, REVexc: excursion.

4.1.4. Meta-analysis, effect size calculation and statistical power
Kinematic gait characteristics evaluated varied greatly between
studies included in the review (see Table 5). Heterogeneity of
methodology and participant characteristics from included studies
in the review made data pooling and meta-analysis inappropriate.
Many of the included studies did not report adequate data for
effect size calculations for some or all of their measured variables.
This led to the exclusion of some data when authors could not be
successfully contacted or supply additional data. As a result,
studies that may have provided additional insight into kinematic
gait characteristics associated with PFPS were excluded. Only six
out of 24 included studies contained a minimum of 20 participants
in both groups (see Table 4). These low participant numbers may
have led to issues with statistical power and potentially resulted in
type II errors for many comparisons made [45].
4.2. Case–control ﬁndings
4.2.1. Walking kinematics
No studies with adequate data were found which simultaneously evaluated kinematics at the knee, hip and foot/ankle
during walking. No signiﬁcant differences in peaks [27,30] or
excursions [39] of rearfoot eversion during walking were indicated
by ﬁndings included in the review (see Fig. 2A). Limited evidence of
delayed peak rearfoot eversion [30,39] and abduction [30] (see
Fig. 2A) may indicate the existence of prolonged pronation in
individuals with PFPS [8,12]. Greater rearfoot eversion angle was
found in a PFPS population at heel strike transient (large effect size)
[24], adding further evidence that rearfoot kinematic differences
may be associated with PFPS. However, without prospective

evaluation it is not possible to determine if these differences are
risk factors or compensatory strategies associated with PFPS. The
signiﬁcance of earlier peak rearfoot adduction and dorsiﬂexion
found in one study [30] is unclear without further evaluation of its
possible effects on other segments of the foot and more proximal
structures.
The relationship between abnormal rearfoot kinematics and
kinematics at the knee in individuals with PFPS during walking
remains unclear. Of the studies indicating delayed peak rearfoot
eversion [30,39], only one [30] also investigated tibial kinematics.
Findings indicated no signiﬁcant differences in peak or timing of
peak tibial rotation (see Fig. 2B). Another study included in the
review evaluated both pronation of the foot (measured as a single
segment) and tibial rotation [27], with ﬁndings indicating no
differences in foot or tibial kinematics between groups. However,
these ﬁndings need to be considered with caution due to
signiﬁcant reduction (17%) in gait velocity found in their PFPS
group (see Fig. 1A) which may have compensated possible
kinematic differences. Studies indicating delayed rearfoot eversion
[30,39] did not report signiﬁcant group differences for gait velocity.
Another possible explanation for discrepancies related to kinematics of the foot may be the different kinematic models used.
Whilst studies ﬁnding signiﬁcant delays modelled the rearfoot as a
single segment [29,30,39], Powers et al. [27], who found no
signiﬁcant differences, modelled the whole foot as a single
segment.
Powers et al. [27] was the only study to report adequate data for
effect size calculations related to hip kinematic evaluation during
walking in individuals with PFPS. Although not signiﬁcant, this
data indicated a trend towards reduced peak and earlier timing of
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peak hip internal rotation during walking [27] (see Fig. 2C). As with
increased rearfoot eversion at heel strike transient, prospective
research is required to determine whether these possible
differences are risk factors or compensations associated with PFPS.
In the sagittal plane, signiﬁcant reductions in knee ﬂexion angle
were found at heel strike [31] and during early stance (i.e. at 10%
and 20% of gait cycle) [40] during walking (large effect sizes) (see
Fig. 2C). This may be a strategy by individuals with PFPS to reduce
loading on the PFJ at and following heel strike. Limited evidence
indicated no difference in peak knee ﬂexion [23,25,31] or peak
knee extension [23] during walking (see Fig. 2C), which would
indicate that the range of sagittal plane knee motion may not be
altered in individuals with PFPS during walking. Increased peak
ankle dorsiﬂexion (medium effect) during walking was found
using a kinematic model which models the foot as a single
segment. Therefore, it is not possible to determine if this increased
motion occurs at the talocrural joint or other joints in the foot.
Further research using more complex foot modelling is required to
further clarify these relationships.
4.2.2. Fast walking kinematics
Kinematic evaluation during fast walking was limited to the
sagittal plane. Contrary to natural walking, a reduction in peak knee
ﬂexion (medium effect) but not knee ﬂexion angle at heel strike was
found during fast walking [31] (see Fig. 2D). This contradictory
evidence is limited to just one study and therefore requires further
investigation. Similar to natural walking, increased peak ankle
dorsiﬂexion was indicated in individuals with PFPS (see Fig. 2D),
however, more research is required to determine where in the foot
and/or ankle this increased motion occurs.
4.2.3. Stair and ramp negotiation kinematics
Reduced knee ﬂexion velocity during the stance phase of stair
descent in individuals with PFPS [35] may be an attempt to
minimise loading on the PFJ and avoid pain. Crossley et al. [37] also
indicated a possible pain avoidance strategy, with a signiﬁcant
reduction in peak knee ﬂexion and knee ﬂexion at ipsi-lateral foot
strike (medium to large effect sizes) in individuals with PFPS found
during stair ascent and descent. However, other studies indicated
no difference in knee ﬂexion angle at any stance phase gait cycle
point evaluated (see Fig. 3B). These discrepant results may have
been produced by methodological differences. Whilst Crossley
et al. [37] controlled cadence between groups at 96 steps per
minute, other studies evaluating knee ﬂexion kinematics during
stair negotiation [25,32,35,36] did not. Interestingly, ﬁndings from
studies which compared cadence between groups indicated
reduced cadence during stair negotiation in individuals with PFPS
[22,32,35]. Individuals with PFPS in those studies which did not
control cadence may have negotiated stairs with reductions in
cadence, reversing possible kinematic differences. Considering
these methodological discrepancies, further research with and
without control of cadence is needed to provide clarity in regards
to sagittal plane knee kinematic differences during stair negotiation.
Two studies were found evaluating kinematics of the hip
[32,35]. Findings from these indicated no difference in hip ﬂexion/
extension during stair ascent or descent [32], and no difference in
hip adduction at contra-lateral foot strike [35] (see Fig. 3A and B).
Findings from the same studies indicated no signiﬁcant difference
in ankle dorsiﬂexion during stair ascent [32] or descent [32,35] (see
Fig. 3B). However, ﬁndings from another study indicated a
signiﬁcant increase in ankle dorsiﬂexion in a PFPS of 8.88 during
stair descent. These limited inconsistent ﬁndings require further
evaluation using more complex modelling of the foot.
Only one study was found investigating kinematics during
ramp negotiation [25], with evaluation limited to peak knee ﬂexion

and peak ankle dorsiﬂexion during ramp ascent and descent (see
Fig. 3C). Findings indicated no differences in peak knee ﬂexion but
signiﬁcant increases in peak ankle dorsiﬂexion during both ascent
and descent (medium effect sizes). Again, these possible ankle
dorsiﬂexion differences require further evaluation using more
complex modelling of the foot.
4.2.4. Running kinematics
No studies with adequate data were found which simultaneously evaluated kinematics at the knee, hip and foot/ankle
during running. Two studies were found evaluating kinematics at
the knee during running (see Fig. 3C). Although ﬁndings indicated
no difference between groups for knee adduction angle at either its
peak [28] or peak knee extension moment [33], a greater knee
external rotation angle of 3.18 (medium effect) at peak knee
extension moment was found [33]. Since, greater knee external
rotation (i.e. tibial external rotation relative to the femur) will
increase the Q angle and has been reported to alter PFJ contact area
in individuals with PFPS [50], this kinematic difference may
partially explain aetiology in runners with PFPS.
Only one study was found evaluating kinematic differences at
the foot during running [29] (see Fig. 3C). This study contained
large participant numbers (>70 in each group) and was of high
quality based on both quality assessment scales (see Tables 2 and
3). However, the clinical signiﬁcance of the small increase in peak
rearfoot eversion of 0.58 (medium effect size) is questionable.
Small reductions in rearfoot eversion excursion during the ﬁrst 10%
and the total of stance phase of 1.38 and 1.58 respectively (both
large effect sizes) were also found. These reductions in range may
be the result of the signiﬁcant increase in rearfoot eversion of 2.88
(large effect size) found at heel strike in the same study.
Interestingly, this increase is a similar ﬁnding to increased rearfoot
eversion at heel strike transient during walking, indicating
individuals may strike the ground in greater rearfoot eversion
regardless of gait activity. Whether this kinematic difference is a
cause or effect relationship associated with PFPS needs to be
determined prospectively.
Findings from the three studies evaluating kinematics of the hip
during running were equivocal. Greater peak hip adduction but no
difference in peak hip internal rotation during running was found
in individuals with PFPS in the study by Dierks et al. [28]. Contrary
to this, ﬁndings from Souza and Powers [21] indicated greater peak
hip internal rotation but no difference in peak hip adduction during
running in individuals with PFPS. These equivocal ﬁndings may be
explained by the fact that Souza and Powers [21] evaluated only
females, whilst Dierks et al. [28] evaluated both males and females.
Interestingly, Dierks et al. [28] reported the presence of different
running mechanics at the hip between their male and female
participants. Further research with larger participant numbers is
needed to make valid comparisons between sexes to conﬁrm if
there are different kinematic factors associated with PFPS in males
and females. Regardless, both increases in motion are consistent
with recent research reports of decreased hip muscle strength
(abductors and external rotators) in individuals with PFPS
[1,14,15], and may theoretically increase dynamic quadriceps
angle and lateral PFJ stress, therefore increasing the risk of PFPS
development [2,7,8].
Findings from Willson and Davis [33] are consistent with the
greater hip adduction angles found by Dierks et al. [28] during
running in individuals with PFPS. However, contrary to Souza and
Powers [21], ﬁndings from Willson and Davis [33] indicated a trend
towards reduced hip internal rotation. This inconsistent ﬁnding
may result from hip internal rotation being evaluated at different
points of the gait cycle in the two studies. Hip internal rotation
angle was measured at its peak in the study by Souza and Powers
[21], whilst it was measured at peak knee extension moment in the
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study by Willson and Davis [33]. Therefore, combining evaluation
of these two variables in future research may be needed to provide
clarity.
4.3. Limitations
Many possible signiﬁcant differences in kinematics between
groups may not have been detected by previous case–control
studies due to low participant numbers and lack of consideration
for spatiotemporal gait characteristics. This review did not include
non-English papers due to cost and time associated with
translation. This may have potentially led to a failure to include
all relevant evaluations of kinematic gait characteristics associated
with PFPS. We also did not critique included studies related to
kinematics based on the quality of the kinematic models used, due
to the present lack of validated assessment tools to do so. However,
this is an important consideration in the design of future kinematic
investigations. The ‘Quality Index’ used in this review was
considered the most relevant published quality assessment scale
for evaluating case–control studies. However, many of the items in
the checklist were thought to be irrelevant and were omitted
which may affect the validity of the overall scale. Many common
methodological weaknesses were identiﬁed amongst included
studies, meaning caution must be taken when considering ﬁndings
reported in this review. The majority of included ﬁndings were also
underpowered due to low participant numbers, adding further
caution to interpretation.
4.4. Future directions
Prospective research designs investigating kinematic gait
characteristics associated with PFPS are needed. Future case–
control studies may wish to control or account for potential
differences in spatiotemporal gait characteristics. Variability in
inclusion/exclusion criteria used amongst included studies highlights the need for consensus in future research investigating
kinematic gait characteristics associated with PFPS. To assist this,
addressing each of the items from the inclusion/exclusion criteria
checklist (see Appendix A) is recommended. To enhance external
validity of future research speciﬁc to PFPS diagnosis, it is also
recommended that the age range be limited between 18 and 40
years of age, producing consistency with clinical trials. Since both
male and female individuals develop PFPS, research evaluating
both genders with the view of comparing differences between
genders should be considered where possible in future investigations. To better understand the relationship between kinematics at
the knee, hip and foot and ankle, simultaneous evaluation of the
entire kinetic chain during all gait activities is needed.
5. Conclusion
Evidence for kinematic gait characteristic associated with PFPS
is currently limited by a paucity of published prospective studies,
and methodological weaknesses in existing case–control studies.
Prospective evaluation of kinematic gait characteristics in a PFPS
population to determine which variables are possible risk factors
for the condition is needed. Evaluation of knee, hip and foot and
ankle kinematics simultaneously with larger participant numbers,
consideration to spatiotemporal gait characteristics, and greater
diligence to methodological design is needed in future PFPS
kinematic research.
Previous ﬁndings from case–control studies must be considered
with caution due to methodological weaknesses. However, the
available evidence indicates that during walking, individuals with
PFPS may exhibit delayed peak rearfoot eversion, increased
rearfoot eversion at heel strike transient, and a possible reduction
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in gait velocity. Additionally, during running, individuals with PFPS
may exhibit increased knee external rotation at peak knee
extension moment, delayed timing of peak rearfoot eversion,
increased rearfoot eversion at heel strike, reduced rearfoot
eversion excursion during early and total stance, and greater hip
adduction. Inconsistent ﬁndings related to hip internal rotation
during running indicate the need for further research to provide
clarity.
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Appendix A. Quality Assessment for inclusion/exclusion
criteria
Inclusion:
1. Clear deﬁnition of location?
2. Insidious onset unrelated to trauma (including patellar dislocation)
3. Symptoms consistent with PFPS diagnosis (e.g. pain during
squatting, kneeling, walking, running, stairs, or sitting with a
ﬂexed knee), or positive ﬁndings with appropriate clinical tests
(e.g. PFJ compression, resisted quadriceps contraction)
Exclusion:
Clearly deﬁned exclusion criteria including:
4. Previous knee surgery
5. Internal derangement
6. Ligamentous instability
7. Other sources of anterior knee pain such as patellar tendonopathy
Total score = /7
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2.1.1 Reproduction of Figures 1 to 3 from Section 2.1.
1A. Gait velocity during walking, stair negotiation and ramp negotiation.
Powers [26] - SD*‡
Powers [26] - RD*‡
Powers [26] - SA*‡
Powers [26] - RA*‡
Powers [31] - FW*†
Powers [26] - FW*†
Brechter [23] - FW
Nadeau [40] - NW
Powers [31] - NW*†
Powers [26] - NW*‡
Brechter [23] - NW
Powers [27] - NW*‡
Levinger [24] - NW
Levinger [30] - NW
Besier - [34] NW - M
Besier [34] - NW - F

0.09 m/s (18%)
0.25 m/s (21%)
0.09 m/s (18%)
0.35 m/s (25%)
0.20 m/s (11%)
0.29 m/s (15%)
0.17 m/s (11%)
0.24 m/s (17%)
0.18 m/s (14%)

-3.0 -2.4 -1.8
Reduced in PFPS

-1.2

-0.6

0.0

0.6 1.2 1.8
Greater in PFPS

1B. Stride length during walking and ramp negotiation.
Powers [26] - RD*†
Powers [26] - RA*‡
Powers [31] - FW*†
Powers [26] - FW*‡
Brechter [23] - FW†

0.1 m (8%)
0.2 m (14%)
0.1 m (6%)
0.2 m (8%)
0.1 m (6%)

Nadeau [40] - NW
Powers [31] - NW*†

0.1 m (7%)

Powers [26] - NW*†

0.1 m (8%)
0.1 m (7%)
0.1 m (7%)

Brechter [23] - NW†
Powers [27] - NW*†
Besier [34] - NW - M
Besier [34] - NW - F

-3.0 -2.4 -1.8 -1.2 -0.6 0.0
Reduced in PFPS

0.6

1.2 1.8 2.4
Greater in PFPS
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1C. Cadence during walking and ramp negotiation.
Grenholm [35] - SD
Powers [26] - RD*‡
Powers [26] - RA*‡
Powers [31] - FW
Powers [26] - FW*†
Brechter [23] - FW
Nadeau [40] - NW
Powers [31] - NW
Powers [26] - NW*‡
Brechter [23] - NW
Powers [27] - NW*†
Besier [34] - NW - M
Besier [34] - NW - F

11.3 steps/min (10%)
14.3 steps/min (12%)
8.6 steps/min (6%)

11.1 steps/min (9%)
8.2 steps/min (7%)

-3.0 -2.4 -1.8 -1.2 -0.6 0.0
Reduced in PFPS

0.6

1.2 1.8 2.4
Greater in PFPS

1D. Running spatiotemporal gait characteristics.
Heiderscheit [17] - SD
Besier [34] - Cadence - F
Besier [34] - Cadence - M
Heiderscheit [17] - SL
Besier [34] - SL - F
Besier [34] - SL - M
Besier [34] - velocity - F
Besier [34] - velocity - M
Dierks [28] - velocity
Duffey [29] - ST*‡

0.006 s (2%)

-1.8
-1.2
-0.6
Reduced in PFPS

0.0

0.6

1.2
1.8
2.4
Greater in PFPS

Figure 1. Spatiotemporal gait characteristics (Black plots = significant findings with group difference
adjacent the right error bar, Grey plots = non-significant findings).
* Variables were reported to have statistically significant differences between groups in original study
† Medium effect sizes found
‡ Large effect sizes found
Variable abbreviations: M: Male, NW: Natural walking, F: Female FW: Fast walking, RA: Ramp ascent,
SA: Stair ascent, RD: Ramp descent, SD: Stair descent, SL: Stride length, SD: Stride duration, ST:
Support time.
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2A. Kinematics of the foot during walking.
Levinger [30] - PRAbd-time†

6% of stance phase
6% of stance phase

Levinger [30] - PRAdd-time†
Levinger [30] -PRPF-time
Levinger [30] - PRDF-time*†

7% of stance phase

Levinger [30] - PRINV-time
Callaghan [39] - PREV-time*‡

0.193 seconds^

Levinger [30] - PREV-time*†

7% of stance phase

Powers [26] - WFpro-time
Levinger [30] - PRAdd
Levinger [30] - PRAbd
Levinger [36] - PRPF
Levinger [30] - PRDF
Levinger [30] - PRINV
Levinger [30] - PREV
Powers [27] - PWFpro

6.9º

Levinger [24] - REVHST*‡
Callaghan [39] - REV exc

-6.0 -5.4 -4.8 -4.2 -3.6 -3.0 -2.4 -1.8 -1.2 -0.6 -0.0 0.6 1.2 1.8 2.4

Reduced/delayed in PFPS

Greater/earlier in PFPS

2B. Kinematics of the ankle and tibia during walking.

Powers [27] - PTIR-time

Levinger [30] - PTER

Levinger [30] - PTIR

Powers [27] - PTIR

Levinger [30] - PTER-time

Levinger [30] - PTIR-time

3.3º

Powers [28] - PAnkDF†

-1.2

-0.6

Reduced/delayed in PFPS

0.0

0.6

1.2

Greater/earlier in PFPS
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2C. Kinematics of the hip and knee during walking.
Powers [27] - PHIR-time*
Powers [27] - PHIR*
Brechter [23] - PKE
Nadeau [40] - KF20*‡

5.4º

Nadeau [40] - KF10*‡

8.4º

Powers [31] - PKF
Brechter [23] - PKF
Powers [25] - PKF
Powers [31] - KF-HS*‡

3.6º

-3.0

-2.4

-1.8

-1.2

-0.6

0.0

Reduced/delayed in PFPS

0.6

1.2

Greater/earlier in PFPS

2D. Kinematics of the knee and ankle during fast walking.
Brechter [23] - PKE

Powers [31] - PKF*†

2.9º

Brechter [23] - PKF

Powers [25] - PKF

Powers [31] - KF-HS

Powers [26] - PAnkDF*†

2.8º

-3.0

-2.4

-1.8

Reduced/delayed in PFPS

-1.2

-0.6

0.0

0.6

1.2

1.8

Greater/earlier in PFPS

Figure 2. Kinematics during walking (Black plots = significant findings with group difference adjacent
the right error bar, Grey plots = non-significant findings).
* Variables were reported to have statistically significant differences between groups in original studyº
† Medium effect sizes found
‡ Large effect sizes found
^ Inadequate information to calculate percentage difference
Variable abbreviations: time: timing of, PRAbd: Peak rearfoot abduction, PRAdd: Peak rearfoot
adduction, PRPF: Peak rearfoot plantar flexion, PRDF: Peak rearfoot dorsiflexion, PRINV: Peak rearfoot
inversion, PREV: Peak rearfoot eversion, WFpro: Whole foot pronation, REVHST: Rearfoot eversion as
heel strike transient PTIR: Peak tibial internal rotation, PTER: Peak tibial external rotation, PAnkDF:
Peak ankle dorsiflexion, PHIR: Peak hip internal rotation, PKE: Peak knee extension, KF20: Knee flexion
at 20% of gait cycle, KF10: Knee flexion at 10% of gait cycle, PKF: Peak knee flexion, KF - HS: Knee
flexion at heel strike
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3A. Kinematics of the hip knee and ankle during stair and ramp ascent.
Powers [26] - PKF

Ramp

Powers [26] - PAnkDF

3.3º
Stairs

Salsich [32] - PHF
Salisich [32] - PKF
Crossley [37] - PKF*†

6.4º

Powers [26] - PKF
Brindle [36] - KF-HS
Crossley [37] - KF-HS*†

7.5º

Powers [26] - PAnkDF
Salsich [32] - PAnkDF

-3.0 -2.4 -1.8
Reduced in PFPS

-1.2

-0.6

0.0

0.6 1.2 1.8
Greater in PFPS

3B. Kinematics of the hip knee and ankle during stair and ramp descent.
Ramp
Powers [26] - PAnkDF*†
Powers [26] - PKF
Grenholm [35]- HAdd - CFS
Salsich [32] - PHF
Grenholm [35] - KFvel - CFS*†
Salisich [32] - PKF
Crossley [37] - PKF*†
Powers [26] - PKF
Grenholm [35]- KF - CFS
Brindle [36] - KF - HS
Crossley [37] - KF - HS*†
Grenholm [35] - AnkDF - CFS
Powers [26] - PAnkDF*‡
Salsich [32] - PAnkDF

3.9º
Stairs
31.8 º/s

3.2º
8.8º

-2.4 -1.8 -1.2
Reduced in PFPS

-0.6

0.0

0.6

1.2 1.8 2.4
Greater in PFPS
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3C. Kinematics of the knee and foot during running.
Willson [33] - KF^
Willson [33] - KER^*†

3.1º

Willson [33] - KIR exc
Dierks [28] - PKAdd - ER
Dierks [28] - PKAdd - BR
Willson [33] - KAdd^
Willson [33] - KAdd exc
Duffey [29] - PREV - time

1.2%

Duffey [29] - PREV†

0.5º

Duffey [29] - REV - HS‡

2.8º

Duffey [29] -REVexc10*‡

1.3º

Duffey [29] - REVexc‡

1.5º

-3.0 -2.4 -1.8 -1.2 -0.6 0.0 0.6 1.2 1.8 2.4 3.0 3.6 4.2
Reduced in PFPS
Greater in PFPS

3D. Kinematics of the hip during running.
Souza [21] - PHIR*‡

7.6º

Dierks [28] - PHIR - ER
Dierks [28] - PHIR - BR
Willson [33] - HIR^
Willson [33] - HIR exc
Souza [21] - PHAdd
Dierks [28] - PHAdd -ER*†

3.1º

Dierks [28] - PHAdd -BR*†

3.2º

Willson [33] - HAdd^*†

2.9º

Willson [33] - HAdd exc

-2.4 -1.8 -1.2
Reduced in PFPS

-0.6

0.0

0.6

1.2 1.8 2.4
Greater in PFPS

Figure 3. Kinematics during tasks of increased demand – running, stair negotiation and ramp negotiation
(Black plots = significant findings with group difference adjacent the right error bar, Grey plots = nonsignificant findings).
* Variables were reported to have statistically significant differences between groups in original study
† Medium effect sizes found
‡ Large effect sizes found
^ At peak knee extension moment
Variable abbreviations: BR: Beginning of run, ER: End of run, CFS: contra-lateral foot strike, PKF: Peak
knee flexion, KF – HS: Knee flexion at heel strike, PHF: Peak hip flexion, PAnkDF: Peak ankle
dorsiflexion, time: timing of, PREV: Peak rearfoot eversion, HIR: Hip internal rotation, HAdd: Hip
adduction, HIR exc: Hip internal rotation excursion, HAdd exc: Hip adduction excursion, KIR exc: Knee
internal rotation excursion, KAdd exc: Knee adduction excursion, KER: Knee external rotation, KAdd:
Knee adduction, KF: Knee flexion, REV – HS: Rearfoot eversion at heel strike, REVexc10: excursion in
first 10% of stance phase, REVexc: Excursion
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2.2 Evaluation of the scope and quality of systematic
reviews on nonpharmacological conservative treatment for
patellofemoral pain syndrome
The second systematic review evaluates whether level I evidence exists to support foot
orthoses prescription or other conservative treatment approaches in individuals with
PFPS. Specifically, it was designed to: (i) evaluate the quality and scope of recently
published systematic reviews on non-pharmacological conservative interventions for
PFPS; and (ii) provide an overview of findings from high quality systematic reviews
that focussed on non-pharmacological conservative treatment for PFPS.
This systematic review has been published as:
Barton CJ, Webster KE, Menz HB. Evaluation of the scope and quality of systematic
reviews on nonpharmacological conservative treatment for patellofemoral pain
syndrome. Journal of Orthopaedic and Sports Physical Therapy 2008;38:529-541.
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CHRISTIAN J. BARTON, BPhysio (Hons), PT¹A7J;;$M;8IJ;H"BSc (Hons), PhD²
HYLTON B. MENZ, BPod (Hons), PhD³

Evaluation of the Scope and Quality of
Systematic Reviews on Nonpharmacological
Conservative Treatment for Patellofemoral
Pain Syndrome
atellofemoral pain syndrome (PFPS) is the most common
diagnosis of knee pain found in the orthopaedic clinical
setting,30,46 usually developing with an insidious onset.13,54 The
condition commonly affects adolescents and young adults,13,63
and is deﬁned by the presence of pain in the retropatellar or peripatellar
region during tasks that increase patellofemoral joint loading,23 such

P

as walking, running, negotiating stairs,
squatting, prolonged sitting, and kneel-

ing.13,35 Causes of PFPS are thought to be
multifactorial, including footwear,13 pa-

T STUDY DESIGN: Systematic literature review.

T RESULTS: Ten reviews met the inclusion

T OBJECTIVE: To evaluate the quality and scope

criteria. Among them, only 3 were considered to
be high quality, covering exercise, foot and knee
orthoses, and ultrasound intervention for PFPS.
None of the 3 reviews included literature published
after the year 2001. Some limited evidence for the
use of exercise, exercise combined with taping,
and exercise combined with the use of a Protonics
brace was found for treatment of individuals with
PFPS.

of recently published systematic reviews on the
topic of patellofemoral pain syndrome (PFPS) and
to provide an overview of their ﬁndings.

T BACKGROUND: PFPS is a commonly treated
condition. There is a large body of literature on
conservative nonpharmacological interventions for
PFPS, including multiple systematic reviews, which
require critiquing and summarizing.
T METHODS AND MEASURES: A systematic
review of systematic reviews on conservative
nonpharmacological treatment strategies for PFPS
was performed. Published systematic reviews
were identiﬁed by searching MEDLINE, EMBASE,
CINAHL, SPORTDISCUS, Current Contents, The
Cochrane Library, and PEDro electronic databases
from the year 2000 until May 2007. Cited reference
searches of each author in the Web of Science
complemented this search. Review quality was
evaluated by a speciﬁcally designed scale and only
high-quality reviews were retained to validate and
summarize reported ﬁndings.

T CONCLUSION: Published systematic reviews
and clinical trials need to be conducted with more
rigorous methodological design. There are no upto-date, high-quality systematic reviews covering
conservative nonpharmacological treatments
for individuals with PFPS, which indicates that
updates in all areas are needed.

T LEVEL OF EVIDENCE: Therapy, level 1a.
J Orthop Sports Phys Ther 2008;38(9):529-541.
doi:10.2519/jospt.2008.2861
T KEY WORDS: exercise, literature, orthoses,
physical therapy, ultrasound

tella alignment and structure,13,30,79 soft
tissue ﬂexibility,13,30 neuromuscular control of the vastii,13,30 lower extremity kinematics,51,64,74,78 and ﬂexibility of the lower
extremity musculature.13,63 The multitude
of potential contributing factors to PFPS
has led to varied treatment approaches.
Conservative physical therapy treatment is the most common management
strategy for PFPS,13,30 with interventions including patellar taping, 13,19,54
exercise,13,30,41 vastus medialis oblique
biofeedback,19 patella mobilization,13,63
stretching lateral structures of the patellofemoral joint (PFJ),13 orthoses designed
to control patellar tracking,13,23 and foot
orthoses aiming to control tibial and
femoral rotation in those with excessive
pronation,23,26,27,47,72 all of which are believed to beneﬁt individuals with PFPS.
In response to noted weakness of the hip
abductors and external rotators in individuals with PFPS,11,46,66 more recent interventions have focused on hip muscle
retraining.53 As with many musculoskeletal conditions, multiple biophysical
agents, such as ultrasound, electrical
stimulation, and ice, are also often used
to treat individuals with PFPS.
To optimize patient outcomes for
such a complex condition it is essential
that therapists be provided with clear
guidelines based on the best available evi-
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[
TABLE 1

LITERATURE REVIEW

]

Quality Assessment Scale for Systematic Reviews*

Criteria

Yes

In Part

No

Total

Were the search methods used to ﬁnd evidence (original research) on the primary question(s) stated?
1. Explicitly described to allow replication (ie, 100% conﬁdent that you could replicate it). If explained but you can't be 100% conﬁdent
_____ _____ _____

_____

_____ _____ _____

_____

_____ _____ _____

_____

_____ _____ _____

_____

_____ _____ _____

_____

_____ _____ _____

_____

_____ _____ _____

_____

_____ _____ _____

_____

_____ _____ _____

_____

10. Meta-analysis conducted on only homogenous data or limitations to homogeneity discussed

_____ _____ _____

_____

11. Conﬁdence intervals/effect sizes reported where possible

_____ _____ _____

_____

_____ _____ _____

_____

_____ _____ _____

_____

_____ _____ _____

_____

of replication = in part
Was the search for evidence comprehensive?
2. Adequate number and range of databases (3 = in part, >3 = yes). Search engines which rely on other databases (eg, PEDro) not applicable
3. Alternative searches such as manual searches, Web of Science, reference lists, contact of prominent authors or other sources of information
(1 of these = in part, 2 or more = yes)
4. Adequate range of key words (search likely to be sensitive). At least 2 of patellofemoral, patella peripatellar, retropatellar, knee,
anterior knee pain, arthralgia, chondromalacia patellae and chondropathy = in part, 4 or more = yes.
5. Non-English language papers included in the search. Must explicitly state that no language restrictions were applied,
or something of similar meaning to score yes
Were the criteria for deciding which studies to include in the overview reported?
6. Explicitly described to allow replication (unambiguous). If described but not 100% clear = in part
7. Excludes reviews which do not adequately address inclusion (diagnosis of patellofemoral pain syndrome) and exclusion
(previous knee surgery or any other sources of knee pathology, eg, patella tendonopathy, osteoarthritis, etc) criteria.
One of inclusion or exclusion = in part, both = yes
Was bias in the selection of articles avoided?
8. Two independent reviewers
Were the criteria used for assessing the quality of included studies reported?
9. Explicitly described to allow replication. If described scale is not valid, and/or reliability not reported, score = in part
Were the methods used to combine and/or compare the ﬁndings of relevant studies appropriate?

Were conclusions made by the author(s) appropriate?
12. Supported by the meta-analysis or other data analysis ﬁndings (effect sizes, conﬁdence intervals, etc) in the review.
If only signiﬁcance levels relied upon = in part
13. Conclusions address levels of evidence for each intervention/comparison (eg, level A-D evidence, strong-weak evidence, etc
Total:
*Scoring: yes, 2; in part, 1; no, 0.

dence. Recently there has been a strong
emphasis to adopt evidence-based practice behaviors, encouraging therapists
to take advantage of the results from
existing systematic reviews.42,52 The Cochrane Collaboration is an independent
international organization dedicated to
providing health care professionals with
up-to-date and accurate information,
primarily via dissemination of unbiased
systematic reviews.43 While the Cochrane
Collaboration adheres to stringent methods for evaluating and summarizing the
evidence,54 this may not always be the
case with other sources of systematic reviews. Given the large body of literature
on PFPS, there have been several pub-

lished systematic reviews on the nonpharmacological conservative management of
this condition. Because the objective of a
systematic review is to provide the reader
with easily accessible high-quality information,69 the quality of each systematic
review needs to be evaluated before the
conclusions or recommendations can be
properly considered. Lower-quality reviews may include articles with known
sources of bias22 and introduce bias in
their own methodological process, making conclusions potentially invalid.
There is currently no consensus as
to a rating scale to use when evaluating
the quality of a systematic review (TABLE
1). Authors of a few previous systematic

reviews of systematic reviews in other areas of health care have not used a quality
assessment scale.28,29 Other reviews45,50
have used a simple scale consisting of 9
items developed by Hoving et al45 using
the Oxman checklist.61 Despite its moderate to excellent reliability (weighted kappa statistics between 0.66 and 0.94 for
each item), we decided that an improved
rating scale of a similar design would be
more appropriate for the current systematic review. The rating scale proposed by
Hoving et al45 required a search of only 1
electronic database and only 1 alternate
search (eg, letter to primary authors) for
a review to get full credit for comprehensiveness of the search strategy. However,
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in our opinion, a comprehensive search
requires the use of multiple databases, a
range of alternate searches, and a range
of key words speciﬁc to the review question.68,69 Hoving et al’s45 scale also does
not account for aspects related to external validity, including the adequacy of
each review’s inclusion/exclusion criteria
to ensure that only data related speciﬁcally to the population in question (eg,
PFPS) is retrieved.
Therefore, the objectives of this paper
were (1) to develop a novel quality assessment scale for published systematic reviews related to PFPS, (2) to evaluate the
quality and scope of recently published
systematic reviews on interventions for
PFPS, and (3) to provide an overview of
ﬁndings from high-quality systematic reviews that focused on nonpharmacological conservative treatment for PFPS.

METHODS
Inclusion and Exclusion Criteria

R

eviews published in English
with an unbiased search strategy
that was documented and reproducible were included. Non-English and
non–peer-reviewed publications were
excluded. The inclusion criteria required
participants to be described as having
the following: retropatellar, peripatellar, or patellofemoral pain; anterior knee
pain; patella or patellofemoral dysfunction; chondropathy; or chondromalacia
patellae. Each included review needed
to focus on PFPS and to include evaluation of primarily nonpharmacological
interventions, such as exercise therapy,
manual therapy, taping, orthotic devices,
ultrasound, or other biophysical agents.
Reviews focusing on surgical or pharmacological interventions were excluded.

Search Strategy
MEDLINE, EMBASE, CINAHL, SPORTDISCUS, and Current Contents electronic databases were searched for the period
January 2000 until May 2007. A search
for systematic reviews prior to the year
2000 was not deemed valuable, as the

aim of this paper was to identify and evaluate only recent reviews. Reviews published prior to 2000 were considered to
be outdated, given this widely researched
topic area. Searching was limited to the
English language only to minimize time
and costs related to translation.
A search strategy with key words related to diagnosis was taken and modiﬁed from Heintjes et al’s41 Cochrane
systematic review on exercise therapy for
PFPS. To narrow the search, a number of
key words related to treatment were applied to each database’s search tools to
develop the most sensitive search strategy ﬁlters for that database. The following key words were explored in database
search tools: physiotherapy, physical
therapy, exercise, stretch, strength, stability, ultrasound, electrophysical, electrical
orthoses, orthotic, brace, splint, tape, taping, massage, manipulation, and mobilization. Search words established in each
database were then combined to form
common sensitive search ﬁlters. These
ﬁlters were combined with the diagnostic
key words and used in all databases. The
strategy and search results are outlined
in TABLE2.
The Cochrane Musculoskeletal Injuries Group register, Cochrane Database of
Systematic Reviews, Cochrane Database
of Abstracts of Reviews of Effectiveness,
and PEDro were searched following the
initial database search to ensure that all
relevant papers had been identiﬁed in
the initial electronic search. Key words
searched in these registers included patella, patellofemoral, anterior knee pain,
and chondromalacia patellae.
Following electronic searches, references of included systematic reviews
were searched, a cited reference search
in the Web of Science (Thomson Reuters,
Philadelphia, PA) for each author of reviews found in the electronic search was
conducted, and the terms patellofemoral
pain syndrome, anterior knee pain, and
chondromalacia patellae were searched
in the Web of Science.
Unpublished work was not sought in
this review. This could potentially lead

to publication bias because clinical trials
with positive ﬁndings are more likely to
be published.54 However, attempting to
identify unpublished work on the treatment of PFPS from all institutions and
authors around the world was deemed
impossible.

Review Process
All titles and abstracts initially found
through the searches were downloaded
into Endnote Version 9 (Thomson Reuters). The set was cross-referenced, and
any duplicate references were deleted.
Each title and abstract was evaluated
for potential inclusion by 2 independent
reviewers using the inclusion/exclusion
criteria outlined above. If insufficient information was contained in the title and
abstract to make a decision on a paper,
it was retained until the full text could
be obtained for evaluation. Any discrepancy regarding papers was resolved by
a consensus meeting between the 2 reviewers. If this failed to resolve the issue,
we sought the opinion of a third person.
Once all papers of interest were identiﬁed, the review was then divided into 2
phases. The ﬁrst phase was to evaluate
the quality of each included review, while
the second phase was to summarize and
validate the reported ﬁndings in reviews
considered to be of high quality.

Quality Assessment of Reviews and Scale
Development
For the purpose of this review, a novel
quality assessment scale was developed
speciﬁcally to evaluate systematic reviews
related to PFPS. Original criteria for the
quality assessment scale were devised
from the checklist developed by Oxman,61
consideration of Hoving et al’s45 scale,
texts addressing quality expectations
from systematic reviews,68,69 and discussions between 3 reviewers.
The original individual criteria (15
items) were applied by 3 independent
reviewers on 10 PFPS reviews. Kappa (L)
statistics and percentage (%) agreement
scores (ie, percentage of items which received the same score by all 3 primary
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[
TABLE 2

LITERATURE REVIEW

]

Search Strategy and Results From Each Included Database
MEDLINE (1950-

EMBASE (1988-

CINAHL (1982-

SPORTDiscus (1830-De-

Current Contents

May 2007)

May 2007)

May 2007)

cember 2006)

(1993-May 2007)

281574

23660

54296

13198

140569

37810

9454

4354

9739

0

3. 1 and 2

5119

1439

1280

1193

0

4. anterior knee pain.mp.

493

462

211

263

417

5. ((patell$ or femoropatell$ or femoro-patell$ or retropatell$) adj (pain
or syndrome or dysfunction)).mp. [mp=title, original title, abstract,
name of substance word, subject heading word]

1027

1001

508

682

646

6. ((lateral compression or lateral facet or lateral pressure or odd facet)
adj (pain or syndrome or dysfunction)).mp. [mp=title, original title,
abstract, name of substance word, subject heading word]

16

15

4

7

8

363

730

52

121

232

Key Words
1.

arthralgia/ or pain.mp

2. knee joint/ or knee/ or patella/

7.

((chondromalac$ or chondropath$) adj (knee$ or patell$ or femoropatell$ or femoro-patell$ or retropatell$)).mp. [mp=title, original
title, abstract, name of substance word, subject heading word]

8. or/3-7
9. exp physiotherapy/ or exp physical therapy/ or exp therapy/ or exp
manual therapy/ or manipulation, chiropractic/ or manipulation,
orthopedic/ or manipulation, osteopathic/ or exp massage/ or
myofascial release/ or exp osteopathy/ or exp cryotherapy/ or exp
electrotherapy/ or exp electric stimulation/ or exp home physical
therapy/ or exp hydrotherapy/ or exp infrared therapy/ or exp joint
mobilization/ or exp therapeutic exercise/ or exp acupuncture/ or
exp conservative treatment/ or exp drug therapy/ or exp ultrasound
therapy/ or exp rehabilitation/
10. exp “Physical Therapy (Specialty)”/ or exp Physical Therapy
Modalities/
11. exp exercise/ or exp closed kinetic chain exercise/ or exp exercices/
or exp open kinetic chain exercise/ or exercise$.mp.

6019

3130

1594

1702

1108

621217

1808298

118375

19077

0

82145

17342

0

0

0

159150

111291

44283

73527

90365

12. Stretch$.mp. or exp Muscle Stretching/

32506

23227

2688

6073

53713

13. exp STRENGTH/ or exp MUSCLE STRENGTH/ or Strength$.mp.

126970

98084

19813

28916

259653

14. stabil$.mp.

235433

199358

7234

5975

451692

15. exp Ultrasonography/ or exp ultrasonic therapy/ or exp ultrasonics/

192057

212179

8679

696

0

16. ((ultrasound or ultrason$) and (treatment or therapy or intervention)).mp. [mp=title, original title, abstract, name of substance word,
subject heading word]

51405

41547

2528

622

29527

17. (orthos?s or orthotics or brace or splint).mp. [mp=title, original title,
abstract, name of substance word, subject heading word]

8081

8296

3576

1899

4210

18. (tape or taping).mp. [mp=title, original title, abstract, name of
substance word, subject heading word]

11096

5710

2202

1688

10939

19. (massage or mobili?ation or manipulation).mp. [mp=title, original
title, abstract, name of substance word, subject heading word]

72599

59994

8920

3638

64960

20. Electric$ stimulation.mp. or exp Electrostimulation/
21. or/9-20
22. 8 and 21
23. limit 22 to (humans and english language and yr=”2000-2007”)

113457

30663

3614

1674

17621

1425723

2310426

175049

121692

934314

1434

1481

909

686

321

546

841

642

264

205

532 | september 2008 | volume 38 | number 9 | journal of orthopaedic & sports physical therapy

30

reviewers) were calculated to assess reliability prior to any consensus meetings.
The reliability and validity of the original
15 criteria were further tested by randomly selecting 1 high-quality (D’Hondt23)
and 2 lower-quality (Overington60 and
Selfe70) reviews for further testing. This
selection was based on a similar ratio to
the overall quality distribution (3 high
quality, 7 lower quality) found following
assessment of the 3 primary reviewers
using the original 15 criteria. Eight new
reviewers with varying backgrounds and
research experience who were blinded to
consensus quality scores then independently applied the scale without further
instruction to the 3 papers. Their results
were compared against the 3 primary reviewers’ consensus scores using percentage agreement statistics. This process
was considered important to validate
the wider use of the scale by both health
professionals and researchers who were
not involved in the scale’s development
or had not received any training on the
use of the scale. The 8 reviewers included
2 physiotherapy doctoral candidates, an
orthopaedic surgeon conducting a research fellowship, an orthopaedic surgeon, a postdoctoral research fellow with
a background in clinical biomechanics,
a university lecturer in physiotherapy,
a research officer with a background in
physiotherapy, and an honors graduate physiotherapist with 2 years clinical
experience.
The original 15-item scale was then
modiﬁed following results from the above
validation process and suggestions from
the 8 additional reviewers. All 10 identiﬁed reviews scored full marks for logically
grouping studies relevant to their primary question, and 9 of 10 reviews scored
full points (1 review scoring “in part”) for
making conclusions relevant to their primary question. Therefore, these criteria
were removed as they were thought to be
of little value in discriminating between
higher- and lower-quality reviews. Originally there were 2 criteria related to the
use of a quality assessment scale, 1 related
to the explicit description to allow rep-

lication and 1 related to the validity and
reliability of the scale used. Each of the
reviews scored the same for both criteria
(ie, 2 and 2, or 0 and 0), indicating that
combining these 2 criteria was warranted. Based on suggestions from the additional reviewers and recommendations
in the literature, an additional criterion
addressing the inclusion of non-English
literature (criterion 5) was included. This
left a ﬁnalized scale containing 13 items,
each worth a total of 2 points, for a possible maximum score of 26 points.
Following its inclusion, criterion 5 was
applied by the 3 primary reviewers independently so that it could be added to the
12 retained items. Kappa and percentage
agreement statistics were calculated for
the new criterion prior to a consensus
meeting for this item. Intraclass correlation coefficients (ICC3,1), corresponding
95% conﬁdence intervals, and percentage
agreements were used to assess the reliability of the overall scores for both the
ﬁnalized 13-item scale and the original
15-item scale. Following application of
the ﬁnal scale to all 10 included trials by
the 3 reviewers and consensus meetings,
a score equal or greater than 20 on the
26-point scale was considered high quality. It was thought that this cutoff score
would require reasonable quality scores
for all aspects of the scale, and that this
threshold clearly separated high-quality
reviews from lower-quality reviews in the
current sample.

Data Analysis
Phase 1 The following information was

extracted from all included systematic reviews: databases used, alternate searches
used, diagnostic key words used, inclusion/exclusion criteria, number of reviewers, quality assessment scale used,
groupings/comparisons of treatment
interventions, whether effect sizes and
conﬁdence intervals were reported, and
conclusions made.
Phase 2 Only systematic reviews found
to be of high quality on the quality assessment scale were included in phase 2 data
analysis and only data related to pain,

functional outcome measures, disability
questionnaires, or treatment satisfaction
were extracted. Once the descriptive statistics were extracted, they were then
crosschecked against the original papers
to ensure that they had been reported
and calculated accurately. Homogeneity of any pooled data and the level of
logic used for grouping study ﬁndings
was also veriﬁed. These processes were
used to ensure any conclusions made in
the high-quality systematic reviews were
valid. Only conclusions from high-quality
systematic reviews that were validated
by the above processes were to be considered accurate. Non-English language
papers were only to be included in this
crosschecking process if translated copies
were available.

RESULTS
Review Selection and Identiﬁcation

T

he initial search yielded 2070
citations. Following application
of the inclusion/exclusion criteria
to each citation’s title and abstract, this
number was reduced to 13. After viewing full texts and reaching consensus,
the ﬁnal yield was 10 reviews. Only 1
discrepancy existed during the selection
of reviews, and this was the failure to include the review by Bolga et al10 by 1 of
the 2 reviewers selecting trials. After application of the quality assessment scale,
3 systematic reviews12,23,41 were retained
as high-quality reviews. These were all
Cochrane reviews covering the topics of
therapeutic ultrasound, exercise therapy,
and orthotic devices for the treatment of
PFPS.
Quality Assessment Scale Validation and
Methodological Quality A breakdown of

scores and associated reliability statistics
for all 13 ﬁnal criteria, the ﬁnal 13-item
scale scores, and the original 15-item
scale scores for each of the 10 systematic
reviews are in TABLE 3. Application of the
modiﬁcations to the original 15-item criteria did not have a signiﬁcant impact on
the reliability of the scale, or the order in
which the reviews were rated related to
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[

LITERATURE REVIEW

]

Breakdown of Scores and Subsequent Reliability Statistics Among the 3
Primary Reviewers for Each Criterion on Each of the 10 Systematic Reviews*

TABLE 3

Criteria
Review

1

2

3

4

5

6

7

8

9

10

11

12

13

Total (Final 13)

Total (Original 15)

D’Hondt23

2

2

2

2

2

2

2

2

2

2

2

2

2

26

30

Heintjes41

2

2

1

2

2

2

2

2

2

2

2

2

1

24

28

Brosseau12

2

2

2

1

2

2

1

2

2

2

2

2

2

24

28

Bizzini9

1

2

2

2

0

1

2

0

2

0

0

1

1

14

20

Crossley20

2

1

2

2

2

1

0

0

0

0

1

1

0

12

14

Aminaka2

1

1

0

1

0

2

2

0

2

0

0

1

0

10

16

Overington60

2

1

0

0

0

0

0

2

2

0

0

0

0

8

13

Bolga10

1

1

0

0

0

1

1

0

0

0

2

2

0

8

12

Harrison37

1

1

2

0

0

1

0

0

0

0

0

0

2

7

11

Selfe70

2

2

0

0

0

0

0

0

0

0

0

0

0

4

7

80
0.73

80
0.73

70
0.67

60
0.58

100
1.00

70
0.58

80
0.72

90
0.86

100
1.00

100
1.00

90
0.88

80
0.80

80
0.71

30
0.96 (0.88-0.99)

20
0.95 (0.87-0.99)

Percent agreement
Reliability†

* Scoring: yes, 2; in part, 1; no, 0.
†
Weighted L reported for each individual criteria, and ICCs (3,1) with 95% conﬁdence intervals in brackets reported for total ( ﬁnal 13) and total (original 15).

their quality. The only change was that
the review by Crossley et al20 moved up
to the ﬁfth highest rank (from sixth) and
Aminaka2 subsequently moved down to
sixth (from ﬁfth). Percentage agreements
for the ﬁnal 13 criteria ranged from 60%
to 100%, with an overall agreement of
83%. Kappa statistics for the ﬁnal 13 criteria ranged from 0.58 to 1.00, indicating
moderate to excellent agreement between
the 3 primary reviewers. Full agreement
regarding consensus was reached on all
criteria, and disagreement was primarily
a result of reading errors.
Overall score ranges for the 3 systematic reviews randomly chosen for
additional scale validation across all 9
reviewers (consensus score of 3 primary
reviewers and 8 additional reviewers)
without the addition of criterion 5 (inclusion of non-English papers), were 21
to 24 for D’Hondt,23 5 to 16 for Overington,60 and 2 to 8 for Selfe.70 The median
and mode scores from all reviewers were
24 and 24, respectively, for D’Hondt,23 7
and 7, respectively, for Overington,60 and
5 and 4, respectively, for Selfe.70 Percentage agreements of the 8 reviewers with
the consensus score across the 3 papers
for the 12 criteria (ie, not including item
5) ranged from 67% to 92%, with an over-

all percentage agreement of 82%. The
average agreement across the 12 criteria
was 93% for D’Hondt,23 69% for Overington,60 and 83% for Selfe.70 All individual
criteria median and mode scores (from
the consensus score and 8 additional reviewers) for the 12 items (not including
item 5) across all 3 papers were identical
to the consensus scores.

Methodology Summary for Included
Reviews
The
following
databases
were
used by the 10 included reviews:
MEDLINE, 2,9,12,20,23,37,41,60,70
EMBASE,12,41,70 SPORTDISCUS,2,12,70 CINAHL,2,9,12,20,23,37,41,70 Web of Science, 9
Cochrane Database of Systematic Reviews,9 Cochrane,12,23,41,70 HealthSTAR,12
PEDro,12,20,41,70 Current Contents,12,20
Biological Abstract databases,37 Pubmed
(clinical queries component),37 AMED,60,70
EBSCO Health Databases (limits clinical
trial),60 Cochrane Musculoskeletal Injuries Group,41 Cochrane Rehabilitation and
Related Therapies Field specialized registers,41 Cochrane Controlled Trials Register,41,70 Cochrane Library Reviews,70 and
Cochrane Library Protocols.70 Inclusion/
exclusion criteria used in the systematic
reviews can be found in TABLE 4.

Five reviews reported using 2 independent reviewers during trial
selection,2,12,32,41,60 2 reported only 1 reviewer,20,70 and 3 did not report the number of reviewers used.9,10,37 Five out of 10
reviews reported effect sizes,10,12,20,23,41 and
6 of the 10 reviews used validated quality assessment scales to critique included
studies.2,9,12,23,41,60 Quality assessment
scales included versions of the Cochrane
Musculoskeletal Injuries Group methodological scale,12,23,41 the PEDro scale,2,60
and a speciﬁcally developed scale related
to PFPS studies.9

High-Quality Systematic Reviews
No homogenous systematic reviews were
identiﬁed (ie, covering the same interventions for PFPS), making any pooling or
meta-analysis inappropriate. Included
high-quality systematic reviews covered
the following areas of nonpharmacological conservative treatment: exercise therapy, therapeutic ultrasound, and foot and
knee orthoses.

Exercise Therapy
From the initial 750 titles and abstracts
identiﬁed in the systematic search by
Heintjes et al,41 16 studies met their initial inclusion criteria. A further 4 stud-
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TABLE 4

Selection Criteria Used in the
Included Systematic Reviews

Inclusion Criteria

Studies

Types of studies
Related to patellofemoral joint taping

2

RCTs/quasi-RCTs

9,12,23,41

Controlled clinical trials

20,41

Any paper related to PFPS

37

Any paper related to patellofemoral taping and PFPS

60

Types of participants
Participants described or diagnosed as having PFPS

2,9,10,12,41

Participants described as having anterior knee pain

2

Symptom provocation by increased patellofemoral load

23

Adolescents and adults

12,41

Types of interventions
Conservative interventions

9

Exercise based intervention with minimum 4-wk duration

10

Exercise aimed at increasing knee extensor strength

41

Therapeutic ultrasound

12

Patellofemoral orthoses

23

Foot orthoses

23

Types of outcome measures
Pain measures

2,12,23,41

Functional measures

12,23,41

Patient satisfaction

23,41

Complications

23

Neuromuscular control

2

Strength measures

2,12

Articular mobility

12

Electromyography

2

Proprioception

2

Patellar positioning

2

Adequately described outcome measure
Exclusion Criteria

20

Studies

Types of studies
Non RCTs

9,12

Retrospective studies

41

Types of participants
Studies involving only healthy participants

2

Articular pathology/osteoarthritis

2,37

Patella tendonitis/tendonopathy

2,37

Fat pad impingement/bursitis

37

Patellar subluxation/dislocation

2,41

Other knee conditions/pathology

2,41

Symptom onset related to previous trauma

23

Knee effusion

23

Surgical participants

9,23,37

Imaging studies

37

Types of interventions
Surgical interventions

20,37

Pharmacological interventions

20

Abbreviations: PFPS, patellofemoral pain syndrome; RCTs, randomized controlled trials.

ies were subsequently excluded from the
review: Beetsma5 and Eburne25 due to
lack of description of procedures and outcomes, Kowall48 because both treatment
groups performed the same exercise and
the objective of the study was to evaluate the effectiveness of additional taping,
and Roush67 due to inclusion of patients
with Osgood-Schlatter disease and plica
syndromes. The 12 remaining studies
comprised a total of 697 patients, with
equal numbers of males and females, and
an age range between 11 and 65 (average,
24) years. Heterogeneity between highquality studies for intervention comparisons, outcome measures, and assessment
times was evident, making statistical
pooling and meta-analysis inappropriate. The studies and results identiﬁed in
the literature by Heintjes et al41 are outlined in TABLE 5. All reported conclusions
and statistical analysis by the authors
were validated by the crosschecking process, except for the inclusion of 1 paper
(Steine71), which contained participants
with a history of patellar dislocations
(part of Heintjes41 exclusion criteria).
The authors concluded that there is
some limited evidence that exercise reduces pain in individuals with PFPS and
that such exercise may be considered for
treatment.41 In regard to exercise choice,
the authors concluded that weight-bearing exercises provide equivalent results
to non–weight-bearing exercises in pain
reduction and functional improvement.41
However, Heintjes et al41 acknowledge
that the studies upon which their conclusions were based were inadequately
powered due to small sample sizes. This
would make it difficult to detect any differences between exercise treatment
groups and increases the potential for
type II error.41

Therapeutic Ultrasound
The systematic search by Brosseau et al12
yielded 85 possible references. Of those,
only 8 initially appeared to meet the inclusion criteria. However, after analysis
of the full text, only the randomized controlled trial by Antich3 remained. The
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TABLE 5

LITERATURE REVIEW

]

Studies and Findings Identified in the Literature by Heintjes et al41

Study

Quality/Type of Study

Reported Findings

Clark17

High-quality RCT

No signiﬁcant difference between exercise and no exercise groups in pain reduction at 3 mo, or 12 mo (based on means per time-point
calculations). Signiﬁcantly more exercise participants discharged due to treatment satisfaction (number need to treat calculated at 3)

Timm75

Low-quality RCT

Pain halved and functional ability drastically improved after 4 wk with a Protonics device and daily exercise compared to no intervention

McMullen55

Low-quality CCT

Greater functional improvement with static exercise compared to isokinetic exercise at 4 wk. Minimal signiﬁcant functional improvement for
both exercise forms compared to waiting list controls and no signiﬁcant difference in pain levels across all groups at 4 wk

Witvrouw80

High-quality RCT

Signiﬁcant improvements in pain and function for NWB and WB exercise, but no signiﬁcant differences between the groups

Wijnen77

High-quality RCT

No signiﬁcant difference between NWB/Couman’s bandage and WB/taping (McConnell) for improvements in pain or function at 6 wk, but the
WB/taping group had signiﬁcantly greater patient satisfaction

Gaffney32

Low-quality RCT

No signiﬁcant differences in pain or function between NWB and WB groups

Colon18

Low-quality RCT

No differences in pain reduction between an NWB (isometric straight leg raises) and a WB (pogo stick) group

Stiene71

Low-quality CCT

Signiﬁcantly better function (step up test) post intervention in WB exercise compared to NWB exercise group. However, groups also had
signiﬁcantly different baseline measures

Harrison39

Low-quality RCT

Signiﬁcant improvement in Patellar Function Scale in all 3 groups (Home exercise – stretching and education; supervised exercise – stretching and education; and extensive physiotherapy program including taping), but no difference between groups at 3, 6, and 12 mo

Thomee73

Low-quality RCT

Signiﬁcant reduction in frequency of pain in isometric and eccentric exercise groups at 3 and 12 mo, but no difference between groups

Dursun24

Low-quality RCT

No signiﬁcant difference in outcomes exercising with and without EMG biofeedback

Gobelet33

Low-quality RCT

After 4 wk a signiﬁcant improvement in Arpege score in a group receiving isokinetic training and electrostimulation, but not in a group receiving isometric proprioceptive and stretching exercises

Abbreviations: CCT, controlled clinical trial; EMG, electromyography; NWB, non–weight-bearing; RCT, randomized controlled trial; WB, weight-bearing.

other 7 trials were excluded for the following reasons: Chan15 had a sample of
healthy people and no clinical outcomes;
Hasson,40 Oosterveld,59 Reed,65 and Plaskett62 had samples of healthy people;
the study by Meyer56 did not use a randomized design; Bischoff8 did not have
a sample of individuals with PFPS, and
ultrasound was not used; and Thomee73
did not use ultrasound. The included randomized controlled trial (Antich3) contained a total of 54 participants. Antich3
reported no signiﬁcant improvements in
pain reduction in a group of participants
receiving ultrasound and ice massage
compared to a group receiving cryotherapy (ice bags).
The crosschecking process indicated
that reported conclusions and statistical
analyses of Antich et al’s3 paper by Brosseau et al12 were not valid. Peto odds ratios
and absolute differences were reported to
support conclusions made. However, Antich et al’s3 paper did not report the number of patients who improved (required
to calculate an odds ratio) and, instead,

reported the average improvements. Using these averages to calculate odds ratios
matches the statistics reported by Brosseau et al.12 Absolute differences were calculated based on 13 knees in both groups.
However, there were 16 knees in the
cryotherapy group. Using this number
produces an absolute difference of 25%
between groups and not 15% as reported
by Brosseau et al.12
In regard to the use of therapeutic
ultrasound, Brosseau et al12 concluded
that there is insufficient evidence to support the recommendation of ultrasound
for treating patellofemoral pain syndrome. However, the limited number of
participants and the poor methodological quality in the paper by Antich et al3
raise questions as to the validity of these
conclusions.

Foot and Knee Orthoses
The systematic search by D’Hondt et al23
initially identiﬁed 15 trials. Four studies
were excluded for the following reasons:
Beetsma5 used a small study population

that prevented randomization, BenGal6
assessed orthoses as a preventative measure, Hoefsloot44 did not mention the
use of a randomization procedure, and
Moller58 evaluated 2 different pathologies without separate analyses. A further
6 studies were categorized as studies
awaiting assessment. The studies by Arcand,4 Eng,27 Finestone,31 Eburne,25 and
Kowall48 were considered to have inadequate statistical data to be considered
for pooling, while no reason was given to
exclude the study by Handﬁeld.36 Heterogeneity between studies made statistical
pooling and meta-analysis inappropriate.
The studies and results identiﬁed in the
literature by D’Hondt et al23 are outlined
in TABLE 6. Reported conclusions and statistical analysis by the authors were validated by the crosschecking process.
D’Hondt et al23 concluded that the
strength of retrieved evidence is limited,
and as such it is inappropriate to make
any clinical recommendation concerning the use of knee and foot orthoses in
the conservative management of PFPS.23
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TABLE 6

Studies and Findings Identified in the Literature by D’Hondt et al23

Study

Type of Study

Reported Findings

Wijnen77

RCT

No signiﬁcant difference between NWB/Couman's bandage and WB/taping (McConnell) for improvements in pain or function at 6 wk, but
there was a trend towards more effective pain reduction and functional improvement in the McConnell group. McConnell group had
signiﬁcantly greater patient satisfaction

Miller57

RCT

No signiﬁcant difference in pain or motivation between groups receiving a Palumbo brace, a Cho-pat strap or no brace

Timm75

RCT

Signiﬁcant reduction in pain, and improvement in function (Kujala scale) in a group receiving a Protonics brace and exercise compared to no
treatment

Harrison39

RCT

Signiﬁcant improvement in Patellar Function Scale in all 3 groups ([1] home exercise: stretching and education; [2] supervised exercise:
stretching and education; and [3] extensive physiotherapy program, including taping), but no difference between groups at 3, 6, and 12
mo. Signiﬁcantly better worst and usual pain reduction and functional Index Questionnaire at 4 wk in group 3 compared to group 2 (ie,
addition of taping and biofeedback was superior)

Gaffney32

RCT

No signiﬁcant difference between groups for pain or function at 6 wk

Abbreviations: NWB, non–weight-bearing; RCT, randomized controlled trial; WB, weight-bearing.

D’Hondt et al23 reported some limited
evidence for the following: a comprehensive exercise program, combined
with tape, to improve worst pain, usual
pain, and function questionnaire scores
compared to a monitored program without taping at a 4-week follow-up; use of a
Protonics brace and exercise to decrease
pain and improve function at a 6-week
follow-up, compared to no treatment;
and no difference in outcome between
using a Palumbo brace, Cho-pat strap,
or no brace after 3 weeks.23 However,
D’Hondt et al23 acknowledge this latter
report of no difference lacks sufficient
power to be considered conclusive due to
methodological ﬂaws and low participant
numbers in the included study.23

DISCUSSION
Quality of Methodological Design

D

espite an extensive body of
literature on PFPS, only 3 highquality systematic reviews related
to nonpharmacological interventions
were identiﬁed. All 3 reviews considered
to be high quality were Cochrane reviews,
scoring between 24 and 26 (out of a total
possible score of 26) on the quality assessment scale. A high-quality systematic
review should avoid bias in the search for
original evidence, evaluate the quality of
and critique ﬁndings of included studies,

and assist development of evidence-based
guidelines.34 The developed scale for assessing quality was designed to address
all these issues. While the Cochrane Collaboration systematic reviews adhered
to all these principles, the remaining
reviews did not. The highest score of a
non-Cochrane review was 14, with the
average score of the remaining 7 reviews
being 9. However, we acknowledge that
not all were portrayed as being systematic reviews. This does not imply that
they do not provide beneﬁcial information to the reader; however, their conclusions should be considered with caution,
and it indicates that greater diligence in
methodological design is required in future systematic reviews.
Search methods were generally well
documented, with all reviews scoring at
least an “in part” (1) score. This is not surprising because part of the inclusion criteria required the search strategies of the
selected manuscripts to be “documented
and reproducible.” All included reviews
searched at least 3 databases (scoring at
least “in part”), indicating that electronic
searching was adequate. However, lowerquality reviews generally scored poorly in
regard to alternative searches, ranges of
keywords, and inclusion of non-English
papers (items 3-5). This would indicate
that 1 of the key discriminating factors between high- and low-quality reviews was

the comprehensiveness of their search
strategies. Reproducibility of inclusion/
exclusion criteria (criterion 6) scored at
least “in part” for 8 of the 10 reviews, indicating that this methodological design
aspect was generally well documented.
However, only 4 of the 10 reviews scored
full marks for the adequacy of their inclusion and exclusion criteria (criterion 7).
This would indicate the majority of the
reviews did not adequately address diagnosis of PFPS or the exclusion of other
sources of knee pathology, limiting the
external validity of applying any reported
ﬁndings to individuals with PFPS.
Only 52,12,23,41,60 of 10 reviews (2 nonCochrane reviews) reported using 2 independent reviewers during trial selection
(criterion 8). Using only 1 reviewer for the
selection process may lead to inclusion
bias, even when applying well deﬁned
and reproducible inclusion/exclusion
criteria.61 Six2,9,12,23,41,60 of the 10 reviews
described and used validated quality assessment scales to critique included studies (criterion 9). The 410,20,37,70 that did not
were in the bottom 5 scoring reviews, indicating that these criteria were important in discriminating between high- and
low-quality reviews. This methodological
weakness found predominantly in lowerquality reviews may lead to conclusions
that are insufficiently supported by the
evidence.
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Interestingly, only the 3 Cochrane
reviews12,23,41 conducted meta-analysis
or discussed limitations related to their
ﬁndings associated with this process
(criterion 10). This would indicate that
this criterion could be considered an excellent indicator to distinguish between
high- and low-quality reviews. Effect sizes and conﬁdence intervals (criterion 11)
were reported in only 210,20 of the 7 nonCochrane reviews. This lack of reporting/
calculation limits both the authors’ and
readers’ ability to make conclusions based
on the strength of each study’s ﬁndings.
This may lead to conclusions that are insufficiently supported by the evidence.61
Seven2,9,10,12,20,23,41 of the 10 reviews
used at least some statistical analysis
(either their own secondary analysis or
by reporting those conducted by the included studies) upon which to base their
conclusions (criterion 12). This would
appear to distinguish the lowest-quality
reviews from the rest with 337,60,70 of the
4 lowest-quality studies scoring zero for
this criterion. Only 312,23,37 of the 10 reviews graded their ﬁndings according to
predetermined levels of evidence (criterion 13), while 29,41 used their quality assessment scales to critique ﬁndings when
comparing interventions. Only the 3 Cochrane reviews scored at least 1 “yes” and
1 “in part” (3/4) when criteria 12 and 13
were combined. This would indicate the
combination of these 2 criteria was able
to identify a high-quality review.

Validation of the Quality Assessment
Scale
The current scale was similar in design to
a scale previously used in systematic reviews of systematic reviews45,50 developed
by Hoving et al.45 However, the current
scale is more comprehensive in its assessment of quality. It was intended to be
more rigorous in evaluating the comprehensiveness of a review’s search strategy
(criteria 2-5), with 4 items in the current
scale compared to 1 in the scale by Hoving et al.45 The current scale included
criteria speciﬁc to the systematic review
question (criteria 4 and 7), including the

LITERATURE REVIEW
adequacy of key words and inclusion of
potential studies based on their PFPS diagnosis. The current scale also included
an item related speciﬁcally to the inclusion of a criterion addressing the use of
predetermined levels of evidence to base
conclusions on (criterion 13). These additions all exhibited an ability to differentiate between higher- and lower-quality
reviews, validating their importance in a
scale to assess the quality of a systematic
review. Although the current scale was
speciﬁcally developed for PFPS, it could
be easily adapted for use in other topic
areas by alterations to criteria 4 and 7.
The ﬁnal 13-item developed scale was
found to have moderate to excellent reliability for each individual criteria (L
between 0.58 and 1.00 and overall agreement of 83%), which was comparable to
the previously developed scale by Hoving
et al (L between 0.66 and 0.94 and overall agreement of 84%).45 These results,
combined with the excellent reliability of
the overall score (ICC3,1 = 0.96) from the
ﬁnal 13 items, indicates that the scale was
appropriate for use in the current systematic review.
Median and mode scores from the 8
new reviewers were almost all identical
to the original consensus scores by the
3 primary reviewers when applying the
12 criteria retained from the original 15item scale. Only the median score for the
paper by Selfe70 differed, and this was by
just 1 point (5 compared to 4). Despite
this close resemblance, ranges for the
total scores of the lower quality reviews
were quite wide (5-16 and 2-8). These differences may be due to differing criteria
interpretations or missed information
while reading the reviews, and illustrate
the importance of multiple reviewers
independently applying quality assessment scales and completing a consensus
process to produce the most accurate
scores. Individual criteria percentage
agreement scores across the 3 papers
ranged from 67% to 92%, with the average across all 3 papers being 80%. This
would indicate that people of variable
academic backgrounds were able to ap-

]
ply all criteria with reasonable accuracy.
When evaluating the medians and modes
for each item across the 3 papers, the importance of multiple reviewers is evident.
Every median and mode score across all
items from all 3 papers matched that of
the consensus score from the 3 primary
reviewers. These results indicate that the
current quality assessment scale is likely
to produce similar results when applied
by multiple reviewers who have not received training or further instruction, regardless of professional background.

Crosschecking of High-Quality Reviews
Although all 3 Cochrane reviews were
considered to be of high quality on the
quality assessment scale, crosschecking identiﬁed possible weaknesses in
the application of their methodological
design. The paper by Steine71 included
in Heintjes et al’s41 Cochrane review included participants with patellar dislocation, which was part of Heintjes et al’s41
exclusion criteria. Crosschecking the only
paper (Antich3) included in Brosseau et
al’s12 Cochrane review would indicate that
patients with patellar tendonitis were included in Antich’s3 study, which does not
ﬁt the PFPS diagnosis. It would also appear that statistics reported by Antich3
may have been misinterpreted by Brosseau et al,12 or alternatively (although not
mentioned), they might have received additional statistical information. Despite
numerous attempts, we were unable to
contact the authors of this review to seek
clariﬁcation.
The crosschecking process would indicate that although a scale can be designed
to evaluate the quality of each systematic review’s methodological process, it
is difficult to evaluate the accuracy of the
reviewers in carrying out this methodological process. This poses problems for
the clinician, as to identify such processing
ﬂaws takes substantial time and effort in
crosschecking reported results against the
original papers in the systematic review.
A systematic review is designed to save
the reader time, allowing the reader to efﬁciently ﬁnd the answers without trying to
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decipher and critique ﬁndings from multiple research papers.69 Thus, if clinicians
are required to crosscheck for the accuracy
of what they are reading, the purpose of
producing a systematic review is lost.

Scope of Reviews and Overview of
Evidence
Identiﬁed high-quality systematic reviews
have covered therapeutic ultrasound, knee
and foot orthoses, and exercise therapy for
the treatment of individuals with PFPS.
However, the most recent of these highquality systematic reviews covered literature only to December 2001. According to
the Cochrane handbook, “it is Collaboration policy that reviews should either be
updated within 2 years or should have a
commentary added to explain why this is
done less frequently.”43 Around 6 to 7 years
has passed since all 3 Cochrane reviews
were published and an update has not yet
taken place. In an area that is heavily researched, this would indicate an update in
all areas of nonpharmacological conservative treatment is more than warranted.
There would appear to be no highquality systematic reviews currently within the literature addressing 1 of the most
frequently used interventions of patellar
taping. Two of the 10 reviews addressed
patellar taping, but their methodological
design quality scores were 10 (Aminaka2) and 8 (Overington60), meaning that
they were not considered of high-quality
evidence. However, there has been a recent protocol submission to Cochrane to
conduct a systematic review on patellar
taping.14

Research Implications
Updated high-quality systematic reviews
in all areas of nonpharmacological conservative treatments for PFPS are needed. In the future, it is recommended that
systematic reviews related to PFPS follow
stringent standards that have been outlined in the current quality assessment
scale. This will ensure that any conclusions made in future reviews will be unbiased and provide the reader conﬁdence in
any conclusions made or evidence-based

guidelines developed from the reviews. 34
An important ﬁnding of this systematic review was that there was a large
degree of heterogeneity among included
studies and inadequately powered studies
in the 3 high-quality systematic reviews.
Heterogeneity and inadequate power was
generally caused by methodological ﬂaws
in lower-quality studies and low participant numbers.23,41 Unless these issues are
addressed in future clinical trials, recommending more updated high-quality
systematic reviews is futile, as development of clinical guidelines based on future reviews will remain too difficult.
Therefore, it is recommended that future
clinical trials evaluating nonpharmacological interventions for PFPS adhere to
methodological standards reﬂected in the
CONSORT statement.1
Adequate comparison among trials
of different interventions for PFPS, and
pooling for meta-analysis in the future
will also require greater consistency in
use of outcome measures and assessment
times among trials. Therefore, it is recommended that secondary to following
the CONSORT statement, future trials
should also attempt to provide both shortterm (eg, immediately post intervention)
and long-term (eg, 12 months) followup of participants to ensure consistency.
Furthermore, to ensure consistency in
reporting of primary outcome measures
it is recommended that measures with
established reliability and validity for individuals with PFPS be used. Measures
with these qualities include pain visual
analogue scales,7,16,21,38 the anterior knee
pain scale,21,49,76 and the lower extremity
functional scale.76

CONCLUSION

T

he quality assessment scale
developed in this study was validated for use on PFPS systematic
reviews. The importance of using multiple assessors when applying the quality
assessment scale was illustrated in the
validation process. For future use of the
scale for other topic areas, it is recom-

mended that criteria 4 and 7 be modiﬁed
to make them topic speciﬁc. Crosschecking results would indicate that despite
having a high-quality methodological
design, mistakes can still be made in applying the methodology, potentially limiting the validity of a systematic review’s
ﬁndings. Therefore, great care needs to
be taken by those participating in future
systematic reviews.
Despite such a wide body of literature
on the topic of PFPS, there appears to be
a limited number of high-quality systematic reviews for nonpharmacological conservative treatments. Three high-quality
systematic reviews reported only limited
evidence for the use of various nonpharmacological conservative treatment
strategies for individuals with PFPS. A
summary of evidence included in previous high-quality systematic reviews is as
follows:
 Ma^k^ bl lhf^ ebfbm^] ^ob]^g\^ maZm
exercise reduces pain in individuals
with PFPS
 Ma^ ^ob]^g\^ bg]b\Zm^l maZm ghgÈ
weight-bearing and weight-bearing
exercises are equally effective in the
treatment of PFPS. However, previous
studies in this area have been inadequately powered due to small sample
sizes, and heterogeneity among studies
did not allow data pooling to improve
power through meta-analysis. Therefore, the current evidence should be
considered inconclusive
 Ma^k^blgh^ob]^g\^h_\ebgb\Zeerbfportant beneﬁts of ultrasound for
treating PFPS. However, methodological ﬂaws and the small sample
size in the single study investigating
ultrasound means current evidence is
inconclusive
 Ma^k^blgh^ob]^g\^_hkma^nl^h__hhm
and/or knee orthoses. However, previous studies have been inadequately
powered due to small sample sizes,
and heterogeneity among studies did
not allow data pooling to improve
power through meta-analysis. Therefore the current evidence should be
considered inconclusive
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 Ma^k^ bl lhf^ ebfbm^] ^ob]^g\^ maZm
a comprehensive exercise program,
combined with tape, improves worst
pain, usual pain, and functional questionnaire scores compared to a monitored program without taping at a
4-week follow-up
 Ma^k^ bl lhf^ ebfbm^] ^ob]^g\^ maZm
the use of a Protonics brace and exercise compared to no treatment decreases pain, and improves function at
a 6-week follow-up
 Ma^k^bllhf^ebfbm^]^ob]^g\^mhbgdicate there is no difference when using a Palumbo brace or Cho-pat strap
compared to no brace after 3 weeks.
However, the study that evaluated
these braces was inadequately powered due to small sample size, meaning
this current evidence is inconclusive
Unfortunately, these review ﬁndings
appear outdated, covering literature only
until the year 2001. Therefore, highquality updates of the included systematic reviews combined with high-quality
systematic reviews covering various other topics, including patellar taping, are
needed. T
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2.3 The efficacy of foot orthoses in the treatment of
patellofemoral pain syndrome: a systematic review
The second systematic review [59] identified only one high-quality systematic review
which evaluated foot orthoses for individuals with PFPS; a Cochrane review published
by D’Hondt et al [54] in 2002. Results from the review led the authors to conclude that
it would be inappropriate to make any clinical recommendation concerning the use of
foot orthoses in the conservative management of PFPS [54]. Considering the absence of
evidence to support foot orthoses prescription, and the time since the literature search
was completed in this systematic review (December 2001) [54], an up-to-date
systematic review evaluating the efficacy of foot orthoses for individuals with PFPS
was indicated.
The second systematic review [59] also identified a number of methodological
limitations in previous systematic reviews, which would need to be considered and
addressed in any subsequent systematic review. To facilitate this, the quality assessment
scale devised in the second systematic review [59] was used to guide the design of the
third systematic review. The third systematic review evaluates all available evidence for
foot orthoses prescription when treating individuals with PFPS. Specifically, it was
designed to: (i) summarise and critique the existing evidence for the use of foot orthoses
in the treatment of PFPS; (ii) summarise and discuss evidence for proposed mechanisms
that may contribute to the effectiveness of foot orthoses in individuals with PFPS; and
(iii) provide guidance for future research evaluating the efficacy of foot orthoses in the
treatment of PFPS.
This systematic review has been published as:
Barton CJ, Munteanu SE, Menz HB, Crossley KM. The efficacy of foot orthoses in the
treatment of patellofemoral pain syndrome: a systematic review. Sports Medicine 2010;
40:377-395.
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Abstract

Patellofemoral pain syndrome (PFPS) is a highly prevalent condition,
often reducing functional performance and being linked to osteoarthritis
development later in life. Prescribing foot orthoses is often advocated, although the link between foot mechanics and PFPS development remains
unclear. This systematic review was conducted to summarize and critique
the existing evidence for the efficacy of foot orthoses in individuals with PFPS
and to provide guidance for future research evaluating foot orthoses in
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individuals with PFPS. A comprehensive search of MEDLINE, EMBASE,
CINAHL and Current Contents revealed 138 citations for review. Two of
the authors independently reviewed and assessed each citation for inclusion
and quality using a modified version of the quality assessment scale for randomized controlled trials in PFPS designed by Bizzini and colleagues. A total
of seven studies were included in the final review. The review found limited
evidence that prefabricated foot orthoses may reduce the range of transverse
plane knee rotation and provide greater short-term improvements in individuals with PFPS compared with flat inserts. Findings also indicated that
combining physiotherapy with prefabricated foot orthoses may be superior to
prefabricated foot orthoses alone. Further research is now needed to establish
the mechanisms behind the efficacy of foot orthoses and to identify individuals with PFPS who are most likely to benefit from prescription of foot
orthoses. A comparison of the efficacy between prefabricated and customized
foot orthoses is also needed.

Patellofemoral pain syndrome (PFPS) is the
most common diagnosis of knee pain found
in orthopaedic[1,2] and sports medicine clinics.[3-5]
It is defined by the presence of pain in the retropatellar or peripatellar region during tasks that
increase patellofemoral joint (PFJ) loading.[6]
Aggravating tasks include walking, running, ascending/descending stairs/slopes, squatting, prolonged sitting and kneeling.[7,8] PFPS commonly
develops insidiously[8,9] and is frequently observed in adolescents and young adults.[8,10,11] The
condition has been reported to reduce functional
performance[12,13] and result in persistent symptoms for one in four individuals at a mean of
16 years following initial presentation.[14] Because
of the impact of PFPS on functional performance,
its potential to contribute to osteoarthritis development later in life[15,16] and its high prevalence
rate, the availability of effective management strategies is important to all healthcare practitioners.
The aetiology of PFPS is considered multifactorial, with both intrinsic and extrinsic factors
thought to contribute. Extrinsic factors may include excessive training load and/or inappropriate footwear.[8] Intrinsic factors can be divided
into local (around the knee), proximal (thigh, hip,
pelvis and trunk) and distal (foot and lower leg)
components.[8] One long-standing, intrinsic aetiological consideration in PFPS has been abnormal
motion of the foot. Tiberio[17] hypothesized that
excessive or prolonged pronation of the foot may
ª 2010 Adis Data Information BV. All rights reserved.

lead to increased tibial and femoral internal rotation, subsequently resulting in greater lateral PFJ
stress due to an increased knee valgus and quadriceps (Q) angle. However, evidence from studies
assessing the association of foot structure and
mechanics with PFPS is equivocal. While some
case-control studies have reported increased
foot mobility[18] and a more valgus rear foot in
relaxed stance[19] in individuals with PFPS, others
have reported no significant difference in foot
posture.[20-22] Dynamically, increased rear foot
eversion at heel strike and delayed timing of peak
rear foot eversion in individuals with PFPS has
been observed during walking[23-25] and running.[20,26] In contrast, prospective studies investigating the relationship of the foot with PFPS
development have failed to confirm posture
or function of the foot as an independent risk
factor.[27,28]
The equivocal nature of previous research
evaluating the association of the foot with PFPS
development may be due to the multifactorial
nature of the condition. It may be that there are
subgroups of people in whom foot and ankle
characteristics have contributed to PFPS development. However, other subgroups may have
greater contributions from more proximal characteristics such as alignment and/or functional
deficiencies of the hip and PFJ itself.[7,29] Based
on the belief that foot orthoses may correct more
proximal alignment and functional deficiencies
Sports Med 2010; 40 (5)
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(i.e. increased tibial/femoral internal rotation and
associated Q angle) in the presence of abnormal
foot motion, their provision continues to be advocated in journal literature[7,29] and sports medicine texts.[8]
Although correction of abnormal lower limb
internal rotation in the presence of excessive
pronation is the long-standing hypothesis for the
mechanism of foot orthoses effectiveness,[7,29] the
validity of this hypothesis remains unclear.[30,31]
More recently, alternative hypotheses for the
efficacy of foot orthoses in PFPS treatment have
been proposed, including enhanced activation of
the vasti and gluteal musculature as a result of
improved plantar cutaneous afferent feedback,[32]
and reduced lower limb muscle activity and joint
moments through to enhanced footwear comfort
and facilitation of preferred movement pathways.[33]
We recently identified the need for an up-todate systematic review evaluating the efficacy
of foot orthoses in the treatment of PFPS.[34]
Therefore, the aim of this systematic review was
to: (i) summarize and critique the existing evidence for the use of foot orthoses in the treatment
of PFPS; (ii) summarize and discuss evidence for
proposed mechanisms that may contribute to the
effectiveness of foot orthoses in individuals with
PFPS; and (iii) provide guidance for future research evaluating the efficacy of foot orthoses in
the treatment of PFPS.
1. Methods
1.1 Inclusion and Exclusion Criteria

Studies evaluating foot orthoses in the treatment of individuals with PFPS without language
restriction were considered for inclusion. The inclusion criteria required participants to be described as experiencing: retropatellar, peripatellar, or
patellofemoral pain; anterior knee pain; patella
or patello-femoral dysfunction; chondropathy;
or chondromalacia patellae. Studies that reported inclusion of participants with concomitant
injury or pain from structures other than the PFJ
were excluded. This included internal derangement, knee ligament insufficiency, previous knee
surgery, patellar tendinopathy, Osgood Schlatª 2010 Adis Data Information BV. All rights reserved.
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ter’s disease, fat pad inflammation or PFJ instability. Non-peer-reviewed and single-participant
design publications were also excluded. Outcome
measures of interest included: (i) symptom reduction including pain and stiffness; (ii) function including functional outcome measures, disability
and ability to complete functional tasks (e.g.
ascend/descend stairs, run, squat, etc.); (iii) patient
satisfaction; and (iv) lower limb alignment, kinematics, kinetics, muscle activity, ease of functional tasks and footwear comfort.
1.2 Search Strategy

MEDLINE, EMBASE, CINAHL and
Current Contents electronic databases were searched without language restriction in December
2008. A search strategy with keywords related
to diagnosis was taken and modified from the
Cochrane systematic review on exercise therapy
for PFPS.[35] This was used in all databases. To
narrow the search, the following keywords were
explored in database search tools: ‘orthotic’,
‘orthoses’ and ‘orthosis’. The search strategy and
results are reported in table I.
The Cochrane Musculoskeletal Injuries Group
register, Cochrane Database of Systematic Reviews
and PEDro were searched following the initial
database search using the keywords ‘patella’, ‘patellofemoral’, ‘anterior knee pain’ and ‘chondromalacia patellae’. Following electronic searches,
references of included studies were screened for
additional relevant studies. A cited reference search
in PubMed for each of the authors’ studies found
was conducted and the terms ‘patellofemoral pain
syndrome’, ‘anterior knee pain’ and ‘chondromalacia patellae’ were searched in the Web of Science.
1.3 Review Process

All titles and abstracts found were downloaded into Endnote version 9 (Thomson Reuters,
Philadelphia, PA). The set was cross-referenced
and any duplicates were deleted. Each title
and abstract was evaluated and reviewed independently for potential inclusion by two of the
authors (CJB and SEM) using a checklist developed from the inclusion/exclusion criteria. If insufficient information was contained in the title
Sports Med 2010; 40 (5)
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Table I. Search strategy and results from each included database
Keywords

MEDLINE

EMBASE

Current
contents

CINAHL

Arthralgia/ or pain, mp

317 517

313 234

170 210

75 714

40 800

10 719

0

15 051

5 724

1 676

0

3 565

581

541

524

200

{(patell$ or femoropatell$ or femoro-patell$ or retropatell$) adj [pain or syndrome
or dysfunction]}, mp

1 160

1 150

802

970

{(lateral compression or lateral facet or lateral pressure or odd facet) adj [pain or
syndrome or dysfunction]}, mp

17

17

8

378

839

251

Knee joint/ or knee/ or patella/
1 and 2
Anterior knee pain, mp

{(chondromalac$ or chondropath$) adj [knee$ or patell$ or femoropatell$ or
femoro-patell$ or retropatell$]}, mp
or/3–7

6 734

3 642

1 339

Orthotica

1 203

1 310

619

3 592

Orthosesa

1 490

3 261

899

3 636

Orthosisa

5 115

3 351

1 050

3 620

or/9–11

1 490

4 505

1 980

3 865

77

57

37

68

8 and 12
a

87 200

Keywords explored using the search tools for each database.

mp = title, original title, abstract, name of substance word, subject heading word.

and abstract to make a decision on a study, it was
retained until the full text could be obtained
for evaluation. Any disagreements regarding the
studies were resolved by a consensus meeting
between the two authors. If this failed to resolve the
issue, the third author (HBM) was consulted to
evaluate the study of concern.
1.4 Quality Assessment of Reviews

Criteria for the quality assessment scale were
taken and modified from Bizzini et al.,[36] who
developed a quality assessment scale for randomized clinical trials (RCTs) for PFPS (please
see the appendix, Supplemental Digital Content
1, at http://links.adisonline.com/SMZ/A3). The
original scale was modified by simplifying the
scoring system from a 100-point scale to a 40point scale and applying more strict definitions to
scoring allocations. These modifications were
made to decrease the ambiguity of scoring allocations in an attempt to improve reliability of individual items that scored only moderate inter-rater
reliability (i.e. intraclass correlation coefficients
[ICCs] 0.50–0.75) in the original scale (particiª 2010 Adis Data Information BV. All rights reserved.

pant inclusion criteria, homogeneity between
groups and description of interventions).[36]
The item relating to the adequate number of
participants was also modified to improve its
validity. The original scale required at least
25 participants in each group to score full points.[36]
However, the authors of this review felt that the
inclusion of a sample size calculation was more
valid. Similar item weightings were retained from
the original publication.[36]
The modified scale consisted of 14 items divided into four components. The four components
included: participants, interventions, outcome
measures and data presentation and analysis,
with each containing a maximum allocation of
10 points. Whilst the original purpose of the scale
was to assess the quality of RCTs, it was applied
to all identified studies with the omission of irrelevant items for the various study designs (e.g.
homogeneity between groups was not applied to
studies containing only one group). This meant
that RCTs were scored out of 40, case series studies out of 36, clinical prediction rule studies out
of 26 and studies relating to effects on theoretical
mechanisms of efficacy out of 32. The modified
Sports Med 2010; 40 (5)
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scale was applied by two of the authors (CJB and
SEM) independently to each included study. Any
score differences were discussed until consensus
could be reached. If consensus could not be
reached, the third author was consulted to resolve
the issue (HBM).
The inter-rater reliability of the quality assessment scale was evaluated using percentage
agreement statistics for each individual item.
These data would normally be more suited to a
weighted kappa statistic. However, not all items
were applicable to all included studies, meaning
some items contained an inadequate number of
comparisons to validate the use of a weighted kappa
statistic (i.e. as low as two comparisons).[37] To
evaluate the inter-reliability of each of the four
components and the overall score, ICC2,1 and
percentage agreements were calculated.[37]
1.5 Data Extraction and Analysis

Study types (e.g. RCT), groups/comparisons
and sample sizes, population sources, primary
outcome measures, participant inclusion/exclusion criteria and participant age and sex were
extracted from each included study to assist the
interpretation of included findings.
Means and standard deviations for all baseline
and follow-up (i.e. immediate, short, medium
and/or long term) continuous data from each
study were extracted to allow effect size calculations (with 95% confidence intervals [CIs] and
significance using two-tailed t-tests without correction). If included studies had made corrections of
their statistical significance levels to account for
multiple comparisons, effect size CIs were adjusted accordingly (e.g. 99% CIs were used for
p < 0.01). Effect sizes and CIs were then entered
into forest plots to allow easy visual comparison.
Categorical data (i.e. success rate comparisons
between different interventions) were presented
and compared between studies using relative risk
reductions (RRR) and number needed to treat
(NNT) calculations. RRR calculations were also
entered into forest plots to allow visual comparison. If inadequate data were available from the
original studies to complete effect size or RRR
calculations, attempts were made via email and/
ª 2010 Adis Data Information BV. All rights reserved.
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or post to contact the authors of the studies for
additional data.
Determining the level of evidence available
from the current literature was based on a predetermined rating system, which has been used in
a previous PFPS systematic review.[35] The rating
system is outlined below (note that the definition
of an RCT included randomized clinical trials
that contained an alternative treatment rather
than a control group):
 Strong evidence: provided by generally consistent findings in multiple high quality RCTs.
 Moderate evidence: provided by generally
consistent findings in one high quality RCT
and one or more low quality RCTs, or by
generally consistent findings in controlled
clinical trials (CCTs – studies that contain a
control group but group allocation is not
randomized, e.g. use of a waiting list control).
 Limited evidence: provided by only one RCT
(either high or low quality) or generally consistent findings in CCTs.
 Conflicting evidence: inconsistent findings in
multiple RCTs and CCTs.
 No evidence: no CCTs or RCTs.
2. Results
The initial search yielded 138 citations. Following application of the inclusion/exclusion criteria to each citation, the number was reduced to
11,[38-48] and after viewing full texts, the final
yield was seven.[38-44] Two studies by Saxena and
Haddad[45,46] were omitted because they contained participants with degenerative joint disease,
iliotibial band syndrome and plica pathology;
Neptune et al.[47] was omitted because it contained
only asymptomatic participants; and MacLean
et al.[48] was omitted because it did not contain an
adequate case definition of PFPS. Consensus was
reached on all decisions independently by the two
authors without the need for a review by the third
author. The final yield included two randomized
clinical trials (i.e. contained an alternative comparison treatment as a control group),[38,44] three
case series studies,[40-42] one clinical prediction
rule study,[43] and one study on the effects of foot
orthoses on lower limb kinematics.[39] The quality
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Table II. Quality assessment score allocations for each included study, including subsequent inter-rater reliability for each item, component and overall score. A complete description of the scoring system related to the quality assessment scale can be found in the appendix (please see the Supplemental Digital Content)
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Table III. Participant characteristics for each included study
Study

Age (y)
[mean]

M/F (%)

Inclusion criteria

Exclusion criteria

Collins et al.[38]

18–40
[27.9]

44/56

18–40 y; anterior knee or retropatellar pain
>6 wk duration; pain of insidious onset; pain
provoked by at least two of prolonged sitting or
kneeling, squatting, running, hopping or stair
walking; tenderness on palpation of the
patella, or pain with step down or double
legged squat; worst pain in previous wk of at
least 30 mm on a 100 mm VAS

Concomitant injury or pain from the hip,
lumbar spine or other knee structures;
previous knee surgery; patellofemoral
instability; knee joint effusion; any foot
condition precluding the use of foot orthoses;
allergy to strapping tape; use of physiotherapy
or foot orthoses within the previous y; use of
anti-inflammatory drugs

Eng and
Pierrynowski[44]

13–17
[14.4]

Bilateral PFPS; adolescents F; duration of
signs and symptoms >6 wk; insidious onset
unrelated to trauma; retropatellar tenderness
on palpation, pain of patellar compression or
patellar crepitus; calcaneal valgus or forefoot
varus >6 in prone STJN

Previous physical therapy or orthotic
treatment; leg length discrepancies >1 cm;
known pathological or neurological disorders
that could affect gait pattern

Johnston and
Gross[40]

14–50
[25.4]

19/81

14–50 y; non-traumatic onset of anterior knee
pain of at least 2 mo duration; composite score
‡200/2400 on the WOMAC osteoarthritis
index; patellar facet tender on palpation; able
to walk without an assistive device for at least
10 m; able to perform an unsupported
unilateral squat to 45 knee flexion; active
knee range of motion of 0 extension
and 60 flexion; excessive foot pronation
(>9 calcaneal valgus and <141 longitudinal
arch angle in bilateral weight bearing)

NR

Pitman and
Jack[41]

11–64
[NR]

29/71

Anterior knee pain significantly affecting
athletic, vocational or avocational
performance; pain associated with or
preventing exercise; pain during running,
hiking, stair negotiation or prolonged sitting;
pain on medial patellar facet palpation;
‘miserable malalignment’ or excessive ‘Q’
angle (>10 in M or >15 in F); determination of
significant foot pronation at rest and/or during
a treadmill running evaluation

History of acute injury; other knee
abnormalities

Amell et al.[42]

NR
[28.4]

Bilateral PFPS; orthotics prescribed as
treatment; F

NR

Sutlive et al.[43]

18–40
[28.1]

18–40 y; retropatellar pain provoked by either
a partial squat or stair descent

Recent knee trauma; knee ligament laxity;
previous surgery; history of systemic or
neurological disease; reporting of stress
fractures or shin splints

Eng and
Pierrynowski[39]

13–17
[14.4]

Bilateral PFPS; adolescent F; duration of
signs and symptoms >6 wk; insidious onset
unrelated to trauma; retropetellar tenderness
on palpation, pain of patellar compression or
patellar crepitus; calcaneal valgus or forefoot
varus >6 in prone STJN

Previous physical therapy or orthotic
treatment; leg length discrepancies >1 cm;
known pathological or neurological disorders
that could affect gait pattern

0/100

0/100

70/30

0/100

F = female; M = male; NR = not reported; PFPS = patellofemoral pain syndrome; Q = quadriceps; STJN = subtalar joint neutral; VAS = visual
analogue scale; WOMAC = Western Ontario and McMaster Universities Arthritis Index.
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assessment of each included study, along with
the reliability analysis of the quality assessment
scale, is given in table II. Participant characteristics from each included study are outlined in
table III. Heterogeneity between study designs,
participant inclusion/exclusion criteria, type of
foot orthoses interventions, primary outcome
measures and timepoints used, and statistical reporting made meta-analysis and statistical pooling inappropriate.
Of the studies evaluating the medium to long
term (‡6 weeks) effectiveness of foot orthoses, the
RCT by Collins et al.[38] was the only study with
adequate data to complete effect size calculations. Their study investigated a general adult
PFPS population and contained flat insert
(n = 44), prefabricated foot orthoses moulded and
posted to optimize comfort (n = 46), 6-week multimodal physiotherapy (n = 45), and combined
foot orthoses/6-week multimodal physiotherapy
(n = 44) groups. Effect size, RRR and NNT calculations indicated greater patient-perceived global
success in the foot orthoses group compared with
the flat insert group at 6 weeks (figure 1), with
the NNT calculated as four (table IV). This finding was supported by greater improvement in the

‘global improvement’ visual analogue scale in
the foot orthoses group at 6 weeks (figure 2).
Although trends for all outcome measures and
timepoints indicated physiotherapy produced
superior outcomes to foot orthoses, no significant between-group differences were identified
(figure 3). Likewise, no significant differences
in outcomes were identified between the foot
orthoses/physiotherapy and the foot orthoses
groups (figure 4). Combining physiotherapy with
foot orthoses indicated significantly greater
improvements compared with foot orthoses
alone on the ‘Functional Index Questionnaire’ at
6 and 12 weeks and the ‘Anterior Knee Pain
Scale’ at 52 weeks (figure 5).
The RCT by Eng and Pierrynowski[44] investigated an adolescent female PFPS population, comparing a group completing exercise rehabilitation
versus a group combining prefabricated foot orthoses prescription (posted to subtalar joint neutral) and exercise rehabilitation over 8 weeks.
They reported significantly greater pain reduction during functional tasks in the foot orthoses
group; however, inadequate data were available
to confirm this via effect size calculations. Studies
by Johnston and Gross,[40] Pitman and Jack,[41]

FO + PT vs FO (wk)
52
12
6
FO + PT vs PT (wk)
52
12
6
FO vs PT (wk)
52
12
6
FO vs FI (wk)
52
12
6
0.2

0.5
Favours alternative or stand
alone treatment

1.0

2.0
Favours FO or combined
treatment

4.0

Fig. 1. Between-group comparisons for patient-perceived global success (relative risk reductions calculated using number with moderate or
marked improvement) results from Collins et al.[38] Effect sizes are presented with 99% confidence intervals. Black plots indicate significant
findings and grey plots indicate non-significant findings. FO = foot orthoses; FI = flat inserts; PT = physiotherapy; FO + PT = foot orthoses plus
physiotherapy.
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Table IV. Number needed to treat calculations based on the
patient-perceived global success outcome measure for each group
comparison and timepoint[38]
Timepoint
(wk)

FO vs FI
4a,b

FO + PT
vs PT

FO vs PT

FO vs
FO + PT

14c

20c

12

50b

51c

8b

7c

52

9b

29b

226b

33b

6

a

Significant RRR calculation between groups.

b

Favours first listed intervention.

c

Favours second listed intervention.

20c

FI = flat inserts; FO = foot orthoses; PT = physiotherapy; RRR = relative risk reduction.

and Amell et al.[42] were all case series designs
evaluating the effectiveness of prescribed customized foot orthoses. Each reported significant
benefits to participants; however, none provided
adequate data and/or appropriate outcome measures to complete statistical analysis in this
systematic review.
The clinical prediction rule study by Sutlive
et al.[43] reported a successful outcome rate of 60%
following the provision of firm prefabricated foot
orthoses and activity modification in their group
of 50 military recruits. Predictors reported in this
study included forefoot valgus ‡2 in non-weightbearing subtalar joint neutral position, navicular
drop £3 mm and relaxed calcaneal stance angle
£5. These cut-off scores all produced high
specificities (0.80–0.97), but low sensitivities
(0.13–0.47) and poor reliability (ICCs 0.25–0.55).
a

The study of Eng and Pierrynowski,[39] was the
only study that evaluated theoretical mechanisms
of foot orthoses effectiveness. They investigated
the effects of prefabricated foot orthoses posted
to subtalar joint neutral on foot/ankle and knee
kinematics during walking and running in a group
of ten adolescent females who were successfully
treated with the same prescription. Although
they reported statistically significant reductions
to frontal and transverse plane foot/ankle kinematics during walking and running, reduced
frontal plane knee motion during walking, and
greater frontal plane knee motion during running with the foot orthoses condition, effect
size calculations from their data did not find
differences for these variables (figure 6). However, effect size calculations did indicate a significant reduction in transverse plane motion of
the knee during the contact phase of walking
(figure 6d).
3. Discussion
The aims of this systematic review were to
summarize and critique the existing evidence for
the use of foot orthoses in individuals with PFPS,
discuss evidence for proposed mechanisms that
may contribute to the effectiveness of foot orthoses
in individuals with PFPS and provide guidance
for future research relating to PFPS. A total of
seven studies were found in the current systematic
review. Of these studies, only two were randomized

b

AKPS (wk)

Global improvement (wk)
52
12
6
Worst pain (wk)
52
12
6
Usual pain (wk)
52
12
6

52
12
6
FIQ (wk)
52
12
6
−1.2

−0.6

Less improvement
for FO group

0

0.6

1.2

Greater improvement
for FO group

−1.2

−0.6

0

0.6

1.2

Less improvement Greater improvement
for FO group
for FO group

Fig. 2. (a) Functional outcome measures; and (b) visual analogue scales, for foot orthoses (FO) vs flat inserts (FI). Results from Collins
et al.[38] Effect sizes are presented with 99% confidence intervals. Black plots indicate significant findings and grey plots indicate non-significant
findings. AKPS = Anterior Knee Pain Scale; FIQ = Functional Index Questionnaire.
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a

b
Global improvement (wk)
52
12
6
Worst pain (wk)
52
12
6
Usual pain (wk)
52
12
6

AKPS (wk)
52
12
6
FIQ (wk)
52
12
6

0
0.6
1.2
−0.6
−1.2
Less improvement Greater improvement
for FO group
for FO group

0
0.6
1.2
−1.2
−0.6
Less improvement Greater improvement
for FO group
for FO group

Fig. 3. (a) Functional outcome measures; and (b) visual analogue scales, for foot orthoses (FO) vs physiotherapy. Results from Collins
et al.[38] Effect sizes are presented with 99% confidence intervals. Grey plots indicate non-significant findings. AKPS = Anterior Knee Pain Scale;
FIQ = Functional Index Questionnaire.

clinical trials,[38,44] with just one scoring highly on
the quality assessment scale (full points) and presenting adequate data to complete effect size
and RRR/NNT calculations.[38] Of the remaining
studies, three were single-group case series,[40-42] one
was a clinical prediction rule study,[43] and one
examined the effects of foot orthoses on lower
limb kinematics.[39]
3.1 Quality Assessment and Considerations
for Interpretation of Findings

The quality assessment scale was found to have
excellent inter-rater reliability for each component
and the total score, validating its use in the current systematic review. Compared with the original scale developed by Bizzini et al.,[36] almost

identical reliability was indicated for the modified
version used in the current review (ICC = 0.99
compared with 0.97[36]). The percentage agreements for all items were ‡67% with the exception
of the item relating to homogeneity between
groups (item 1.4), which scored 50%. However,
this value needs to be considered in the context
that it was only applicable and assessed in two
studies, and is still comparable with the moderate
reliability (ICC < 0.75) reported in the original
version of the scale.[36] Reliability of the other
two items reported to have only moderate reliability in the original scale (inclusion criteria [1.1]
and description of interventions [2.1])[36] appeared to be enhanced by the modified version
of the scale, with high percentage agreements
obtained (both 86%). The superior inter-rater

b
Global improvement (wk)
52
12
6
Worst pain (wk)
52
12
6
Usual pain (wk)
52
12
6

a
AKPS (wk)
52
12
6
FIQ (wk)
52
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6
−1.2

−0.6

0

0.6

1.2

Less improvement Greater improvement
for FO + PT group
for FO + PT group

−1.2

−0.6

Less improvement
for FO + PT group

0

0.6

1.2

Greater improvement
for FO + PT group

Fig. 4. (a) Functional outcome measures; and (b) visual analogue scales, for foot orthoses plus physiotherapy (FO + PT) vs PT. Results from
Collins et al.[38] Effect sizes are presented with 99% confidence intervals. Grey plots indicate non-significant findings. AKPS = Anterior Knee
Pain Scale; FIQ = Functional Index Questionnaire.
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Global improvement (wk)
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Worst pain (wk)
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Usual pain (wk)
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6

52
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6
FIQ (wk)
52
12
6
0
0.6
1.2
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−0.6
Less improvement Greater improvement
for FO + PT group
for FO + PT group

0.6
1.2
−1.2
−0.6
0
Less improvement Greater improvement
for FO + PT group
for FO + PT group

Fig. 5. (a) Functional outcome measures, and (b) visual analogue scales for foot orthoses plus physiotherapy (FO + PT) vs FO. Results from
Collins et al.[38] Effect sizes are presented with 99% confidence intervals. Black plots indicate significant findings and grey plots indicate nonsignificant findings. AKPS = Anterior Knee Pain Scale; FIQ = Functional Index Questionnaire.

reliability of these two items and the total score
justifies the modifications made in the current
review to simplify, provide greater scoring guidance and improve the validity of the original
scale.[36]
With the exception of the randomized clinical
trial by Collins et al.,[38] which scored full points,
the quality assessment scale highlighted various
methodological weaknesses among the included
studies. Only one[43] of the remaining six studies
scored full points for the adequacy of both participant inclusion and exclusion criteria, limiting
the external applicability for the conclusions in
the remaining studies to a PFPS population.
The varying inclusion/exclusion criteria used
(table III) also made comparisons between studies difficult. Five[39-42,44] of the seven studies
contained only participants with signs of excessive pronation. This is problematic, as the current
review found no evidence that excessively pronated foot posture or correction of abnormal foot
alignment is required to produce a successful foot
orthoses prescription in individuals with PFPS.
In fact, the only included clinical prediction rule
study reported that a less pronated foot posture
was more likely to benefit from foot orthoses intervention.[43] However, these findings need to be
considered cautiously as a result of a number of
methodological issues identified, including poor
reliability of foot posture assessment techniques.[43] Another problem with attempting to
exclude individuals who do not display signs of
ª 2010 Adis Data Information BV. All rights reserved.

excessive pronation is that there is currently no
consensus approach to identifying individuals
with excessively pronated foot structure or function[49] and each study used a different definition
or method to do so (table III). Therefore, applicability of findings from these studies is limited
to a population demonstrating excessively pronated foot structure or function as measured by
the chosen assessment technique for each study.
Two of the studies reported included participants
>40 years of age.[40,41] This may be problematic
since these older individuals may possess degenerative changes in the PFJ or tibiofemoral joint
and hence form a different clinical population to
individuals with PFPS.
With the exception of the study by Collins
et al.,[38] none of the included studies completed
an a priori power calculation to determine sample
size; or in the case of the clinical prediction rule
study,[43] it did not contain an adequate number
of participants for the number of variables
evaluated. All six studies scored at least ‘in part’
for the standardization and description of their
interventions; however, of the five lower quality
clinical trial studies,[40-44] only one possessed a
control group,[44] and none adequately addressed
possible co-intervention contamination. One study
included a co-intervention of exercise modification
and acknowledged that this may have affected the
results.[43] These methodological weaknesses limit
the confidence that any clinical improvements were
the direct result of foot orthoses intervention
Sports Med 2010; 40 (5)
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Fig. 6. Results of differences in knee and ankle ranges of motion during walking and running between foot orthoses (FO) and flat inserts in the
study by Eng and Pierrynowski:[39] (a) frontal plane talocrural/subtalar joint (TC/STJ) kinematics; (b) transverse plane TC/STJ kinematics;
(c) frontal plane knee kinematics; and (d) transverse plane knee kinematics. Effect sizes are presented with 99% confidence intervals. Black
plots indicate significant findings; grey plots indicate non-significant findings. 1.9 indicates the difference between the two groups in degrees
as denoted by  – this is reported as it is a significant finding; * indicates variables reported to have statistically significant differences between
groups in original study.

alone and not natural history, placebo or additional treatment either administered or sought by
participants.
Primary outcome measures varied greatly in
type and assessment timepoints across the included
studies. With the exception of Collins et al.,[38]
items related to outcome measures scored poorly
on the quality assessment scale. Some studies
used outcome measures that have not been validated for use in a PFPS population,[40-42] and all
studies either failed to complete a blinded outcome assessment or adequate follow-up. This
made comparison between studies difficult and
the use of meta-analysis inappropriate. Addressing these issues in future clinical trials is essential
to ensuring the validity of results to clinical
practice is optimized. The use of multiple (six)
primary outcome measures in the RCT by Collins
ª 2010 Adis Data Information BV. All rights reserved.

et al.[38] made interpretation of findings difficult,
as some outcomes indicated significant group
differences whilst others did not. Statistical correction in the Collins et al.[38] paper to account
for potential type I errors may have also inadvertently produced some type II errors for some
between-group comparisons.
Randomization of intervention/condition allocation was applicable in the two randomized
clinical trials[38,44] and the kinematic evaluation
study,[39] but was only adequately described by
the high quality randomized clinical trial.[38] The
two randomized clinical trials,[38,44] the prospective case series clinical trial[40] and the clinical
prediction rule study[43] scored well for dropouts,
intention to treat and statistical procedures items.
However, the two retrospective case series studies[41,42] scored poorly for these items because of
Sports Med 2010; 40 (5)
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low questionnaire response rates and a lack of well
defined outcome measures that were able to provide adequate data for statistical analysis. These
weaknesses were one of the major contributors
to the lower overall quality scores found for retrospective study designs when compared with
prospective study designs (table II), highlighting
the importance of prospective designs in future
research.
3.2 Current Evidence

Evidence for the efficacy of foot orthoses in
the treatment of PFPS is limited by a paucity
of high quality randomized controlled (clinical)
trials, with just one[38] identified in this review.
Whilst there was one other randomized clinical
trial,[44] this was of lower quality and failed to
provide adequate data for effect size calculations.
The remaining studies evaluating clinical outcomes were low quality case series study designs.
A paucity of studies evaluating parameters that
have been hypothesized to be associated with
clinical success was identified in this review. This
evidence was limited to just one study, which
evaluated the effects of prefabricated foot orthoses
on lower limb kinematics. Based on current literature, there is limited evidence in a PFPS population indicating that:
 prefabricated foot orthoses provide greater
short to medium term (6 weeks) improvements
in function measured by the patient-perceived
success rates and global improvement scores
compared with flat inserts;[38]
 adding foot orthoses intervention to physiotherapy in all individuals who present with
PFPS may not significantly enhance overall
clinical success;[38]
 adding physiotherapy treatment to foot orthoses
intervention may enhance overall clinical success, with limited evidence indicating significantly greater improvements in the Functional
Index Questionnaire at 6 and 12 weeks and the
Anterior Knee Pain Scale at 52 weeks;[38]
 limited evidence indicates that foot orthoses
may reduce transverse plane knee rotation
during the contact phase of walking in individuals with PFPS.[43]
ª 2010 Adis Data Information BV. All rights reserved.
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A number of gaps in the literature were identified in this review. There are no high quality
randomized clinical trials that have included a
group being treated with customized foot orthoses. Whilst current evidence indicates prefabricated foot orthoses may be effective, it is not
clear whether the use of customized foot orthoses
would have equal, lesser or greater effectiveness.
The three studies included in this review that used
customized foot orthoses prescription methods
reported beneficial patient outcomes.[40-42] Unfortunately, none of these studies included either
a control or alternative treatment group for
comparison.
An important consideration when using foot
orthoses for the treatment of individuals with
PFPS is identifying those most likely to benefit from them. Only one clinical prediction rule
study[43] was identified in the current review.
However, this failed to identify any cluster of predictor variables, and variables that were retained
following logistic regression were reported to possess poor reliability.[43] Unfortunately, this leaves
healthcare practitioners with a lack of guidance
to assist clinical decision making when determining which PFPS patients are likely to benefit
from foot orthoses.
3.3 Possible Mechanisms for Foot Orthoses
Efficacy in Individuals with Patellofemoral
Pain Syndrome

The current review identified a paucity of
research explaining the mechanism(s) behind
the efficacy of foot orthoses treatment in a
PFPS population. Previous advocacy of foot orthoses for the treatment of PFPS has been based
on the belief that they control excessive foot
pronation.[7,29] In this paradigm, it is considered
that reducing excessive pronation in individuals
with PFPS will result in reduced internal rotation
of the lower limb and hence the Q angle. Therefore, laterally directed PFJ forces and altered PFJ
contact pressures that may have resulted from
these abnormal alignment profiles would be
reduced.[7] In their review, Fox and Grossworth[7]
also hypothesized that foot orthoses may
be beneficial to individuals without excessive
Sports Med 2010; 40 (5)
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pronation if correction of abnormal lower extremity alignment (e.g. excessive lower limb
internal rotation) is still achieved.[7]
Only one study was found in the current
review that examined the effects of foot orthoses
on alignment or kinematics in individuals with
PFPS. Eng and Pierrynowski[39] evaluated the
effects of soft prefabricated foot orthoses posted
to the subtalar joint neutral position on foot/
ankle and knee kinematics in ten adolescent
females[39] who were successfully treated with this
prescription.[44] Interestingly, effect size calculations using data from the study indicated no significant differences in range of motion at the
talocrural/subtalar joints in either the frontal or
transverse planes during walking or running
between the orthoses and flat inserts conditions
(figures 6a and 6b). However, the methodological
approach used by Eng and Pierrynowski[39] may
have been inadequate to evaluate and detect
subtle changes in the complex kinematics of the
foot and ankle. Therefore, the significance of
these findings must be considered with caution.
Results from the same kinematic study[39] indicated that prefabricated foot orthoses reduced
transverse plane knee rotation during the contact
phase of walking (figure 6d). Since there is some
evidence that greater knee external rotation may
be a feature of PFPS pathology, reduction of this
motion may provide some partial explanation for
foot orthoses effectiveness in these individuals.
Considering evaluation of alignment and kinematic changes associated with successful foot
orthoses intervention is limited to this single
study, further research in this area is required.
This should include evaluation of the effects of
foot orthoses in individuals with PFPS on not
only distal kinematics, but also proximal and
local kinematics. Current research evaluating
orthotic effects is further limited by difficulties
in measuring PFJ kinematics and resultant contact forces. With the advent of newer imaging
techniques (e.g. fluoroscopy, weight-bearing MRI),
it may be possible to evaluate the effects of
foot orthoses on PFJ kinematics and contact
forces.
Another possible explanation for the efficacy
of foot orthoses intervention in individuals with
ª 2010 Adis Data Information BV. All rights reserved.

Barton et al.

PFPS is that they may alter undesirable lower
limb muscle activity. Previous studies have reported decreased hip musculature strength,[1,50,51]
gluteus medius timing deficits[52,53] and vastus
medialis oblique muscle activity timing deficits[54,55] in individuals with PFPS. Correction of
vastus medialis oblique timing deficits during
stair negotiation,[56] increased gluteus medius
muscle activity during maximal isometric contraction,[57] and hip muscle strength training[58]
have been associated with positive clinical outcomes in individuals with PFPS. Although no
studies evaluating alterations to muscle activity
with the addition of foot orthoses in individuals
with PFPS were identified in this review, reported
findings relating to asymptomatic populations
are worthy of consideration. Hertel et al.[32] reported an increase in vastus medialis and gluteus
medius muscle activity during single-leg squat
and lateral step-down tasks with the addition of
prefabricated foot orthoses in 30 young healthy
adults. These changes were reported to occur regardless of posting (i.e. medial or lateral) and of
participant foot type (i.e. pes planus, pes cavus
and pes rectus). Therefore, the alterations observed may not have been caused by changes in
foot posture or function but may have been due
to changes in afferent feedback from the cutaneous plantar receptors of the foot influencing
muscle activity.[32]
Nigg et al.[33] have suggested that foot orthoses
may reduce muscle activity and joint moments,
thereby enhancing the ease of performance
during functional tasks. These changes are proposed to be produced by optimizing footwear
comfort, tuning muscles to dampen impact forces, and supporting a preferred movement path
with the addition of a foot orthosis or insert.[33]
The current review did not find any studies evaluating the effects of foot orthoses on the variables
associated with this theoretical paradigm in individuals with PFPS. However, findings reported
by Stefanyshyn and Hettinga[59] support the
concept that reductions in joint moments using
foot orthoses in individuals with PFPS may be a
desirable effect. In a prospective study, they reported greater internal knee abduction moments
were associated with PFPS development.[60]
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Although no study has evaluated the relationship
between changes in knee joint moments and treatment success in PFPS, a recent study on individuals
with knee osteoarthritis reported that reductions
to abnormal knee joint moments with foot orthoses were predictive of clinical success after
3 months of orthosis use.[61] Therefore, it is
plausible to hypothesise that a similar effect when
using foot orthoses to treat individuals with
PFPS may occur.
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prescription is currently limited. Therefore, further studies using valid and reliable clinical
measures are required to establish what specific
features of an individual (e.g. foot posture or
alignment) can predict successful outcomes
with foot orthoses prescription. With this information, clinical trials can then be undertaken to
evaluate the efficacy of foot orthoses for the appropriate subgroup of people with PFPS.
3.5 Clinical Implications

3.4 Prescription Considerations

Whilst Collins et al.[38] and Sutlive et al.[43]
prescribed foot orthoses to all included participants regardless of foot structure and function,
the remaining studies used some measure to determine the presence of a pronated foot prior to
including participants. This inclusion criterion
was presumably based on the assumption that the
efficacy of foot orthoses is related to the control
of excessive or abnormal pronation of the foot.
However, the current systematic review indicates
evidence to support this theoretical paradigm in a
PFPS population is limited. The variable assessment approaches to categorize foot posture from
the included studies highlights the lack of consensus on choice of a reliable and valid approach
for foot structure and function assessment when
considering foot orthoses prescription. Contrary
to previous hypotheses,[17] the clinical prediction
rule study by Sutlive et al.[43] indicated that military recruits with a less pronated foot posture
may be more likely to benefit from prefabricated
foot orthoses, possibly due to the orthoses offering some degree of enhanced shock absorption.
However, low sensitivities (0.13–0.47) and poor
reliability (ICC 0.25–0.55) for the identified predictor variables combined with methodological
weaknesses (table II) including the provision of
concurrent treatment (activity modification),
means the use of these prediction rules in clinical
practice may not be valid.
Considering the heterogeneous presentation of
individuals with PFPS, it is likely that there
are subgroups of people who are more likely to
respond favourably to foot orthoses. However,
research to identify these subgroups and guide
ª 2010 Adis Data Information BV. All rights reserved.

3.5.1 Foot Orthoses

Based on limited evidence that prefabricated
foot orthoses produce positive patient outcomes
as a stand-alone treatment or when combined
with physiotherapy treatment, clinicians should
consider their use when treating individuals with
PFPS. Results from the current review indicate
superior outcomes with prefabricated foot orthoses compared with flat inserts. Importantly,
the NNT was low, calculated as four and nine at
the 6- and 52-week time intervals, respectively
(table IV).
3.5.2 Foot Orthoses or Physiotherapy

Trends for superior outcomes with physiotherapy treatment compared with foot orthoses
were indicated by effect size calculations using
data from Collins et al.,[38] with the functional
outcome measures in particular approaching significance across all timepoints (figure 3). Obtaining significant differences between groups for
improvements in function may have been limited
due to the use of a more conservative p-value or
inadequate power for functional outcome measures, since power calculations for this study were
based on the outcome measure ‘usual pain in the
previous week’. It must also be considered that
estimates of both foot orthoses and physiotherapy effectiveness may be improved through
identification of individuals most likely to benefit
from either treatment choice. Comparing foot
orthoses prescription versus physiotherapy treatment also needs to be considered in the context of
cost and resource availability. The physiotherapy
treatment administered in the study by Collins
et al.[38] entailed weekly treatment sessions for
6 weeks with an estimated cost of $A495.[38]
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In comparison, the cost of three pairs of prefabricated foot orthoses (prescription used in
Collins et al.[38]) was reported to be substantially
less (approximately $A174),[38] and could conceivably be administered in one session. Future
clinical trials should consider cost-effectiveness
evaluations of treatments administered.
3.5.3 Combining Foot Orthoses and Physiotherapy

Adding prefabricated foot orthoses to physiotherapy treatment did not appear to enhance
clinical outcomes. However, as with comparing
foot orthoses and physiotherapy as stand-alone
treatments, identification of those most likely to
benefit from foot orthoses and consideration of
costs and resource availability are important in
the clinical decision-making process. Adding
physiotherapy treatment to foot orthoses provided greater functional improvements, with
significantly greater improvements for the Functional Index Questionnaire at 6 and 12 weeks,
and the Anterior Knee Pain Scale at 52 weeks.[38]
Trends towards greater improvements when combining treatments were also indicated for all other
outcome measures and timepoints (figure 5). This
would indicate that non-physiotherapy healthcare practitioners providing prefabricated foot
orthoses for the treatment of individuals with
PFPS should consider referral to a physiotherapist to optimize treatment outcomes.
3.6 Future Research Directions

The current review identified a paucity of evidence to guide clinical decision making when
prescribing foot orthoses for individuals with
PFPS. Results from the only identified high
quality RCT[38] are based on a heterogeneous
PFPS population. In reality, not all patients are
going to benefit equally from foot orthoses
and/or physiotherapy, and some will improve
regardless of the presence or absence of intervention. The efficacy of using foot orthoses may
be enhanced by identifying a more specific group
of individuals with PFPS who are most likely to
obtain the greatest benefit. This will require
the use of adequately powered clinical prediction
rule studies that evaluate well developed and reliª 2010 Adis Data Information BV. All rights reserved.

able clinical measures. Consideration and evaluation of theoretical mechanisms associated
with the aetiology of PFPS and foot orthoses
success should be used to assist the development
of clinical predictors. Variables of interest should
include alterations to foot posture, lower limb
alignment, lower limb kinematics and kinetics,
lower limb muscle activity, pain, ease of task
completion, quality of movement and footwear
comfort.
A lack of guidance with the large range of foot
orthoses choices confronting healthcare practitioners also needs to be addressed. These choices
include material density, orthotic length, provision of posting and deciding between a customized and a prefabricated device. The current
review did not identify any studies that evaluated
clinical outcomes with different types of foot orthoses. Due to large differences in costs and levels
of expertise required to prescribe foot orthoses, a
comparison of outcomes between prefabricated
and customized foot orthoses in individuals with
PFPS in future trials will be of considerable
clinical value to healthcare practitioners who
prescribe foot orthoses.
To avoid identified methodological weaknesses from previous studies, it is recommended
where possible that future clinical trials adhere
to methodological design standards reflected in
the Delphi list of criteria for the quality assessment of RCTs,[62] and report findings according to the CONSORT statement.[63] Of particular
emphasis should be prospective studies using
consensus inclusion and exclusion criteria for the
diagnosis of PFPS during participant recruitment,[38,64] and development of valid, reliable
and sensitive clinical measures to predict patient
outcomes.
4. Conclusions
Limited evidence exists that prefabricated foot
orthoses provide greater short-term improvements in patient-perceived success in individuals
with PFPS compared with flat inserts. Although
limited evidence indicates prefabricated foot
orthoses may reduce transverse plane knee rotation in individuals with PFPS, the mechanism
Sports Med 2010; 40 (5)
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behind their effectiveness remains unclear. Limited evidence also indicates that combining
physiotherapy with prefabricated foot orthoses
may be superior to prefabricated foot orthoses
used alone. To optimize the efficacy of foot
orthoses prescription for individuals with PFPS,
patient characteristics that are associated with
successful outcomes and the efficacy of various
prescriptive approaches need to be identified.
This will require development and evaluation of
potential clinical prediction rules. Research investigating the importance of modifying variables
associated with theoretical foot orthosis efficacy
paradigms (e.g. foot posture and function,
muscle activity, comfort) and comparing different prescription approaches (e.g. prefabricated vs
customized orthoses) is also needed.
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2.3.1 Supplementary discussion
Subjectively, functional limitations due to symptoms have been reported in individuals
with PFPS. It has been reported that 18 to 36% of individuals with PFPS are forced to
reduce physical activity [4, 15]. Additionally, 23% of the athletic population with PFPS
are forced to cease participation due to associated symptoms [2]. Despite these
subjective reports, there has been a paucity of objective evaluation related to functional
limitation present in individuals with PFPS. Additionally, the systematic review
evaluating the efficacy of foot orthoses for PFPS [60] did not find any research
evaluating the effects of foot orthoses on functional performance.
The importance of evaluating baseline functional performance and the ability of
intervention to modify it is highlighted by a reported prospective link between reduced
functional performance in the presence of unspecified knee pain and knee osteoarthritis
development [19]. This link lends itself to the hypothesis that interventions which are
able to improve functional performance in individuals with knee pain (e.g. PFPS) may
also be protective against knee osteoarthritis development [19]. Therefore, evaluating
functional performance changes following foot orthoses prescription in individuals with
PFPS is an important step in the evaluation of long term outcomes and the
establishment of treatment efficacy.

2.4 Discussion
The three systematic reviews [59-61] presented in this chapter provide a detailed
evaluation of the literature evaluating foot orthoses efficacy in individuals with PFPS.
The first systematic review summarised and critiqued previous research evaluating gait
related kinematics associated with PFPS [61]. In doing so, this appraised the evidence
relating to the biomechanical rationale behind foot orthoses prescription for individuals
with PFPS (see Section 2.4.1 below). The second and third systematic reviews [59, 60]
were completed to summarise and critique evidence to support the therapeutic benefits
of prescribing foot orthoses to individuals with PFPS (see Section 2.4.2 below).
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2.4.1 Evidence to support the biomechanical rationale for foot
orthoses in individuals with patellofemoral pain syndrome
The systematic review on gait related kinematics associated with PFPS [61] indicated
that most previous research was limited to retrospective case-control studies. Findings
indicated some evidence that individuals with PFPS walk and run with greater rearfoot
eversion at heel strike [62, 63] and delayed peak rearfoot eversion [62, 64, 65].
However, no differences in kinematic measures associated with the magnitude of foot
pronation, including peak rearfoot eversion [62, 64, 65] and peak whole foot pronation
[66] were identified [61].
Previous kinematic findings need to be considered in the context of several limitations
which have been outlined in the systematic review [61]. The following limitations were
considered to be particularly important and have been addressed where possible in
investigations included in this thesis:
(i) The systematic review identified gait velocity was generally decreased during
walking in individuals with PFPS [61], a characteristic which has been reported
to reduce angular excursions during gait [67-69]. However, this was generally
not controlled for, or accounted for in statistical analyses conducted in these
case-control studies [61]. Research is therefore needed to evaluate the influence
of gait velocity on kinematics in individuals with PFPS, and whether it may
need to be controlled or accounted for in future case-control comparisons.
(ii) Previous studies have either evaluated only rearfoot motion [62-65] or
evaluated the foot as a single segment [66]. Therefore, the presence or absence
of midfoot or forefoot kinematic differences in individuals with PFPS is
currently unclear.
(iii) There has been a lack of consensus regarding inclusion/exclusion criteria to
define PFPS in previous kinematic gait studies [61]. This leads to limitations in
external validity from previous studies and highlights the need to establish
consensus on PFPS diagnosis for future research.
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(iv) Simultaneous evaluation of kinematics at the foot, knee and hip was limited
to just one study [66]. Additionally, this study modelled the foot as a single rigid
segment [66] which would not accurately represent the complex multisegmental
motion of the foot during gait. Addressing this issue in future research by
evaluating multi-segmental foot models concurrently with knee and hip
kinematics may enhance knowledge of the link between foot pronation and
knee/hip kinematics. This may in turn improve foot orthoses design and
prescription when treating individuals with PFPS, and subsequently enhance
efficacy.
(v) Evidence from the systematic review was limited to retrospective casecontrol studies, with the only prospective study containing inadequate data to
complete effect size calculations [61]. As a result it is difficult to distinguish
between cause and effect when evaluating kinematic factors associated with
PFPS. This highlights the need for prospective evaluation of kinematics
associated with PFPS development in the future. Addressing this limitation
through prospective evaluation is beyond the scope of this thesis. However,
attempts have been made to distinguish between cause and effect through
theoretical discussion.

2.4.2 Evidence to support the therapeutic benefits of foot orthoses
in individuals with patellofemoral pain syndrome

The second systematic review [59], which evaluated systematic reviews of nonpharmacological treatments for PFPS failed to find any level I evidence to support the
use of foot orthoses in individuals with PFPS. However, it did identify the need for an
up-to-date systematic review evaluating the efficacy of foot orthoses for PFPS [59].
Additionally, a number of methodological limitations were identified in previous
systematic reviews. Therefore, a systematic review to evaluate the efficacy of foot
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orthoses for PFPS was designed; ensuring previous methodological limitations were
considered and addressed where possible.
The third systematic review [60] established level I evidence for the prescription of
prefabricated foot orthoses when treating individuals with PFPS. However, in addition
to this, the review identified a number of areas which need to be addressed:
(i) The addition of foot orthoses to physiotherapy treatment, the current gold
standard of conservative management [55, 56], did not enhance outcomes [56].
However, participants were recruited without any attempt to identify those most
likely to benefit from foot orthoses [56]. Therefore, identification of factors which
may predict foot orthoses outcomes may enhance the efficacy both with and without
the combination of physiotherapy treatment in the future.
(ii) Only one clinical prediction rule study to identify those most likely to benefit
from foot orthoses prescription was identified at the time of the literature search
[70]. Interestingly, this study reported findings contrary to traditional theory [46,
58], reporting that military recruits with a less pronated foot type were more likely
to improve following prescription of prefabricated foot orthoses [70]. However,
these findings were based on measurements – calcaneal angle and navicular drop –
that were also reported to possess poor inter-rater reliability when completed by the
investigators from the same study (intra-class correlation coefficients [ICCs] = 0.25
to 0.55) [70]. There is a clear need for further research to assist clinical decision
making when considering foot orthoses for individuals with PFPS.
(iii) Although not explicitly stated or discussed in the systematic review [60], no
studies evaluating the effects of foot orthoses on functional performance were
identified. The need to address this is highlighted by links between PFPS and
reduction to subjective functional capacity [2, 15, 16]. Additionally, reduced
functional performance due to knee pain has been linked to osteoarthritis
development later in life [19]. Therefore, establishing whether foot orthoses can
improve functional performance in individuals with PFPS is an important step in
establishing their efficacy as a conservative treatment strategy.
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(iv) Although not explicitly stated or discussed in the systematic review [60], none
of the studies identified had considered or accounted for footwear characteristics
when evaluating foot orthoses in individuals with PFPS. This is surprising
considering the intimate relationship of footwear and foot orthoses. This is an area
that needs to be addressed in future studies evaluating foot orthoses in individuals
with PFPS.
(v) The systematic review [60] did not identify any studies that had compared
outcomes between different foot orthoses prescription approaches when treating
individuals with PFPS. This is an area of research which needs to be addressed
through the completion of high quality RCTs, a task beyond the scope of this thesis.
However, the influence of customisation on foot orthoses outcomes is considered
and discussed in Chapter 7.
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CHAPTER 3

Methods
A number of related studies were designed to address the aims outlined at the end of
Chapter 2. Although the methods used for each study outlined in this thesis are
summarised in the relevant publications, journal word limits preclude detailed
justifications and descriptions of these methods. Therefore, this chapter will outline the
process of study design, outcome measure choices, and participant recruitment for the
studies presented in this thesis.

3.1 Participants
The first step in designing the studies presented in this thesis was to define appropriate
criteria for the PFPS patient population to be studied and control participants for
comparison, where appropriate.

3.1.1 PFPS inclusion and exclusion criteria
All participants with PFPS throughout the thesis were recruited based on the same
inclusion and exclusion criteria for diagnosis. Based on previous high quality RCTs [55,
56], the following criteria were used:
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Inclusion criteria


Aged 18 – 35 years old



Insidious onset of peripatellar or retropatellar knee pain of at least 6 weeks
duration



Worst pain in the previous week of at least 30 mm on a 100 mm visual analogue
scale



Pain provoked by at least two activities from running, walking, hopping,
squatting, stair negotiation, kneeling, or prolonged sitting



Pain elicited by patellar palpation, patellofemoral joint (PFJ) compression or
resisted isometric quadriceps contraction

Exclusion criteria


Current use of anti-inflammatory medications



Concomitant injury or pain arising from the lumbar spine or hip



Knee internal derangement (i.e. any sign of clinical meniscal or tibiofemoral
articular cartilage pathology)



Knee ligament insufficiency



Previous knee surgery



PFJ instability



Patellar tendinopathy



Pregnancy



Presence of neurological or rheumatological conditions

3.1.2 Control participant inclusion and exclusion criteria
All control participants were recruited using the same inclusion and exclusion criteria
throughout the thesis. The control inclusion and exclusion criteria were defined to
minimise any likelihood that current or previous pathologies would affect case-control
results. The following criteria were used to screen prospective control participants:
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Inclusion criteria


Aged 18 – 35 years old

Exclusion criteria


History of surgery or significant injury to the low back or lower limbs



Low back or lower limb pain in the previous six months which caused treatment
to be sought or physical activity levels to be altered



Pregnancy



Presence of neurological or rheumatological conditions

3.1.3 Participant recruitment processes
Both PFPS and control participants were recruited via advertisements placed at La
Trobe University, University of Melbourne and on community notice boards in the
greater Melbourne area. A summary of timeframes associated with the participant
recruitment process is shown in Figure 3.1. Initial recruitment began in January 2008
for the case-control study investigating foot and ankle characteristics associated with
PFPS [71] (see Chapter 4, Section 4.1). A total of 20 participants were recruited to both
groups between January and August 2008. The original plan was to concurrently
complete a case-control evaluation of lower limb kinematics associated with PFPS
(Chapters 5 and 6) using the same participants. However, due to difficulties in acquiring
an adequate motion analysis system and kinematic model to evaluate the foot, this study
was delayed and did not commence until phase two of participant recruitment.
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Phase 1 - January to August 2008

20 PFPS participants

20 control participants

Case-control study, Chapter 4

Phase 2 - September 2008 to November 2009
Cohort study, Chapter 7
Clinical prediction rule study, Chapter 8

60 PFPS participants

26 PFPS participants

20 control participants

Case-control kinematic study, Chapter 5
Correlational kinematic study, Chapter 6
Kinematic predictor study, Chapter 8

Figure 3.1 Timeframes associated with the participant process for each respective
study.

Following completion of the foot and ankle characteristics case-control study [71] (see
Chapter 4, Section 4.1), a second phase of participant recruitment commenced. During
the second phase of recruitment, participants were included in a number of concurrent
studies including: (i) case-control evaluation of kinematics associated with PFPS during
walking (see Chapter 5); (ii) evaluation of the association between foot posture and foot
pronation during walking in individuals with PFPS and asymptomatic controls (see
Chapter 6); (iii) evaluation of the effects of prefabricated foot orthoses on pain and
function in individuals with PFPS (see Chapter 7); (iv) development of a clinical
prediction rule to predict outcomes following foot orthoses prescription in individuals
with PFPS (see Chapter 8, Section 8.1); and (iv) evaluation of kinematics during
walking associated with clinical outcomes following prefabricated foot orthoses (see
Chapter 8, Section 8.2). Importantly, additional exclusion criteria for both groups were
added to the second phase of participant recruitment because it included evaluation of
prefabricated foot orthoses prescription efficacy. Therefore, individuals with PFPS were
excluded if they had worn foot orthoses in the previous five years or received
physiotherapy in the previous six months. Additionally, control participants were also
excluded if they had worn foot orthoses in the previous 5 years to ensure consistency in
the kinematic case-control evaluation.
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The second phase of participant recruitment commenced in September 2008 and was
completed by November 2009. Over this time, a total of 60 individuals with PFPS and
20 control participants were recruited. Each of the 60 PFPS participants was given the
option of completing kinematic evaluation. However, due to geographical locations and
time restraints, only 26 participated in this data collection. Therefore, data was available
from 60 PFPS participants for the evaluation of foot orthoses efficacy, but only 26 PFPS
participants for case-control evaluation of kinematics during walking and evaluation of
kinematic predictors for foot orthoses clinical outcomes. There were no significant
differences (p > 0.05) in baseline characteristics between the group who completed
kinematic evaluation and the group who did not (see Table 3.1). Additionally there were
no significant differences in outcomes as measured by patient perceived clinical success
following 12 weeks of wearing foot orthoses between these two groups (p = 0.804).
Kinematic data collection during walking was completed on all 20 control participants
recruited during the second phase.
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Table 3.1 Baseline characteristics of the group of patellofemoral pain syndrome participants who completed kinematic evaluation and the group
who did not. Values are mean (SD) unless stated otherwise.
Completed kinematic evaluation

Did not complete kinematic evaluation

Variable

(n = 26)

(n = 34)

p value

Age (years)

25 (5)

27 (5)

0.302

Height (m)

1.69 (0.09)

1.70 (0.08)

0.647

Body mass (kg)

66 (13)

68 (11)

0.684

Number (%) of females

21 (84)

21 (66)

0.118

Duration of symptoms (months)

71 (59)

66 (60)

0.788

Anterior knee pain scale (/100)

73 (10)

68 (12)

0.099

Lower extremity functional scale (/80)

65 (8)

61 (13)

0.120

Usual pain in previous week^

31 (19)

36 (22)

0.305

Worst pain in previous week^

52 (19)

57 (18)

0.347

3 (3)

4 (3)

0.090

4188 (4455)

3376 (3494)

0.444

Foot posture index
†

Physical activity (Average weekly METs)

^ measured on a 100 mm visual analogue scale anchored by no pain at all (0 mm) and worst pain imaginable (100 mm).
†

measured using the long version of the 7 day self administered International Physical Activity Questionnaire (IPAQ) [72].

MET = metabolic equivalent
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3.2 Determining appropriate measurements of foot and
ankle characteristics
Determining appropriate foot and ankle characteristic measurements was required for
two main purposes in this thesis: (i) to evaluate whether individuals with PFPS possess
altered foot and ankle characteristics; and (ii) to identify possible foot and ankle
characteristics which may predict clinical outcomes following foot orthoses
prescription. Importantly, the foot and ankle characteristic measures selected needed be
valid, reliable and easily replicated in a clinical setting [73, 74]. Foot and ankle
characteristics selected were divided into two main categories: (i) foot posture; and (ii)
available sagittal plane motion of the ankle and first metatarsophalangeal joint (MTPJ).
The process involved in determining appropriate clinical tests to evaluate is described
below. Descriptions of each measure and evaluation of its reliability is included in
Chapter 4.

3.2.1 Determining foot posture measures to classify foot type
There has been a wide variety of foot posture measures used to classify an individual’s
foot type previously described in the literature. This makes determining the most
appropriate measure for research and clinical purposes difficult. Razeghi and Batt [75]
completed a critical review of foot classification methods described in the literature.
The aims of this review were to describe foot classification methods commonly used
clinically and to critique advantages and disadvantages of each [75]. Methods to assess
foot posture in the literature were divided into four main categories; (i) visual nonquantitative

observations;

(ii)

anthropometric

measurements;

(iii)

footprint

measurements; and (iv) radiographical evaluation [75]. When determining the most
appropriate measurements of foot posture from these categories the following
advantages and disadvantages discussed by Razeghi and Batt [75] were considered:
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Table 3.2 Comparison of advantages and disadvantages of different foot posture assessment categories.
Category

Advantages

Disadvantages

Visual non-quantitative

Quick, easy and inexpensive to implement clinically

May provide limited information and poorly represent

observations

Requires no equipment

dynamic function
Questionable reliability

Anthropometric

Generally quick, easy, and inexpensive to implement

Equipment required is not always available to the

measurements

clinically

clinician
Can be influenced by soft tissue

Footprint measurements

Generally quick, easy, and inexpensive to implement

Equipment required is rarely available to the clinician

clinically

Can be influenced by soft tissue
Seen as invalid for highly pronated and highly supinated
foot postures

Radiographical evaluation

Considered gold standard due to removal of soft tissue

Costly and time consuming to implement

influence on measures

Radiation exposure for patient
Generally needs to be completed away from the clinic
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Of these possibilities, evaluating anthropometric measures was considered the most
practical approach to for subsequent studies in this thesis. Anthropometric measures are
easier to implement in a clinical setting than footprint measurements or radiographical
measurements, and are likely to provide information required to distinguish between
groups (e.g. case-control differences) in greater detail than visual non-quantitative
observations.
Traditionally, anthropometric foot posture measures have been taken using a
goniometer with the individual’s foot positioned in non-weight-bearing sub-talar joint
neutral (STJN) position. These measurements have been based on theories of normal
and abnormal foot structure and its relationship to functional foot orthoses prescription
proposed by Root et al [76] in the 1970s. Using the Root et al [76] approach to foot
orthoses prescription, orthoses are casted and constructed to control or prevent abnormal
foot motion which theoretically occurs due to the presence of intrinsic foot deformity
[76, 77]. However, the methods of foot posture assessment proposed by Root et al [76]
have been criticised for a number of reasons, including (i) their inability to assist
orthoses prescription in those who do not possess any intrinsic foot deformity [77]; (ii)
poor reliability [77-79], especially when compared to weight-bearing assessment
methods [79] and (iii) limited ability to replicate functional weight-bearing positions
[77, 79].
Since McPoil and Hunt’s [77] critique of the Root et al [76] model, an increasing
number of weight-bearing foot posture assessment techniques have been proposed in the
literature. These include measures of arch height, longitudinal arch angle, rearfoot angle
and vertical navicular height [75]. These weight-bearing measures can be recorded in
relaxed stance, relative to weight-bearing STJN, or relative to non-weight bearing STJN
and sitting postures. All possibilities were trialled during pilot testing for this thesis. It
was determined that the easiest weight-bearing anthropometric measures to complete for
both the clinician and participant were to conduct the measurements in relaxed stance
and relative to a weight-bearing STJN position. Specific foot posture measurements
chosen to undergo reliability and validity evaluation in Chapter 4 included:
(i) Arch height (in relaxed stance and relative to STJN) – see Figure 3.2
(ii) Longitudinal arch angle (in relaxed stance and relative to STJN) – see Figure 3.3
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(iii) Rearfoot angle (in relaxed stance and relative to STJN) – see Figure 3.4
(iv) Vertical navicular height, navicular drop (i.e. vertical navicular height relative
to STJN), and navicular drift (i.e. medial deviation of navicular tuberosity between
weight-bearing STJN and relaxed stance) – see Figure 3.5

Figure 3.2 Arch height measurement.
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Figure 3.3 Longitudinal arch angle measurement.

Figure 3.4 Rearfoot angle.

75

VNH

3.5A

Navicular drop

Navicular drift

3.5B
Figure 3.5 Vertical navicular height (A), and navicular drop and drift (B).
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One limitation of the foot posture measurements outlined above is that they only
measure foot posture at one segment (i.e. rearfoot or midfoot) and/or in one plane. More
recently, a method of foot posture evaluation (the Foot Posture Index – FPI) which
encompasses the rearfoot, midfoot and forefoot in all three planes has been proposed.
The advantages of the FPI is that it is quick and easy to complete in a clinical setting
and requires no equipment [74]. Considering these points and the possible wealth of
information it may provide, the reliability and the validity of the FPI was also evaluated
in Chapter 4 [71]. A brief summary of each item and the scoring system from the FPI
can be found in Appendix 9.

3.2.2 Determining measures of sagittal plane range of motion at
the ankle and first metatarsophalangeal joint (MTPJ)
Sagittal plane measurement of ankle dorsiflexion range of motion has traditionally been
performed in a non-weight-bearing position [76]. However, like foot posture, the
reliability [80] and validity [81] of this non-weight-bearing assessment approach has
been questioned. More recently, weight-bearing assessment of ankle dorsiflexion range
of motion has been described with both the knee flexed [82] and extended [81].
Evaluation of these weight-bearing methods (see Figures 3.6 and 3.7) were chosen in
favour of non-weight-bearing methods because they are more likely to replicate
function [81, 82] and initial reliability evaluation [81, 82] indicates superior reliability
compared to reported reliability for non-weight-bearing assessment [80].
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Figure 3.6 Measurement of weight-bearing ankle dorsiflexion range of motion with the
knee flexed.

Figure 3.7 Measurement of weight-bearing ankle dorsiflexion range of motion with the
knee extended.
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First metatarsophalangeal joint (MTPJ) dorsiflexion was chosen to be measured in
weight-bearing (see Figure 3.8). It was thought that this would be more likely to
replicate function than non-weight-bearing assessment, particularly in the presence of
any form of functional hallux limitus [83]. Jack [84] was the first to describe a test of
the ability of the first MTPJ to dorsiflex in bilateral weight-bearing stance. However, in
Jack’s test, only comparison to non-weight-bearing measurement or inability to
dorsiflex was recorded, with no measure of the amount or degree of available
dorsiflexion [84]. A number of methods to quantify the level of first MTPJ dorsiflexion
have been proposed, including measuring the height from the floor able to be achieved
[85], the angle measured between the first metatarsal shaft and proximal phalanx [86],
and the angle measured between the floor and proximal phalanx [87]. For studies in this
thesis, measurement relative to the floor was chosen as this was deemed the easiest to
complete during pilot testing. Additionally, it was thought this would give a more
accurate indication of likely motion during gait without the influence of other foot
morphometry (e.g. a dorsiflexed or plantarflexed first metatarsal).

Figure 3.8 Measurement of weight-bearing first metatarsophalangeal joint dorsiflexion
range of motion.
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3.3 Kinematic data collection
Collection of kinematic data was required for a number of studies in this thesis
including (i) comparing foot, ankle, knee and hip kinematics of individuals with PFPS
to a control population (see Chapter 5); (ii) evaluation of the association between foot
posture and kinematics associated with foot pronation during walking (see Chapter 6);
and (iii) evaluation of the ability for kinematics associated with foot pronation to predict
clinical outcomes following prefabricated foot orthoses prescription (see Chapter 8,
Section 8.2). Kinematic data was collected with a 10 camera Vicon motion analysis
system (Vicon, Oxford Metrics, Oxford, UK) using the combination of two kinematic
models: the Oxford Foot Model and PlugIn Gait. Software required to run both models
is freely available through Vicon, and the combination allows modelling of multiple
segments throughout the lower limb including the pelvis, femur, tibia, rearfoot, forefoot,
and hallux [88]. Segments and marker placements forming each model are outlined in
Table 3.3.
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Table 3.3 Segments and marker placements for PlugIn Gait and Oxford Foot models.
SEGMENT

MARKER PLACEMENT

LABEL

Posterior Sacrum

SCR

Anterior superior iliac spine

ASI

Lateral thigh (wand)

THI

Lateral femoral condyle*

KNE

Lateral shank

TBA

Medial malleoli^

MMA

Lateral malleoli (ankle)

ANK

Tibial tuberosity

TTB

Anterior shin

SHN

Fibula head

HFB

Sustemtaculum tali

STL

Posterior proximal heel^

PCA

Posterior heel (peg) wand

CPG

Posterior distal heel

HEE

Lateral calcaneum

LCA

Base (proximal) of first metatarsal

P1M

Head (distal) of first metatarsal^

D1M

Head (distal) of fifth metatarsal

D5M

PlugIn Gait
Pelvis

Femur

Tibia

Oxford Foot Model
Tibia (additional to PlugIn Gait)

Rearfoot

Forefoot

Base (distal) of fifth metatarsal

P5M
nd

Toe – between the head of the 2 and

TOE

3rd metatarsal
Hallux

Proximal first phalanx

HLX

* Required for dynamic trials only (i.e. replaced by knee alignment devices during static calibration)
^ Used to define segment axes during static calibration only (i.e. removed during kinematic data
collection)
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3.3.1 Oxford Foot Model
The systematic review evaluating kinematic gait characteristics associated with PFPS
[61] identified that previous evaluation of kinematics associated with PFPS was limited
to only the rearfoot [62-65] or single rigid segment foot models [66]. Therefore, to
address this limitation, it was determined that a multi-segmental foot model was needed
for the current project. There have been a number of multi-segmental foot models
described in the literature [88-93]. The lack of direct comparison between these
kinematic models or comparison against a gold standard (e.g. using bone pin markers)
makes choosing the most appropriate model for clinical research difficult. However, one
of these models, the Oxford Foot Model (OFM) [88, 90], contains free readily available
software for the VICON Motion Analysis System. Additionally, the software provided
allows easy integration with another easily accessed kinematic model for the knee and
hip; PlugIn Gait.
The OFM has been applied to a range of populations and models the foot and lower leg
as rigid tibial, rearfoot, forefoot and hallux (sagittal plane only) segments [88, 90, 94,
95]. Additionally, it has demonstrated consistent inter-segmental repeatability through
the gait cycle [94], and has demonstrated kinematic differences between populations
with flat- and normal-arched feet [95]. Considering the OFM’s ease of application, ease
of use, and ability to identify altered foot function between groups, it was chosen to be
used for studies requiring foot and ankle kinematic evaluation in this thesis.
The OFM involves marker placement bilaterally over the fibula head, tibial tuberosity,
anterior border of tibia, lateral aspect of tibia (5 cm wand), medial and lateral malleoli,
the posterior heel (three markers – distal, wand, and proximal), lateral calcaneus,
sustentaculum tali, base of first metatarsal, head of first metatarsal, proximal first
phalanx, head of fifth metatarsal, and base of fifth metatarsal (see Table 3.3 and Figure
3.9).
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First MTPJ kinematic data collection issues
When using the OFM, motion at the first MTPJ is measured only in the sagittal plane
because motion of the proximal phalanx is based on only a single marker segment [88].
During pilot testing of the OFM, a large degree of motion artefact of this marker was
identified, possibly as a result of the bony architecture of the proximal phalanx not
allowing adequate marker fixation. Additionally, it was identified that slight variation in
placement of this marker had a large effect on joint angles recorded. Considering these
data collection issues, evaluation of kinematics of the first MTPJ was removed
throughout studies contained in this thesis.

3.3.2 Plug-In Gait
Kinematic modelling of the knee and hip was based on tibial, femoral and pelvic
segments from the Plug-In Gait kinematic model [96] (Vicon, Oxford Metrics, Oxford,
UK). Plug-In Gait was chosen for knee and hip kinematic data collection due to the ease
of integration with the Oxford Foot Model [88] and its previously established reliability
[96]. The model includes marker placement over the centre of the sacrum, and
bilaterally over the anterior superior iliac spines (ASISs), lateral aspect of the femur
(5cm wand), lateral femoral condyles, lateral aspect of the shank (5cm wand), and
lateral and medial malleoli (see Table 3.3 and Figure 3.9). The Plug-In Gait kinematic
model requires a knee alignment device (KAD) (Motion Lab Systems Inc, Louisiana,
USA) to be placed over the lateral femoral condyle for a single static trial collection
prior to dynamic data collection (see Figure 3.9B). The KADs were used to identify the
knee joint axis and then replaced with the lateral femoral condyle markers for dynamic
trials.
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3.9A

3.9B

Figure 3.9 Anterior view of Oxford Foot Model and Plug-In Gait marker placements
including the knee alignment devices (KADs) (A); and posterior view of Oxford foot
model marker placements for the static trial (B).

3.3.3 Kinematic data collection set up
All kinematic data were collected in the gait laboratory at La Trobe University,
Bundoora, Victoria, Australia. At this site kinematic data was collected during walking
along a 12 metre long walkway which contained two successive embedded force
platforms in the centre and was surrounded by 10 infrared cameras (see Figure 3.10).
The force platforms and cameras were connected to the Vicon motion analysis system
(Vicon, Oxford Metrics, Oxford, UK). The two force platforms both operated at a
sampling frequency of 1000 Hz and consisted of one 400mm x 600mm Kistler
Performance System 9281B (Kistler Instrument AG Winterthur, Switzerland) and one
400mm x 600mm AMTI OR6-6 (AMTI Acugait, AMTI, Watertown, MA, USA)
platform. The 10 infrared cameras operated at a sampling frequency of 100 Hz and
consisted of eight MX3 and two MX40 (Vicon MX system, Oxford Metrics Ltd,
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Oxford, England) cameras. To ensure optimum data accuracy, the capture volume was
calibrated prior to each kinematic data collection session. A dynamic and static
calibration was performed using a 5 Marker Wand and L Frame device which was
utilized to calibrate the data collection area and to define the origin of the capture space.

Figure 3.10 Layout of the gait laboratory for kinematic data collection.

3.3.4 Kinematic data collection procedure
Participants completing kinematic data collection were asked to attend the gait
laboratory for testing. To allow marker visualisation, each participant was asked to wear
loose fitting elastic shorts and a top which could be easily rolled up in order to expose
the sacrum and ASISs. All kinematic data collection was completed without footwear to
remove the potential for variations in footwear to influence kinematics, and to allow
application of the OFM.
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Prior to attaching markers to participants, a number of anthropometric measurements
required to be input into the Plug-In Gait and the OFM were taken. These included:
(i)

height (mm)

(ii)

mass (kg)

(iii)

distance between left and right ASISs (mm)

(iv)

perpendicular distance between the ASIS and greater trochanter with the hip
extended and neutrally rotated (mm)

(v)

knee width (mm)

(vi)

ankle width (mm)

Following the completion of anthropometric measurements, the skin of marker
placement sites was then cleaned and shaven where appropriate. Each marker (14 mm
diameter) was then attached to the skin using double sided tape and reinforced with
Micropore (3M Health Care, Germany) and Leukoflex (BSN Medical, Germany). Once
all markers were in place the standing static trial with the KADs was completed.
Following this static trial, KADs were replaced with the lateral femoral condyle
markers, and the calibration markers used to define segment axes for the tibia, rearfoot
and forefoot were removed (medial malleoli, proximal heel, and first metatarsal head)
ready for motion data collection.
Practice walking trials were completed to allow familiarisation with the instrumentation
and environment. Once participants were comfortable and the investigator deemed
consistent velocity was achieved, motion data collection commenced. Each participant
was asked to walk at their natural comfortable speed across the 12m walkway. Five
successful trials (i.e. instrumented foot landed within the borders of the first force plate
they traversed) were collected for each participant. Participants were not made aware of
the force plates and their starting position was adjusted by the investigator to enhance
the chances of a successful trial. A series of coloured lines was marked on the floor to
facilitate starting position adjustments required.
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3.3.5 Kinematic data extraction
Each of the five successful trials was reconstructed and the retro reflective markers
identified and labelled within the Vicon Nexus software (Vicon, Oxford Metrics,
Oxford, UK). Trials where any individual markers were missing for more than 10
consecutive frames were excluded from data analysis. Any trials with markers which
were missing for less than 10 consecutive frames were retained for analysis and gaps in
marker visualisation filled by linear interpolation performed by Plug-In Gait and the
OFM. The data were filtered by fitting Woltring’s quintic spline with a mean squared
setting of 20 prior to processing the biomechanical model. Initial heel strike and toe off
were defined using force platform data. The second heel strike (signalling the end of the
gait cycle) was defined by the movement trajectory of the ipsilateral heel wand marker.
Data processing was completed by applying the OFM and Plug-In Gait kinematic
models.
All processed data was exported to Polygon (Vicon, Oxford Metrics, Oxford, UK) to
assess and confirm quality, and normalise to 100% of the gait cycle. All data were then
exported to a purposely developed Microsoft Office Excel 2003® (Microsoft
Corporation, Redmond, USA) template for data extraction. Although exact variables
evaluated in the various studies differed, variables extracted with the template included
magnitude and timing of peak angles and ranges of motion during stance for:
(i)

Forefoot relative to rearfoot – dorsiflexion (see Figure 3.11A), supination
(see Figure 3.11B) and abduction (see Figure 3.11C). Forefoot data prior to
11% of the gait cycle was not included in data extraction since normative
data indicates that the forefoot does not contact the ground until this point
during walking [97].

(ii)

Rearfoot relative to the laboratory – dorsiflexion (see Figure 3.12A), internal
rotation (see Figure 3.12B), and eversion (see Figure 3.12C).

(iii)

Rearfoot relative to tibia – dorsiflexion (see Figure 3.13A), internal rotation
(see Figure 3.13B), and eversion (see Figure 3.13C).

(iv)

Knee (tibia relative to femur) – flexion (see Figure 3.14A), abduction/valgus
(see Figure 3.14B) and internal rotation (see Figure 3.14C).
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(v)

Hip (femur relative to pelvis) – adduction (see Figure 3.15A) and internal
rotation (see Figure 3.15B).
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Figure 3.11 Forefoot relative to rearfoot dorsiflexion (A), supination (B) and abduction (C) kinematic
variables.
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Figure 3.12 Rearfoot relative to the laboratory (floor) dorsiflexion (A), internal rotation (B) and eversion
(C) kinematic variables.
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Figure 3.13 Rearfoot relative to the tibia dorsiflexion (A), internal rotation (B) and eversion (C)
kinematic variables.
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Figure 3.14 Knee (tibia relative to the femur) flexion (A), abduction (B) and internal rotation (C)
kinematic variables.
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Figure 3.15 Hip (femur relative to the pelvis) adduction (A) and internal rotation (B) kinematic variables.
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3.4 Selection of foot orthoses
When prescribing foot orthoses to individuals with PFPS in a clinical setting, there are a
range of possible options to consider. Firstly, the treating clinician and patient need to
determine whether to use a generic prefabricated or cast moulded foot orthoses. The
most common considerations when choosing between the two are the potential costeffectiveness of an inexpensive prefabricated device versus the need to achieve a more
individualised contour through cast moulding in an attempt to accommodate specific
foot structure and function. For studies completed as part of this thesis, prefabricated
foot orthoses were selected for two main reasons. Firstly, there is currently a lack of
evidence to support the belief that superior outcomes are achieved by using cast
moulded compared to prefabricated foot orthoses in a PFPS population [60] or for other
lower limb overuse injuries [98]. Secondly, prefabricated foot orthoses can be provided
at a substantially lower cost [99].
In addition to selecting a prefabricated or cast moulded foot orthoses, the treating
clinician also needs to determine the need for customisation through wedging or
posting. The most common foot orthoses customisation approach by Australian and
New Zealand podiatrists is to use posting or wedging to place the foot in the neutral
calcaneal stance position [100]. Collins et al [56] described an alternative approach for
individuals with PFPS in which heat moulding and wedging of the orthoses was
performed with the primary aim of optimising comfort. This customisation approach
was based on the theoretical paradigm proposed by Nigg et al [101], who suggested that
foot orthoses may achieve their therapeutic effects by altering muscle activity and
optimising energy efficiency due to enhanced comfort supporting the skeleton’s
preferred movement path [101]. Prior to commencing data collection for this thesis
there was no evidence to support the neutral calcaneal stance approach, comfort
approach or any other approach for being superior when prescribing foot orthoses to
individuals with PFPS [60]. Therefore, foot orthoses were prescribed without
customisation.
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The last considerations for determining the foot orthoses prescription approach in this
thesis were what brand, material, and shape of orthoses to issue to participants. Only
one high quality RCT [56] was identified in the systematic review evaluating the
efficacy of foot orthoses for individuals with PFPS [60]. This study provided support
for the efficacy of the commercially available Vasyli International range of foot
orthoses (i.e. combination of full length, three quarter length, easy-fit and slim fit
orthoses). Therefore, it was a logical extension to evaluate the same brand of foot
orthoses in this thesis. The orthoses used were three-quarter length devices with lateral
cut-outs (Vasyli Pro, Vasyli International), made of ethylene-vinyl acetate (EVA) of
medium (Shore A 55) density, containing built-in arch supports and 4º varus rearfoot
wedging (see Figure 3.16). These orthoses were chosen as during pilot testing they were
able to fit into most footwear, and were generally perceived as comfortable whilst still
providing support to the foot. Although Vasyli International provided the foot
orthoses for research involved in this thesis, they did not provide any financial
contribution, nor did they influence the design or interpretation of any study presented.

Figure 3.16 Prefabricated foot orthoses (Vasyli Pro, Vasyli International) prescribed to
each participant.
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3.5 Determining appropriate clinical outcome measures to
evaluate foot orthoses efficacy
In order to evaluate foot orthoses efficacy and to determine predictors of efficacy, valid
and reliable clinical outcome measures were required. Clinical outcome measures used
throughout studies from this thesis can be divided into two streams: (i) functional
performance measures; and (ii) subjective measures of pain, function and perceived
benefits following a period of intervention.

3.5.1 Functional performance measures
In Chapter 2, the lack of objective functional performance evaluation with and without
foot orthoses in individuals with PFPS was identified. This point is addressed in
Chapter 7 [102]. However, prior to commencing this study, functional performance
measures to be evaluated needed to be determined. As they were intended to be used for
both the evaluation of the ability of foot orthoses to improve functional performance
and their predictive ability for foot orthoses outcomes, clinical applicability was
essential.
When reviewing the literature to identify previously proposed functional performance
measures for individuals with PFPS, two papers were identified [103, 104]. Vicenzino
et al [103] described three tests including the number of pain-free (i) step-ups and (ii)
step-downs from a 25 cm step; and (iii) double leg squats to full excursion (i.e. finger
tips touching the ground) [103]. Each test was completed using a metronome set at 96
beats per minute to standardise the rate, and continued until pain onset or a maximum of
25 repetitions [103]. Loudon et al [104] described five tests. These included the
maximum number of repetitions in 30 seconds for (i) an anteromedial lunge to 80% of
maximal lunge distance, (ii) step-downs from a 20 cm high step, (iii) bilateral squats to
90º knee flexion and (iv) balance and reach with contralateral limb to 80% of maximal
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reach distance, (v) and level of pain during the completion of a single leg press of 50%
body mass [104].
Although the five tests proposed by Loudon et al [104] had established reliability (ICC
= 0.79 to 0.94), they were not considered appropriate for the intentions of the research
proposed for this thesis. It was thought that the four tests which entailed completion of
maximum repetitions in 30 seconds may exacerbate pain too greatly, preventing valid
retesting of immediate foot orthoses effects. Additionally, completion of the single leg
press test was thought to be inappropriate because the equipment required would make
it impractical in many clinical settings.
From the tests described by Vicenzino et al [103], the most appropriate was determined
to be the step-down test (i.e. number of pain free repetitions). It was thought this test
would produce minimal exacerbation of pain, allowing valid retest of the effects of foot
orthoses, and would also replicate stair descent, one of the most common activities of
daily living limited by PFPS [105]. Some modifications were made to the original
description. Firstly, the metronome rate was lowered to 48 beats per minute as 96
repetitions per minute were deemed to be too rapid during pilot testing. Pilot testing also
revealed a 25 cm step was too high for some individuals to maintain balance. Therefore,
the height was reduced to 20 cm. Additionally, participants were instructed to keep their
arms crossed to prevent any arm use for balance. To maintain clinical applicability the
test was completed in set order, first without foot orthoses and then again with foot
orthoses following a three minute rest (see Figure 3.17). The step-up test [103] was not
used as it was thought that this was less likely to reproduce symptoms in individuals
with PFPS compared to the step-down test. The double leg squat test [103] was not used
as it was thought to be too easy to unload the affected limb and therefore, may also have
limited potential to reproduce symptoms.
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3.17A

3.17B

Figure 3.17 Pain-free step down test from anterior (A) and lateral (B) view.

Two additional tests were chosen for evaluation along with the step-down test. The first
test was based on a similar functional performance measure used to explore the
relationship between reduced functional performance and osteoarthritis development
later in life [19]. Thorstensson et al [19] recently reported fewer maximum number of
one-leg rises from sitting on a 45 cm high stool in individuals with unspecified chronic
knee pain was predictive of radiographic knee osteoarthritis five years later (odds ratio
= 2.6, 95% CI = 1.1 to 6.0). The median number for those who developed osteoarthritis
was 17 compared to a median of 25 in those who did not, and this association remained
significant when controlling for age, sex, body mass index, and pain [19]. The original
test description [19] entailed continuation of the task regardless of pain until no more
repetitions could be completed, and did not describe a standardised repetition rate or
adequately prevent use of arm position for balance. Therefore, to improve the clinical
applicability, a number of modifications were made. Firstly, to minimise potential
condition irritation in a clinical setting, the test was completed only until pain onset or a
maximum of 20 repetitions. Additionally, the repetition rate was standardised to 20 per
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minute and participants were asked to complete the task with their arms crossed. To
maintain clinical applicability the test was completed in set order, first without foot
orthoses and then again with foot orthoses following a three minute rest (see Figure
3.18).

3.18A

3.18B

Figure 3.18 Pain-free single leg rise from sitting test, illustrating sitting (A) and
standing position (B).

The second additional test (third test overall) was chosen as it is very time efficient and
easy to complete in a clinical setting. The test involved completion of five single leg
squats (see Figure 3.19), asking participants to compare the level of pain and ease
between conditions (i.e. with and without foot orthoses) on a five point Likert scale.
Change in pain was rated as markedly better, moderately better, the same, moderately
worse, or markedly worse. Change in ease was rated as markedly easier, moderately
easier, the same, moderately harder, or markedly harder. To prevent bias in the outcome
of this test each condition completed at least twice in alternative sequence, or as many
times as required, to allow a confident decision to be made.
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3.19A

3.19B

Figure 3.19 Single leg squat test from anterior (A) and lateral (B) view.

Evaluation of validity and reliability for each of these clinical tests was completed in the
study evaluating the immediate effects of foot orthoses on functional performance [102]
(see Chapter 7, Section 7.1).

3.5.2 Subjective outcome measures
In order to evaluate the efficacy of prefabricated foot orthoses in studies from this
thesis, valid and reliable subjective outcome measures were required. Additionally,
attempts were made to use the same outcome measures as Collins et al [56], to facilitate
indirect comparisons with the foot orthoses and flat insert groups from their RCT. A
total of five subjective outcome measures were chosen:
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Patient perceived clinical success (PPCS, see Appendix 10): The PPCS is a five point
Likert scale which has been used in previous RCTs evaluating PFPS treatments [55,
56]. The scale consists of the following categories: marked improvement, moderate
improvement, same, moderate worsening, and marked worsening. Additionally, the
PPCS has also been used as a gold standard against which to measure responsiveness of
other outcome measures following intervention [106]. As this measure is not completed
at baseline, reliability evaluation is not possible. The PPCS was specifically chosen for
its ability to easily divide participants into successful and unsuccessful cases for clinical
prediction analysis following an intervention. Additionally, it has previously been
shown to be sensitive to detecting significant differences in outcomes between a group
receiving prefabricated foot orthoses and a group receiving a control intervention (flat
insert) [56].
Anterior knee pain scale (AKPS, see Appendix 11): The AKPS consists of 13 items
which sum to a total possible score of 100, with 0 representing maximal disability and
100 representing no disability [107]. The scale covers pain and function associated with
many of the common aggravating tasks associated with PFPS including weight bearing,
walking, stairs, squatting, running, jumping, prolonged sitting with the knee flexed, and
knee flexion movement. It also covers the degree of other problems associated with
PFPS including limp, swelling, painful patellar movements, and thigh muscle atrophy
[107]. The scale has been used in previous high quality PFPS RCTs [55, 56],
demonstrates high test-retest reliability (ICC = 0.81 – 0.95) [106, 108], and shows good
responsiveness to clinical change following intervention in individuals with PFPS [106,
108].
Lower Extremity Functional Scale (LEFS, see Appendix 12): The LEFS consists of 20
items, which sum to a total possible score of 80, with 0 representing maximal disability
and 80 representing no disability [109]. When completing the scale, participants are
required to rate the level of difficulty they perceive having when completing a range of
activities (extreme difficulty or unable to perform activity, quite a bit of difficulty,
moderate difficulty, a little bit of difficulty, or no difficulty) [109]. The LEFS has
previously been reported to possess excellent test-retest reliability (ICC=0.98) and
moderate responsiveness to improvement following intervention in individuals with
PFPS [108].
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Usual and worst pain visual analogue scales (see Appendix 13): Participants were
asked to place a vertical dash on separate 100mm horizontal lines for the usual (VAS-U)
and worst pain (VAS-W) which they had experienced in the previous week. The lines
were anchored by no pain and worst pain imaginable, and the score determined by
measuring the distance in mm from the left hand end of the line. These same pain scales
have been used in previous high quality PFPS RCTs [55, 56]. Additionally, they have
been reported to possess moderate to good test-retest reliability (ICC: VAS-U = 0.56;
VAS-W = 0.76), and show good responsiveness to clinical change following
intervention in individuals with PFPS [106].
In addition to considering reported reliability and responsiveness from previous studies
of individuals with PFPS [106, 108], between days reliability was also evaluated for the
AKPS, LEFS, VAS-U and VAS-W using participants in this thesis. To complete this,
the first 20 participants to be recruited into the intervention study did not receive the
foot orthoses immediately. Instead, they were asked to return one week following initial
baseline testing to complete the same subjective outcome measures prior to receiving
the foot orthoses. Results suggested moderate to good reliability [110] for all subjective
outcome measures used in this thesis (see Table 3.4 for intraclass correlation coefficient
results).
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Table 3.4 Intraclass correlation coefficient (ICC2,1) for between-days reliability of
subjective outcome measures used in the thesis.
Outcome measure

ICC (95% confidence interval)

AKPS

0.85 (0.62 to 0.94)

LEFS

0.87 (0.67 to 0.95)

VAS-U^

0.83 (0.56 to 0.93)

VAS-W^

0.65 (0.08 to 0.87)

AKPS = Anterior Knee Pain Scale, ICC = intraclass correlation coefficient, LEFS = Lower Extremity
Functional Scale, VAS-U = usual pain visual analogue scale, VAS-W = worst pain visual analogue scale
^ measured using 100 mm visual analogue scale anchored by no pain and all (0 mm) and worst pain
imaginable (100 mm)

3.6 Development a tool to assess footwear motion control
properties
In Chapter 2, the influence of footwear properties on outcomes when prescribing foot
orthoses to individuals with PFPS was identified as an area which needed to be
addressed. Additionally, when reviewing the literature for appropriate tools to
objectively evaluate footwear, a paucity of appropriate tools was identified. Therefore,
prior to commencing studies evaluating foot orthoses in this thesis, the Footwear
Assessment Tool was designed and evaluated for reliability [111] (see Supplementary
Publication 1).
The Footwear Assessment Tool was designed to be a simple, efficient and reliable tool
to assess footwear in a range of patient populations. When designing the Footwear
Assessment Tool, previously published tools [112-115], other footwear related
literature, and clinical considerations of two podiatrists and one physiotherapist were
taken into account. The tool was developed to cover fit, general features, general
structure, motion control properties, cushioning, and wear patterns. Of specific interest
from these areas of footwear assessment for this thesis was motion control properties.
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Therefore as part of the Footwear Assessment Tool development, a motion control
properties scale to provide an objective measure of footwear support was developed.
This scale was scored out of 11 and entailed evaluation of fixation method (laces, other
or none), presence or absence of dual density soles, heel counter stiffness (rigid,
moderate, minimal or absent), and midfoot sagittal and torsional stiffness (rigid,
moderate or minimal) (see Table 3.5).

Table 3.5 Motion control properties scale.

Score

Item

0

Midsole density

Single

layers

density

1

2

3

Dual density
Alternative to laces

Fixation (upper
to foot)

None

(e.g. strap, Velcro, zip,

Laces (at least 3

etc.)

eyelets)

Heel counter

No heel

stiffness

counter

Minimal

Moderate

Minimal

Moderate

Rigid

Minimal

Moderate

Rigid

Rigid

Midfoot sagittal
stability
Midfoot
torsional
stability

To evaluate the scale, 15 staff members from the Faculty of Health Sciences at La Trobe
University were recruited with each providing two pairs of footwear. Assessment of
footwear from each participant’s dominant foot was then carried out by a podiatrist and
physiotherapist to establish inter-rater reliability for each item on the Footwear
Assessment Tool. Assessment was completed again one to three weeks later to evaluate
intra-rater reliability. Results relating to items within the motion control properties scale
indicated substantial to excellent intra-rater (κ = 0.67 to 1.00) and inter-rater (κ = 0.69
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to 1.00) reliability [111]. Additionally, excellent intra-rater (ICC = 0.91 to 0.93) and
inter-rater (ICC = 0.93 to 0.95) reliability was demonstrated for the total score of the
motion control properties scale [111].

3.7 Statistical analysis
A number of statistical analysis methods were used for the various study designs
throughout this thesis. With the exception of effect size calculations for case-control
differences, all statistical calculations were completed using SPSS version 17.0 (SPSS
Inc, Chicago, Illinois, USA). Effect sizes were calculated using a specifically designed
template in Microsoft Office Excel 2003® (Microsoft Corporation, Redmond, USA).

3.7.1 Reliability
The use of reliable clinical measures was emphasised in this thesis. Prior to completing
the clinical prediction rule study presented in Chapter 8 (Section 8.1), the reliability of a
number of clinical measures was evaluated, both already existent and novel. This
included evaluating the reliability of previously described foot ankle clinical
measurements (Chapter 4) [71], novel motion control properties scale from the
Footwear Assessment Tool (Supplementary publication 1) [111], and novel functional
performance measures (Chapter 7, Section 7.1) [102]. ICCs were used to establish intraand inter-rater reliability of all continuous measures, including foot and ankle
characteristics (Chapter 4), the total motion control properties score (Supplementary
publication 1), and change in number of pain-free step downs and single leg rises from
sitting (Chapter 7, Section 7.1). Intraclass correlation coefficients above 0.90 were
considered excellent, 0.75 to 0.90 considered good, 0.50 to 0.75 considered moderate,
and below 0.50 considered poor [110]. Additionally, 95% limits of agreement were
calculated for each continuous measure so that potential errors could be quantified in
units of the items measurement [110]. Kappa (κ) and percentage agreement statistics
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were used to establish intra- and inter-rater reliability of categorical variables including
individual items from the motion control properties scale (Supplementary publication
1), and change in ease and pain during completion of a single leg squat (Chapter 7,
Section 7.1). Kappa values above 0.8 were considered excellent, 0.6 to 0.8 considered
substantial, 0.4 to 0.6 considered moderate, and below 0.4 considered poor to fair [116].

3.7.2 Case-control comparisons
Prior to completing case-control comparisons in Chapters 4 and 5, all data were
screened for normality graphically and using the skewness statistic. If skewness was
found to be greater than ± 1.0, appropriate data transformations were completed based
on recommendations by Bland and Altman [117]. When comparing foot and ankle
characteristics between individuals with and without PFPS, multiple independent t-tests
were used. These comparisons were completed without Bonferroni adjustment because
one of the study aims was to determine which clinical measurements were sensitive to
detect between group differences when evaluated independently. In Chapter 5,
kinematic variables were compared between individuals with and without PFPS using
three separate multivariate analyses of variances (MANOVAs). The three MANOVAs
completed were for peak magnitude, peak timing and range of motion. Due to the
potential influence of gait velocity on lower limb kinematics [67-69], it was entered as a
co-variate for each MANOVA completed. The source of any differences following each
MANOVA was then established using univariate F statistics. Equality of variance was
tested for each comparison made in Chapters 4 and 5, and the adjusted p value was used
when equality could not be assumed. Effect sizes (Cohen’s d) were calculated for any
significant group differences found in Chapters 4 and 5. Significance for all case-control
comparisons was set at p < 0.05.
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3.7.3 Correlations
A number of associations between variables were evaluated using correlation statistics
as part of this thesis. These included the relationship of (i) gait velocity with lower limb
kinematics (Chapter 5); (ii) foot posture with kinematics associated with foot pronation
during walking (Chapter 6); and (iii) foot posture, change in foot posture and footwear
motion control properties with changes to functional performance following foot
orthoses provision (Chapter 7). In Chapter 5 (Section 5.2), correlations between gait
velocity and lower limb kinematics were evaluated using Pearson’s correlation
coefficients. In Chapter 6, FPI data were converted into Rasch transformed scores as
recommended by Keenan et al [118] (see Appendix 14) to allow parametric correlation
analysis of interval data. Additionally, due to the potential influence of gait velocity on
kinematics identified previously [67-69] and in Chapter 5, partial correlations with gait
velocity entered as a co-variate were calculated to determine the relationship between
transformed FPI scores and kinematic measures of foot pronation during walking. In
Chapter 7, none of the functional performance measures evaluated were considered true
continuous variables. Change in pain and ease during the completion of a single leg
squat were both categorical variables. Additionally, there was a low spread of values
and lack of normal distribution for the change in number of pain-free step downs and
single leg rises from sitting. Therefore, non-parametric statistical analyses (Spearman
Rho correlation coefficients) were used to determine the association of foot posture,
change in foot posture and footwear motion control properties with changes to
functional performance following foot orthoses provision (Chapter 7). Significance for
all correlation coefficient calculations performed was set at p < 0.05.

3.7.4 Determining foot orthoses outcomes
The influence of prefabricated foot orthoses on a number of clinical outcomes was
evaluated in Chapter 7, including immediate and intermediate (12 weeks) changes to
functional performance, changes to pain visual analogue scales at six and 12 weeks, and
changes to subjective functional outcome measures at six and 12 weeks. All continuous
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data were screened for normality graphically and using the skewness statistic. If
skewness was found to be greater than ± 1.0, appropriate data transformations were
completed based on recommendations by Bland and Altman [117]. Paired t-tests were
used to compare the number of pain-free step downs and single leg rises from sitting at
baseline, to with foot orthoses immediately (Chapter 7, Section 7.1) and at 12 weeks
(Chapter 7, Section 7.2); pain visual analogue scales at baseline to six and 12 weeks
following the provision of prefabricated foot orthoses (Chapter 7, Section 7.2); and
scores on the AKPS and LEFS at baseline to six and 12 weeks following the provision
of prefabricated foot orthoses (Chapter 7, Section 7.2).

3.7.5 Predicting foot orthoses outcomes
Predictors of prefabricated foot orthoses outcomes were evaluated in Chapter 8.
Identifying predictors entailed two separate statistical analyses including (i) the
development of a clinical prediction rule based on clinically applicable baseline
measures (Section 8.1); and (ii) evaluation of the predictive ability of baseline
kinematics associated with foot pronation during walking (Section 8.2). Specifically, the
ability of each variable to predict PFPS individuals reporting marked improvement on
the PPCS Likert scale at 12 weeks was determined. Statistical analysis for the clinical
prediction rule (Section 8.1) involved a three step process: (i) univariate analysis; (ii)
regression analysis; and (iii) rule development.
Univariate analysis: Baseline variables for those reporting marked improvement were
compared to those reporting moderate improvement, the same, moderate worsening or
marked worsening at 12 weeks. Continuous variables were evaluated using independent
samples t-tests. Variables using Likert scales were converted into dichotomous data
with any positive response (better/less pain) considered to indicate an improvement and
any ‘same’ or negative response (worse/more pain) considered to indicate an absence of
improvement. The new dichotomous variables were then evaluated using chi-squared
statistics. All variables with a significance level of p < 0.20 were retained for regression
analysis.
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Regression analysis: Retained continuous variables were dichotomised prior to being
entered into direct regression analysis. Cut off values for each variable were determined
by establishing the value with the greatest prediction accuracy. The greatest prediction
accuracy was determined by the creation of a receiver operator characteristic (ROC)
curve for each retained variable and the identification of the point nearest the upper left
hand corner [110]. All original and newly developed dichotomous variables were then
entered simultaneously into a direct logistic regression analysis to determine
independent predictors of marked improvement. A significance level of p < 0.10 was
set for retention in the rule development stage to minimise the likelihood of excluding
potentially useful variables [119].
Rule development: The final step in determining the clinical prediction rule involved the
comparison of odds ratios and post test success rates for various combinations of the
identified predictors. The combination of variables which produced the greatest odds
ratio and post test success rate was determined to be the clinical prediction rule.
Additionally, the odds ratios and post test success rates for each individual variable was
also calculated to determine its value as an independent predictor.
A clinical prediction rule was not developed for foot pronation kinematic predictors of
marked improvement (Chapter 8, Section 8.2) for two reasons: (i) poor applicability to a
clinical setting due to specialised motion analyses expertise and facilities, and time to
complete analysis required; and (ii) the sub-population evaluated for this study
contained an inadequate number of participants to complete valid regression analysis.
Therefore, an alternative two step statistical analysis approach was chosen. The first
step involved univariate analysis using independent samples t-tests to compare baseline
kinematics in those reporting marked improvement to those reporting moderate
improvement, same, moderate worsening, or marked worsening. The significance level
set for retention at this stage was p < 0.20. The second step involved entering each
retained variable into a discriminant analysis equation. Variables with a significance
level of p < 0.05 were determined to be predictive of marked improvement at 12 weeks.
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CHAPTER 4

Foot and ankle characteristics
associated with patellofemoral pain
syndrome
4.1 Foot and ankle characteristics in patellofemoral pain
syndrome: a case-control and reliability study
In Chapter 2, the first systematic review [60] evaluated kinematic gait characteristics
associated with PFPS, including those associated with foot pronation. However, this
systematic review did not include evaluation of static foot posture. Several studies have
previously evaluated foot and ankle characteristics in individuals with PFPS, both
prospectively and retrospectively. Two prospective studies have evaluated the
association between foot posture and PFPS development [12, 120], with neither
establishing a significant link. However, both studies [12, 120] used categorical
assessment techniques for foot posture based on visual observation, which may lack the
sensitivity and and/or reliability to detect differences [75]. Only one prospective study
has evaluated the association of sagittal plane motion at the foot and ankle with PFPS
development [12]. Although univariate analysis indicated that gastrocnemius flexibility
was significantly reduced in those who developed PFPS, this was not retained as a
predictive factor following regression analysis [12].
A number of retrospective case-control studies have evaluated foot and ankle
characteristics in individuals with PFPS and controls [43, 62, 121, 122].

When

evaluating foot posture, these case-control studies have used continuous anthropometric
and footprint measures which may provide greater detail than categorical measures used
in previous prospective research [12, 121]. However, findings from these studies have
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been inconsistent, due likely to variability in measurement choice. Findings from
published prospective and case-control studies evaluating foot and ankle characteristics
in individuals with PFPS, including effect size calculations, are summarised in Table
4.1.
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Table 4.1 Previous evaluations of foot and ankle characteristics in individuals with patellofemoral pain syndrome.
PFPS mean ±
Foot and ankle characteristic
Study

measured

Design: Participants

CON mean ±

SD

SD

Effect size

(n = )

(n = )

(95% CI)

P value

14.1 ± 0.6º

13.7 ± 0.7º

0.62

< 0.001

(n = 99)

(n = 70)

(0.31 to 0.93)

43.0 ± 0.8º

41.9 ± 0.7º

1.45

(n = 99)

(n = 70)

(1.10 to 1.78)

0.238 ± 0.058

0.251 ± 0.041

-0.27

(n = 99)

(n = 70)

(-0.57 to 0.04)

Case-control: 169 male and
Duffey et al
(2000) [62]

Ankle dorsiflexion range of motion
in non-weight-bearing

female participants (PFPS = 99,
CON = 70)

Ankle plantar flexion in nonweight-bearing
Arch Index (footprint measure –
area of midfoot divided by total area

< 0.001

0.090

of footprint)
Earl et al (2005)
[43]

-1.02
Change in vertical navicular height
from sit to stand

Dierks et al (2008)
[121]

Arch height index (dorsum height at
50% foot length divided by truncated

Case-control: 32 male and female
participants (PFPS = 16, CON = 16)
Case-control: 40 male and female
participants (PFPS = 20, CON = 20)

5.1 ± 1.5 mm

6.8 ± 2.3 mm

(n = 16)

(n = 16)

0.328 ± 0.027

0.317 ± 0.024

0.43

(n = 20)

(n = 20)

(-0.20 to 1.05)

2.4 ± 1.4º

-0.2 ± 1.4 º

1.86

(n = 13)

(n = 14)

(0.91 to 2.70)

(-1.57 to -

< 0.001

0.44)
0.181

foot length)
Levinger and
Gilleard (2006) [122]

Relaxed calcaneal standing posture
(relative to the floor)

Case-control: 27 female
participants (PFPS = 13, CON = 14)

< 0.001

CI = confidence interval, CON = control group, PFPS = patellfemoral pain syndrome group, SD = standard deviation
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Table 4.1 clearly illustrates the variability in measurement techniques and lack of
consistent findings when evaluating foot and ankle characteristics in individuals with
PFPS. This highlights the need to establish consensus for the most valid measures of
foot and ankle characteristics for future PFPS research. To address this, evaluate the
presence or absence of foot and ankle characteristic differences in individuals with
PFPS, and to determine the most appropriate foot and ankle characteristic
measurements for subsequent research in this thesis, a case-control study was designed
to: (i) compare foot and ankle characteristics in individuals with PFPS to matched
controls using a variety of clinical measurements; and (ii) directly compare the intrarater
and interrater reliability of each clinical measurement evaluated to identify which
possess adequate reliability for use in future research.
This manuscript has been published as follows:
Barton CJ, Bonanno D, Levinger P, Menz HB. Foot and ankle characteristics in
patellofemoral pain syndrome: a case-control and reliability study. Journal of
Orthopaedic and Sports Physical Therapy 2010;40:286-296.
This study was presented at national and international conferences:
Barton CJ, Bonanno D, Levinger P, Menz HB. Determining the reliability and
sensitivity of foot posture measures in individuals with patellofemoral pain syndrome.
International Patellofemoral Pain Retreat. May 2009, Baltimore, USA.
Barton CJ, Bonanno D, Levinger P, Menz HB. Determining the reliability and
sensitivity of foot posture measures in individuals with patellofemoral pain syndrome.
Australasian Podiatry Council Conference. June 2009, Gold Coast, Australia.
Barton CJ, Bonanno D, Levinger P, Menz HB. Reliability and sensitivity of foot posture
measures in patellofemoral pain syndrome. Australian Physiotherapy Association
Conference. October 2009, Sydney, Australia.
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Foot and Ankle Characteristics
in Patellofemoral Pain Syndrome:
A Case Control and Reliability Study

S: To compare foot and ankle
characteristics between individuals with and
without patellofemoral pain syndrome (PFPS) and
to identify reliable weight-bearing foot and ankle
measurements for use in future research on PFPS.
t B CK

LT

RE

U D: PFPS is a common presentation to sports medicine and orthopaedic clinics.
Characteristics of the foot and ankle are often
linked with PFPS development, although evidence
to support this link is equivocal and there is a
lack of consensus on how best to evaluate these
characteristics.

ION

L

pronated foot posture when assessed by the foot
posture index and longitudinal arch angle, and for all
measurements relative to subtalar joint neutral. Foot
posture index, normalized navicular drop, and calcaneal angle relative to subtalar joint neutral measurements also possessed high reliability in both groups
when used by experienced raters. Reliability was not
influenced by rater experience or the presence of
PFPS for relaxed-stance foot posture measurements.
Both tester inexperience and the presence of PFPS
reduced reliability for all measurements of foot posture relative to subtalar joint neutral and measurement of weight-bearing ankle dorsiflexion.
OR

t BJ C

: Case-control and reliability study.

EY

t S UD D S

O

ET

ON

N

GRO

A

atellofemoral pain syndrome (PFPS) is the most common
presentation of knee pain to sports medicine and orthopaedic
clinics among adolescents and young adults.41 The condition
typically develops insidiously6,24 and can be defined by
the presence of pain in the retropatellar or peripatellar region.14
Symptoms can significantly affect functional performance13,38 and
have been reported to persist in approximately 25% of individuals

tC

ankle measurements were evaluated by 3 raters of
varying experience in 20 individuals with PFPS and
20 controls matched by age, sex, height, and body
mass. Between-group comparisons were made for
each measurement using data from an experienced podiatrist blinded to group assignment of
the participants. Intrarater and interrater reliability
was compared between all measurements using
the first 15 participants from each group.

C US : The foot posture index, normalized navicular drop, and calcaneal angle relative to
subtalar joint neutral are all reliable and sensitive
to group differences when used in a population
with PFPS. Individuals with PFPS possess a more
pronated foot posture and increased foot mobility
compared to controls. Prospective evaluation of
these measurements is now required to determine
whether they contribute to the development of
PFPS. J Orthop Sports Phys Ther 2010;40(5):286296. doi:10.2519/jospt.2010.3227

SU S: Between-group comparisons showed
that the individuals in the PFPS group had a more

posture

tM

t

H DS: A variety of weight-bearing foot and

tK

W

DS: aetiology, chondromalacia, knee,

for a mean of 16 years following initial
presentation.30 It is a common assumption that PFPS results from increased
or altered patellofemoral joint loading.45
However, the source of symptoms16 and
associated intrinsic risk factors45 are
poorly understood.
One hypothesized intrinsic risk factor
is the presence of excessively pronated
foot posture.34,43 During gait, it is thought
that a more pronated foot type leads to
excessive or prolonged pronation of the
foot and therefore greater tibial and
femoral internal rotation. 34,43 These kinematic abnormalities may then lead
to increased lateral patellofemoral joint
stress due to greater internal rotation of
the femur under the patella35 and a greater dynamic quadriceps angle.34,43 Despite
evidence to support the efficacy of foot
orthoses designed to control excessive
foot pronation when treating individuals with PFPS,7 prospective studies have
failed to establish an independent link
between foot posture and PFPS.42,46 However, as the aforementioned prospective
studies have used categorical measures of
foot posture in preference of continuous
measures and have not reported the reliability of their measurement approaches,
the validity of these findings could be
questioned. Case-control studies using
continuous measurements to determine
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Participant Characteristics*
PFPS (n = 20)

C

(n = 20)

Significance (P alue)
.493

Height (cm)

167.9 (6.8)

169.9 (8.3)

.465

Body mass (kg)

66.8 (11.3)

63.9 (14.0)

.541

23.7 (3.5)

22.0 (3.3)

.174

3682 (1642)

3028 (1400)

.279

BMI (kg/m2)
Physical activity (average weekly METs)†

O

21.9 (3.5)

ET

22.8 (4.1)

LE

ariable
Age (y)

TA

B

Abbreviations: BMI, body mass index; CON, control; MET, metabolic equivalent; PFPS, patellofemoral
pain syndrome.
* Values are mean (SD).
†
Measured using the 7-day self-administered International Physical Activity Questionnaire.

M

H DS

Participants
wenty individuals with PFPS (5
males and 15 females) were recruited via advertisements placed at La
Trobe University and in the surrounding
community. Diagnosis of PFPS was made
by a qualified physiotherapist and based
on definitions used in previous randomized clinical trials.7,12 The symptomatic
limb or most symptomatic limb from
each participant with PFPS was assessed
for eligibility. Inclusion criteria were as
follows: 18 to 35 years of age; insidious
onset of peripatellar or retropatellar knee
pain of at least 6 weeks’ duration; worst
pain intensity during the previous week
of at least 30 mm on a 100-mm visual
analogue scale; pain provoked by at least
2 activities from running, walking, hopping, squatting, stair negotiation, kneeling, or prolonged sitting; tenderness on
patellar palpation; and pain on patellofemoral joint compression or resisted
isometric quadriceps contraction at 30°
of knee flexion. Exclusion criteria were
concomitant injury or pain arising from
the lumbar spine or hip, knee internal derangement, knee ligament insufficiency,

TA

previous knee surgery, patellofemoral
joint instability, or patellar tendinopathy.
Control participants were to have no history of surgery or traumatic injury to the
low back or lower limbs and to be free of
pain and symptoms in their low back and
lower limbs for at least 6 months prior to
participation. Control participants were
matched to each of the 20 participants
with PFPS ( B 1), based on age (3
years), sex, height (5 cm), and body
mass (5 kg), and were recruited via the
same recruitment methods used for the
PFPS participants. The physical activity
levels of participants from each group
was measured using the long version of
the 7-day self-administered International
Physical Activity Questionnaire ( B 1),
which has been reported to be a valid and
reliable measurement tool.11 Both groups
of participants gave written informed
consent prior to participation and were
recruited into the study over the same period of time to prevent potential biases in
reliability or comparison results. Ethical
approval was granted by La Trobe University’s Faculty of Health Sciences Human Ethics Committee.
R

controls, using a variety of foot and ankle
clinical measurements, and (2) to directly compare the intrarater and interrater
reliability of each clinical measurement
evaluated to identify which of them also
possess adequate reliability for use in future research.

aters
Three raters were used in the study. Rater
1 was a physiotherapist with 3 years’ clinical experience and responsible for participant recruitment, screening, blinding
raters 2 and 3, and also collecting measurements on each participant for reliability purposes. Rater 2 was a podiatrist
with 8 years’ clinical experience, and rater
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LE

T

the association between foot type and
PFPS have produced equivocal findings.
Previously reported findings supporting
a link between foot posture and PFPS
have included increased midfoot mobility25 and a more everted rearfoot in relaxed stance in individuals with PFPS.21
However, other studies have reported no
association between relaxed stance arch
height and PFPS.15,25
Interestingly, the authors of one prospective study have reported decreased
gastrocnemius flexibility in individuals
who developed PFPS.46 However, this
variable was not retained following logistic regression, and the measurement
technique was not well described and had
no accompanying reliability evaluation.
Despite this, the link between restricted
ankle sagittal plane motion that may result from gastrocnemius muscle tightness
or movement limitations of other foot and
ankle structures and PFPS is plausible.
Restrictions of first metatarsophalangeal
joint (MTPJ) and ankle dorsiflexion have
been reported to increase and prolong
rearfoot eversion, respectively.8,9 Both
of these kinematic alterations have been
theoretically linked to PFPS.34,43
Equivocal results when evaluating
foot and ankle characteristics in individuals with PFPS highlights the need for
consensus with measurement choices.
Therefore, measurement techniques that
are both reliable and sensitive to detect
potential group differences need to be
established. A number of foot and ankle
measurement techniques have previously
been used in PFPS and other clinical research. However, reliability for each measurement from these studies is not always
reported, and measurements with established reliability have been evaluated by
different research groups using raters of
varying experience. This makes direct reliability comparisons inappropriate and
choosing the most appropriate measurement technique problematic for clinicians and researchers.
Therefore, the aims of this study were
(1) to compare foot and ankle characteristics in individuals with PFPS to matched

RE

]

RE

F U 3. Measurement of dorsal arch height at 50%
foot length using simple novel equipment. Foot length
was measured at the distal point of the longest toe.

RE

and medial malleolus) were then marked
with the foot relaxed. Participants were
then asked to lie prone in a figure-four
position, and a calcaneal bisection was
made with the foot positioned in 0° ankle
dorsiflexion and STJN. Using the anatomical markings, each of the following
foot posture measurements was taken in
STJN and relaxed bipedal stance.
Vertical Navicular Height (VNH) and
Navicular Drop and Drift VNH was

measured using a business card, in accordance with methods described by Menz,28
with the aid of a right-angled metal
bracket to provide stability to the card
(F U 1). To complement measurements
of the difference between STJN and relaxed stance for VNH (navicular drop),
navicular drift was also measured.28
Navicular drift involved measurement of
the lateral displacement of the business
card from STJN to relaxed stance (ie, lateral displacement of the navicular mark)
(F U 2).
Longitudinal Arch Angle (LAA) LAA
was measured using a plastic goniometer, in accordance with the methods

RE

described by McPoil and Cornwall: the
angle formed by a line from the medial
malleolus to the navicular tuberosity,
and from the navicular tuberosity to first
metatarsal head).26
Calcaneal Angle Calcaneal angle was
measured relative to a line perpendicular
from the floor using a digital inclinometer (Pro 360; Mitutoyo, Aurora, IL), positioned along the calcaneal bisection.
Dorsal Arch Height (DAH) DAH was
measured using simple novel equipment.
The equipment was used to measure the
vertical distance from the floor to the
dorsum of the foot at 50% of foot length
(F U 3).15,25
Foot length was used to normalize
navicular and DAH measures in preference of truncated foot length, due to both
its superior reliability and the absence of
toe deformities identified in our sample.
Foot length was defined as the distance
from the most posterior aspect of the
calcaneus to the most distal point of the
first or second toe, depending on which
was longer.
Prior to the measurement of sagittal
plane variables, participants were asked
to walk around the room for an additional 1 minute and complete two 30-second
lunging calf stretches. The calf stretches
were completed as it was thought that
this would yield consistent muscle flexibility and optimize reliability during
measurements by different raters and on
IG

F U 2. Measurement of navicular drop and drift
with the aid of a right-angled metal bracket to provide
stability to the card. Each of these measurements
is recorded as the distance in mm between the line
marked in subtalar joint neutral (respective superior
lines) and relaxed stance (respective inferior lines).

IG

Prior to data collection, each participant
was asked to walk for approximately 1
minute around the room. Measurements
evaluated were limited to weight-bearing
assessment, as this is thought to be more
likely to replicate function and has been
reported to possess superior reliability
when compared to non–weight-bearing
assessment.23,27 We used 5 relaxed-stance
foot posture measurements, 5 foot posture measurements relative to subtalar
joint neutral (STJN), 1 measurement to
determine first MTPJ dorsiflexion range
of motion, and 2 measurements assessing
ankle dorsiflexion range. STJN was defined as the position of the foot when the
talar head could be palpated just anterior
to the ankle mortise with equal prominence both medially and laterally.
Foot Posture Index (FPI) The FPI is a
6-item foot posture assessment tool performed during relaxed stance, with each
item scored between –2 and +2 to give
a sum between –12 (highly supinated)
and +12 (highly pronated). 37 Items include talar head palpation, curves above
and below the lateral malleoli, calcaneal
angle, talonavicular bulge, medial longitudinal arch, and forefoot-to-rearfoot
alignment.36
Following measurement of the FPI,
anatomical markings were made to assist with the remaining foot and ankle
measurements. Participants were first
placed in a supine position. Using a removable marker, the navicular tuberosity
and medial malleolus were marked with
the foot positioned in 0° ankle dorsiflexion and STJN. The first metatarsal head,
a bisection of the distal first phalanx, and
the midpoint of the anterior tibial border
(midway between the tibial tuberosity

RE

Procedure

F U 1. Measurement of vertical navicular height
(VNH) with the aid of a right-angled metal bracket to
provide stability to the card.

IG

3 was a nonclinician with only minimal
research experience in assessing rearfoot
(calcaneal) posture and no experience assessing other foot and ankle characteristics. Prior to commencing the study, all 3
raters met during 2 separate 1-hour sessions to discuss and practice techniques
to ensure consistency.

IG

IG
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Relaxed stance
NDAH
CA
IG

RE

NVNH
FPI

RE

F U 4. Measurement of weight-bearing first
metatarsophalangeal joint dorsiflexion range of
motion.

NNDrift
IG
IG

Sagittal plane measures
Ankle DF (knee extended)
Ankle DF (knee ﬂexed)

RE

NDAH difference
NNDrop
RE

IG

LAA
STJN as reference posture
CA difference
LAA difference

First MTPJ DF
–1.8

–1.2

0.0

–0.6

RE

IG

Reduced Range/Pronation in PFPS

with the knee flexed (F U 5) and knee
extended (F U 6).
Once all measurements were completed, ink marks were removed using alcohol
wipes prior to the next rater commencing
the same procedure. Each of the 3 raters
performed the same measurement approach and the sequence of raters was
randomized for each session. The first
15 participants with PFPS and 15 control
participants returned for a second session between 1 and 3 weeks following the
initial session to participate in the reliability component of the study.

different days.

RE

IG

F U 6. Measurement of weight-bearing ankle
dorsiflexion range of motion with the knee extended.

First MTPJ Dorsiflexion In bipedal

stance, first MTPJ dorsiflexion was measured relative to the horizontal using a
digital inclinometer (Pro 360; Mitutoyo)
positioned along a line between the first
metatarsal head and the horizontal bisection of the distal first phalanx (F U 4).
Weight-Bearing Ankle Dorsiflexion Ankle dorsiflexion was measured with a
digital inclinometer (Pro 360; Mitutoyo)
positioned on the mid tibial shaft, using
methods described by Munteanu et al,29

1.2

1.8

Greater Range/Pronation in PFPS

F U 7. Effect sizes with 95% confidence interval error bars for each between-group comparison. Blue
plots indicate significant findings; orange plots indicate nonsignificant findings. Abbreviations: CA, calcaneal
angle; CON, control group; DF, dorsiflexion; FPI, foot posture index; LAA, longitudinal arch angle; MTPJ,
metatarsophalangeal joint; NDAH, normalized dorsal arch height; NNDrift, normalized navicular drift; NNDrop,
normalized navicular drop; NVNH, normalized vertical navicular height; PFPS, patellofemoral pain syndrome
group; STJN, subtalar joint neutral.
A

F U 5. Measurement of weight-bearing ankle
dorsiflexion range of motion with the knee flexed.

0.6

Statistical nalysis
The symptomatic limb or most symptomatic limb from each participant with
PFPS and the corresponding limb from
each control participant were assessed.
Data from rater 2 (blinded experienced
podiatrist) was used to evaluate potential
differences in each measurement between
groups. To determine which measure(s)
were likely to be sensitive in future research, between-group comparisons were

made using multiple independent t tests
(P.05). Despite the multiple comparisons completed, Bonferroni adjustment
was not applied, because one of the aims
of this study was to evaluate the sensitivity of each measurement as a stand-alone
measure to guide future prospective research. Effect sizes and their 95% confidence intervals (CIs) for between-group
comparisons were also calculated. Between-group comparison results from
rater 2 were checked for consistency
against data from the other blinded rater
(rater 3) for the first 15 participants in
each group. Significant between-group
differences found were consistent across
both raters for all comparisons.
Intrarater and interrater reliability for
all foot posture measures was evaluated
using intraclass correlation coefficients
(ICCs2,1). ICCs above 0.90 were considered excellent, 0.75 to 0.90 considered
good, 0.50 to 0.75 considered moderate,
and below 0.50 considered poor.33 The
95% limits of agreement (LOAs) were
calculated for continuous measures, so
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Between-Group Comparisons, Including Group Mean,
Difference, Effect Size, and Significance Level

2

					

B

]

research report

PFPS*

C

*

Difference (95% C )

ffect Size (95% C )

Significance (P alue)

Relaxed stance
LAA (°)

143.6 (7.8)

150.4 (7.1)

6.9 (1.3, 12.6)

0.90 (0.23, 1.53)

.019†

FPI

2.7 (3.2)

0.3 (3.7)

2.4 (0.5, 4.4)

0.71 (0.05, 1.33)

.015†

NVNH (% foot length)

16.4 (3.3)

18.4 (2.7)

2.0 (–0.2, 4.1)

0.64 (–0.01, 1.26)

.076

CA (°)

5.3 (3.6)

3.5 (4.1)

1.8 (–0.7, 4.3)

0.46 (–0.18, 1.08)

.150

NDAH (% foot length)

24.6 (2.2)

25.6 (2.1)

1.0 (–0.7, 2.5)

0.44 (–0.20, 1.05)

.240

NNDrop (% foot length)

2.9 (1.4)

1.3 (1.8)

1.6 (0.6, 2.7)

1.02 (0.34, 1.65)

.003†

NDAH difference (% foot length)

1.4 (0.7)

0.7 (0.7)

0.7 (0.2, 1.2)

1.02 (0.34, 1.65)

.005†

NNDrift (% foot length)

3.0 (1.4)

1.4 (2.0)

1.6 (0.6, 2.7)

0.92 (0.25, 1.55)

.005†

LAA difference (°)

5.8 (3.3)

2.8 (3.4)

3.0 (0.9, 5.1)

0.90 (0.23, 1.53)

.007†

CA difference (°)

4.8 (3.1)

2.2 (3.6)

2.6 (0.8, 4.3)

0.75 (0.10, 1.38)

.006†

52.2 (12.3)

49.1 (14.0)

3.1 (–5.3, 11.5)

0.23 (–0.39, 0.85)

.452

47.5 (6.1)

43.7 (7.3)

3.8 (–0.9, 8.6)

0.57 (–0.07, 1.19)

.108

40.9 (6.7)

38.4 (7.9)

2.5 (–2.4, 7.5)

0.34 (–0.29, 0.96)

.301

R

I

Foot posture relative, STJN

Ankle DF, knee flexed (°)

RE

Ankle DF, knee extended (°)

LE

TA

First MTPJ (°)

LT

Sagittal plane measures

LE

I

ntrarater eliability

C

omparisons between groups
for each foot posture measure are
shown in B 2. A forest plot to allow easy visual comparison of effect sizes
and 95% CIs between each measure can
be found in F U 7. Compared to controls, individuals in the PFPS group demonstrated a significantly greater pronated
foot posture in relaxed stance when LAA
(effect size, 0.90) and FPI (effect size,
0.71) measures were used. In addition,
all foot posture measures using STJN
as a reference posture detected greater
ranges of motion (effect sizes, 0.75-1.02)
for the individuals in the PFPS group.

LE

roup Differences

R

Intrarater reliability (ICCs and LOAs) of
each clinical measurement is shown in
B 3. Good to excellent intrarater reliability across all 3 raters was found for the
FPI, normalized VNH, normalized DAH,
normalized navicular drop, calcaneal angle relative to subtalar joint neutral, and
first MTPJ dorsiflexion range of motion
in both groups, and for calcaneal angle,
navicular drift, and ankle dorsiflexion
range of motion (knee flexed and knee
extended) when evaluated in the control
group only. No significant between-day
differences (P.05) were found for group
means for any of the clinical measurements (data not shown).
TA

SU S

terrater reliability across all 3 raters was
found for the FPI, normalized VNH, normalized DAH, ankle dorsiflexion range
of motion (knee flexed), and first MTPJ
dorsiflexion range of motion in both
groups, and for normalized navicular
drop and drift, and ankle dorsiflexion
(knee flexed) in the control group only.
Additionally, good to excellent interrater reliability between the 2 experienced
raters was found for normalized navicular drop and calcaneal angle relative to
STJN in both groups, and for normalized
DAH relative to STJN when evaluating
the control group only. No significant
between-rater differences were found
for group means for any of the clinical
measurements (data not shown).

nterrater eliability
Interrater reliability (ICCs and LOAs)
of clinical measurement from day 1 is
shown in B 4. Good to excellent in-

ION

No sagittal plane differences (ie, ankle or
first MTPJ range of motion) were found
between groups.

I

IG

that potential errors for each item could
be quantified in units of its measurement.33 To evaluate if any significant systematic differences existed between days
or between raters, multiple independent
t tests (P.05) were calculated using the
same reliability data.

RE

TA

G

Abbreviations: CA, calcaneal angle; CON, control group; DF, dorsiflexion; FPI, foot posture index; LAA, longitudinal arch angle; MTPJ, metatarsophalangeal
joint; NDAH, normalized dorsal arch height; NNDrift, normalized navicular drift; NNDrop, normalized navicular drop; NVNH, normalized vertical navicular height; PFPS, patellofemoral pain syndrome group; STJN, subtalar joint neutral.
*Values are mean (SD).
†
P.05.

D SCUSS

P

revious research indicates a
lack of consensus on how to clinically assess foot and ankle characteristics in individuals with PFPS. This
study used a variety of weight-bearing
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Intrarater Reliability (ICC 2,1) and 95% Limits of Agreement (LOA)
of Each of the Foot and Ankle Measurements
						

3
		

		

B

Static foot posture

ater 2

ater 3

ater 1

ater 2

ater 3

		

		

						

CC (95% C )

ater 1
						

FPI

0.92 (0.86, 0.96)

0.96 (0.92, 0.98)

–1.2, 1.4

–2.9, 2.8

–2.0, 1.7

0.97 (0.90, 0.99)

0.95 (0.84, 0.98)

0.88 (0.67, 0.96)

–1.4, 1.5

–1.7, 1.4

–3.0, 2.8

CON

0.95 (0.91, 0.97)

0.92 (0.86, 0.96)

0.94 (0.89, 0.97)

–2.0, 2.2

–2.9, 2.5

–2.0, 2.6

PFPS

0.96 (0.89, 0.99)

0.95 (0.85, 0.98)

0.93 (0.79, 0.98)

–2.0, 1.7

–2.7, 2.0

–2.9, 2.8

CON

0.95 (0.91, 0.97)

0.93 (0.88, 0.96)

0.93 (0.87, 0.96)

–1.5, 1.5

–1.7, 1.7

–2.0, 2.0

PFPS

0.96 (0.88, 0.99)

0.88 (0.61, 0.96)

0.88 (0.68, 0.96)

–1.7, 1.0

–2.8, 1.5

–3.0, 2.2

CON

0.82 (0.69, 0.90)

0.89 (0.80, 0.94)

0.80 (0.66, 0.89)

–5.9, 4.5

–4.2, 3.4

–3.8, 4.4

PFPS

0.57 (0.10, 0.84)

0.78 (0.44, 0.92)

0.71 (0.30, 0.90)

–5.7, 4.3

–3.4, 5.4

–4.6, 5.3

CON

0.74 (0.56, 0.85)

0.75 (0.58, 0.86)

0.82 (0.68, 0.90)

–13.2, 11.6

–12.2, 9.8

–8.7, 10.3

PFPS

0.90 (0.72, 0.97)

0.73 (0.23, 0.91)

0.82 (0.53, 0.94)

–10.1, 8.1

–15.1, 6.7

–11.4, 11.7

Foot posture relative to STJN

						

		
		

						

		
		
		

						

		

						

LAA (°)

		

CA (°)

		

NDAH (% foot length)

		

NVNH (% foot length)

						

0.98 (0.97, 0.99)

PFPS

		

CON

						

NNDrop (% foot length)

0.91 (0.83, 0.95)

0.88 (0.79, 0.94)

–1.3, 1.0

–1.8, 1.3

–1.4, 1.5

0.88 (0.67, 0.96)

0.87 (0.66, 0.96)

0.93 (0.55, 0.98)

–1.2, 1.7

–1.2, 1.6

–1.6, 0.6

CON

0.95 (0.87, 0.98)

0.92 (0.78, 0.97)

0.94 (0.84, 0.98)

–1.3, 1.1

–2.0, 1.5

–1.2, 1.2

PFPS

0.73 (0.32, 0.91)

0.83 (0.54, 0.95)

0.77 (0.41, 0.92)

–1.7, 2.0

–1.4, 1.7

–2.5, 1.7

CON

0.85 (0.73, 0.91)

0.85 (0.73, 0.91)

0.71 (0.52, 0.83)

–0.9, 0.8

–1.0, 0.8

–1.3, 1.3

PFPS

0.83 (0.52, 0.95)

0.85 (0.58, 0.95)

0.67 (0.22, 0.88)

–0.7, 1.3

–0.6, 1.0

–1.4, 1.4

CON

0.91 (0.83, 0.95)

0.91 (0.84, 0.95)

0.83 (0.70, 0.90)

– 2.6, 1.8

–3.2, 2.6

–2.8, 3.2

PFPS

0.89 (0.76, 0.95)

0.95 (0.86, 0.98)

0.81 (0.52, 0.94)

–2.6, 2.3

–2.2, 1.6

–2.4, 3.7

CON

0.74 (0.56, 0.85)

0.81 (0.68, 0.90)

0.75 (0.58, 0.86)

–6.0, 5.0

–4.2, 4.0

–4.1, 4.9

PFPS

0.62 (0.14, 0.86)

0.57 (0.06, 0.84)

0.67 (0.25, 0.88)

–6.7, 7.6

–6.3, 7.1

–5.2, 6.4

CON

0.95 (0.87, 0.98)

0.92 (0.81, 0.97)

0.90 (0.76, 0.96)

–3.5, 5.4

–5.9, 5.5

–6.3, 6.4

PFPS

0.75 (0.40, 0.91)

0.88 (0.68, 0.96)

0.61 (0.13, 0.86)

–7.6, 5.7

–8.0, 5.4

–9.0, 10.2

CON

0.81 (0.53, 0.93)

0.85 (0.57, 0.95)

0.85 (0.61, 0.95)

–9.3, 7.4

–9.4, 5.3

–7.6, 8.3

PFPS

0.58 (0.12, 0.84)

0.38 (0.14, 0.75)

0.52 (0.04, 0.81)

–6.9, 12.0

–14.5, 10.6

–12.2, 8.3

CON

0.93 (0.80, 0.98)

0.83 (0.57, 0.94)

0.93 (0.81, 0.98)

–7.7, 7.7

–15.4, 13.7

–9.1, 11.4

PFPS

0.93 (0.79, 0.98)

0.92 (0.71, 0.98)

0.81 (0.53, 0.94)

–8.1, 7.1

–9.7, 4.8

–17.0, 11.9

CA difference (°)

						

		
		

						

		
		

NDAH difference (% foot length)

		

NNDrift (% foot length)

						

0.95 (0.90, 0.97)

PFPS

		

CON

LAA difference (°)

Sagittal plane measures
Ankle DF (knee flexed) (°)

Ankle DF (knee extended) (°)

First MTPJ dorsiflexion (°)

Abbreviations: CA, calcaneal angle; CI, confidence interval; CON, control group; DF, dorsiflexion; FPI, foot posture index; LAA, longitudinal arch angle;
MTPJ, metatarsophalangeal joint; NDAH, normalized dorsal arch height; NNDrift, normalized navicular drift; NNDrop, normalized navicular drop; NVNH,
normalized vertical navicular height; PFPS, patellofemoral pain syndrome group; STJN, subtalar joint neutral.
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Interrater Reliability (ICC 2,1) and 95% Limits of Agreement (LOA)
from Day 1 for Each of the Foot and Ankle Measurements
						

4
		

		

B

						

CC (95% C )
ater 2 and 3

ater 1 and 3

ater 1 and 2

ater 2 and 3

CON

0.92 (0.53, 0.98)

0.84 (0.58, 0.94)

PFPS

0.85 (0.59, 0.95)

0.79 (0.47, 0.93)

0.89 (0.70, 0.96)

–1.2, 3.0

–4.2, 2.2

–3.0, 2.7

0.88 (0.66, 0.96)

–2.3, 4.1

–4.9, 3.1

–2.8, 2.8

CON

0.82 (0.59, 0.95)

0.83 (0.57, 0.94)

0.87 (0.64, 0.95)

–3.2, 1.8

–2.4, 2.8

–3.1, 1.9

PFPS

0.94 (0.82, 0.98)

0.95 (0.84, 0.98)

0.89 (0.68, 0.97)

–2.3, 1.6

–3.1, 1.7

–3.5, 1.5

CON

0.99 (0.98, 0.99)

0.95 (0.86, 0.98)

0.94 (0.83, 0.98)

–1.2, 1.8

–2.2, 1.6

–1.7, 1.7

PFPS

0.96 (0.84, 0.99)

0.86 (0.62, 0.95)

0.91 (0.76, 0.97)

–0.7, 1.6

–2.9, 2.0

–1.8, 1.8

CON

0.68 (0.00, 0.90)

0.71 (–0.08-0.93)

0.75 (0.01, 0.88)

–7.0, 6.0

–4.3, 6.1

–4.7, 5.7

PFPS

0.38 (–0.09, 0.73)

0.42 (–0.05, 0.76)

0.54 (0.03, 0.82)

–9.3, 6.2

–4.4, 8.4

–5.8, 6.7

CON

0.77 (0.33, 0.92)

0.66 (0.24, 0.87)

0.67 (0.17, 0.89)

–13.4, 10.0

–14.8, 10.6

–15.9, 8.3

PFPS

0.74 (0.33, 0.90)

0.77 (0.39, 0.92)

0.81 (0.50, 0.94)

–6.7, 7.6

–14.4, 7.4

–14.1, 7.9

Static foot posture

Foot posture relative to STJN

		

						
						

		
		

						

		
		

						

		
		

						

		

LAA (°)

		

CA (°)

		

NDAH (% foot length)

						

FPI

NVNH (% foot length)

ater 1 and 3

		

		

ater 1 and 2

						

NNDrop (% foot length)

0.89 (0.70, 0.96)

0.87 (0.66, 0.95)

–1.3, 1.8

–1.0, 1.4

–0.9, 1.8

0.78 (0.34, 0.92)

0.81 (0.52, 0.94)

0.76 (0.42, 0.92)

–1.9, 1.6

–0.6, 2.7

–0.9, 2.8

CON

0.84 (0.59, 0.94)

0.83 (0.57, 0.94)

0.89 (0.70, 0.96)

–1.3, 1.5

–1.1, 1.7

–0.7, 1.5

PFPS

0.74 (0.33, 0.90)

0.67 (0.17, 0.89)

0.69 (0.02, 0.89)

–1.9, 1.9

–1.3, 3.0

–1.6, 3.2

CON

0.78 (0.45, 0.92)

0.68 (0.25, 0.88)

0.60 (–0.18, 0.87)

–0.8, 1.1

–1.4, 1.2

–1.3, 1.4

PFPS

0.66 (0.24, 0.87)

0.59 (0.10, 0.85)

0.57 (0.12, 0.84)

–1.1, 1.4

–1.1, 1.4

–1.0, 1.7

CON

0.80 (0.50, 0.93)

0.78 (0.30, 0.93)

0.75 (0.41, 0.91)

–3.8, 3.6

–2.7, 4.9

–4.2, 2.2

PFPS

0.86 (0.62, 0.95)

0.67 (0.21, 0.89)

0.62 (0.16, 0.86)

–3.9, 3.8

–3.0, 5.1

–4.2, 6.3

CON

0.59 (0.11, 0.84)

0.66 (0.26, 0.87)

0.54 (0.05, 0.82)

–5.0, 5.8

–4.6, 4.8

–4.8, 5.8

PFPS

0.48 (-0.08, 0.80)

0.76 (0.31, 0.92)

0.65 (0.22, 0.87)

–7.8, 8.2

–2.8, 6.3

–5.0, 8.8

CON

0.94 (0.82, 0.98)

0.83 (0.49, 0.95)

0.85 (0.54, 0.95)

–5.0, 4.8

–9.0, 4.3

–9.5, 4.6

PFPS

0.54 (0.07, 0.82)

0.57 (0.10, 0.83)

0.63 (–0.07, 0.89)

–11.1, 8.1

–12.9, 8.8

–10.9, 3.1

CON

0.88 (0.68, 0.96)

0.72 (0.36, 0.89)

0.66 (0.26, 0.87)

–5.1, 5.7

–16.5, 5.9

–18.0, 8.0

PFPS

0.76 (0.41, 0.92)

0.29 (–0.18, 0.68)

0.34 (–0.11, 0.71)

–8.1, 6.4

–15.3, 10.1

–14.0, 7.1

CON

0.89 (0.70, 0.96)

0.89 (0.71, 0.96)

0.81 (0.46, 0.93)

–8.6, 9.8

–20.4, 18.9

–14.8, 14.5

PFPS

0.85 (0.60, 0.95)

0.86 (0.64, 0.95)

0.82 (0.53, 0.94)

–10.5, 12.5

–10.0, 15.4

–10.2, 17.6

CA difference (°)

						

		
		

						

		
		

NDAH difference (% foot length)

		

NNDrift (% foot length)

						

0.93 (0.81, 0.98)

PFPS

		

CON

LAA difference (°)

Sagittal plane measures
Ankle DF (knee flexed) (°)

Ankle DF (knee extended) (°)

First MTPJ dorsiflexion (°)

Abbreviations: CA, calcaneal angle; CI, confidence interval; CON, control group; DF, dorsiflexion; FPI, foot posture index; LAA, longitudinal arch angle;
MTPJ, metatarsophalangeal joint; NDAH, normalized dorsal arch height; NNDrift, normalized navicular drift; NNDrop, normalized navicular drop; NVNH,
normalized vertical navicular height; PFPS, patellofemoral pain syndrome group; STJN, subtalar joint neutral.
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clinical measurements to compare foot
and ankle characteristics in individuals
with PFPS to matched controls. The reliability of each clinical measurement was
also evaluated in individuals with and
without PFPS to identify which measurement would possess adequate reliability
for use in future research. Most measurements evaluating foot posture indicated
that individuals with PFPS in this study
had a more pronated foot type compared
to their matched controls. However, reliability was variable across the measurements evaluated. Measurements that
found significant group differences and
also possessed high reliability in both
groups included the FPI, normalized
navicular drop, and calcaneal angle relative to STJN.
Using STJN as a reference posture
was more sensitive in indicating a greater
pronated foot posture in the PFPS group
than using measurements made in relaxed stance alone (FIGURE 7). Normalized
navicular drop and normalized DAH
relative to STJN produced the greatest
effect sizes (1.02) of all measurements,
indicating that these may be the most
sensitive foot posture measures to detect between-group differences. Due to
superior reliability (TABLES 2 and 3), normalized navicular drop may be the most
appropriate of these measures in future
PFPS research.
Findings of greater motion at the
foot between STJN and relaxed stance
in those with PFPS in this study is consistent with previous research reporting
that individuals with PFPS possess greater foot mobility.25 The greater foot mobility and a greater pronated foot posture
during static stance found in this study
support the theoretical link between the
foot and PFPS.34,43 Tiberio43 hypothesized
that excessive or prolonged pronation
and accompanying internal tibial rotation during gait may lead to compensatory increased femoral internal rotation
to maintain normal sagittal plane knee
mechanics. These altered lower-limb mechanics are thought to produce a greater
dynamic knee valgus and subsequent

increased lateral patellofemoral joint
stress.43
Both the LAA and the FPI indicated
that a greater pronated foot posture was
present in individuals with PFPS in this
study. However, using the FPI in preference to LAA is recommended for future
PFPS research, due to its superior intrarater and interrater reliability (TABLES 2
and 3) and comparatively smaller LOAs
(up to 4.9 and 15.9°, respectively) relative to the group mean standard deviations (3.2-3.7 and 7.1°-7.8°, respectively).
Although a previous prospective study42
failed to find an association between
FPI and PFPS, it used different methodological approaches to this study.
While the current study used the continuous score from the FPI, Thijs et al 42
categorized each participant into a certain foot type based on their FPI score,
which may have limited the sensitivity
to detect group differences. Thijs et al 42
also studied a group of military recruits
completing basic training. Therefore,
overuse, rather than abnormal structure or biomechanics, might have been
a greater contributor to PFPS development than in the civilian population in
the present study.
No group differences in normalized
DAH, normalized VNH, or calcaneal
angle were identified in this study. While
this is consistent with previous studies evaluating DAH in individuals with
PFPS,15,25 Levinger and Gilleard21 reported significantly greater rearfoot valgus
posture in their PFPS group. Because between-group differences from each study
are comparable (2.1° in Levinger and Gilleard21 versus 1.8° in the current study),
the difference in significance level may be
explained by markedly lower group mean
standard deviations reported by Levinger
and Gilleard (1.35°-1.41°).21
With findings from the current study
indicating that foot posture may differ in individuals with PFPS, consideration of the relationship between foot
posture and gait-related kinematics
must be made. If excessive foot mobility and a greater pronated foot posture

found in the current study is unable to
be controlled dynamically, then it may
explain consistent findings of delayed
peak rearfoot eversion in individuals
with PFPS during walking and running.3
Adding strength to this theoretical link,
Levinger and Gilleard21 also reported
significantly greater rearfoot eversion
during static stance in the same participants with PFPS found to possess
delayed peak rearfoot eversion during
walking.22 However, contrary to previous
hypotheses, 34,43 they reported finding no
difference in peaks or timing of peaks
for internal tibial rotation during walking.22 Considering the absence of a clear
link between foot posture/kinematics
and more proximal kinematics in individuals with PFPS, further investigation
of this relationship is needed to better
understand the potential for the foot to
contribute to PFPS development.
Contrary to prospective findings reported by Witvrouw et al,46 this study did
not find a reduction in weight-bearing
ankle dorsiflexion with the knee extended (gastrocnemius flexibility) in the
PFPS group. However, the method of assessing gastrocnemius flexibility (ie, apparatus and anatomical landmarks used,
foot position, and presence or absence of
prestretching) used by Witvrouw et al46
and its reliability were not described.
Therefore, comparing results between
the studies is difficult. Because reduced
gastrocnemius flexibility was also not retained following logistic regression in the
Witvrouw et al46 study, its significance in
the aetiology of PFPS remains unclear.
Considering that no significant betweengroup differences were found for any of
the sagittal plane measurements (FIGURE
7), available sagittal plane motion at the
foot and ankle does not appear to differ
in individuals with PFPS.
Reliability was generally lower in the
PFPS group compared to the control
group when evaluating all foot posture
measurements relative to STJN (TABLES 3
and 4). Reduced reliability in the PFPS
group may result from difficulties in
maintaining the STJN position during
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perience may be important before using
the FPI clinically or in research.
The most reliable of the remaining 4
relaxed stance foot posture measurements
were normalized DAH and normalized
VNH. Consistent with previous research
on normalized DAH18,44 and normalized
VNH,17,39 both demonstrated excellent or
almost excellent intrarater and interrater reliability across all raters. Consistent
with previously reported reliability,20,26
generally good to excellent intrarater but
only moderate to good interrater reliability was found for LAA. Calcaneal angle
measurements demonstrated the poorest reliability of all static measurements
evaluated, with only moderate to good
intrarater reliability and poor to good interrater reliability. Calcaneal angle also
possessed large LOAs (up to 9.3) ( B S 2
and 3) compared to group mean standard
deviations (3.6°-4.1°) ( B 4). Therefore,
this measure should be used with caution
in future research.
Good to excellent intrarater and interrater reliability was found for first MTPJ
dorsiflexion across all 3 raters in both the
control and PFPS group. However, reliability associated with weight-bearing
ankle dorsiflexion (knee flexed and knee
extended) measurements was more variable and appeared to be affected by both
clinical experience and the presence of
PFPS. In the PFPS group, both intrarater and interrater reliability was much
poorer and the LOA measurements were
unacceptably high when compared to the
control group, particularly for comparisons involving the 2 experienced raters
( B S 2 and 3). Although pain was not
directly recorded during ankle dorsiflexion tests, the participants with PFPS
frequently reported having pain during
testing to the primary investigator (rater
1) following the completion of testing.
Therefore, reliability differences may be
the result of variable levels of pain limiting the participant’s willingness to push
into range. Further research is needed to
investigate this relationship. Regardless
of the cause, reduced reliability indicates
that clinicians and researchers should
LE

a population with PFPS.32 Results from
Piva et al32 indicated superior interrater
reliability (ICC = 0.89-0.95) compared
to the current study (ICC = 0.76-0.81).
Their interrater reliability was, in fact,
comparable to the control population
in the current study. Because they did
not concurrently evaluate asymptomatic individuals, it is difficult to ascertain
whether their superior reliability resulted
from greater systematic interrater reliability among their raters or other factors. Other possibilities might be a lower
level of chronicity or severity of symptoms in their included participants. The
current study’s inclusion criteria required
participants to have a symptom duration
of at least 6 weeks, to present with both
positive subjective and objective clinical
findings of PFPS, and to have a minimum pain intensity of 30 mm on a 100mm visual analogue scale. In contrast,
Piva et al’s32 inclusion criteria required
participants to have minimum symptom
duration of at least 4 weeks (clinical signs
could be solely related to subjective or
objective findings without the need for
both) and minimum pain intensity was
not reported. Further research evaluating the effects of pain and chronicity on
navicular drop reliability is now needed
to better understand these betweengroup and between-study differences.
Reliability of the FPI was found to be
good to excellent for all intrarater and
interrater comparisons, regardless of experience or the presence of PFPS. These
findings are in contrast to those recently
reported by Cornwall et al10 and Evans et
al17 (using the original 8-item version of
the FPI) for populations of a similar age.
Both studies reported similar intrarater
reliability to this study, but only moderate
interrater reliability. Differences may be
related to the experience of raters used
in each study. Only 1 of the 3 raters in the
study by Cornwall et al10 and 1 of the 4
raters in the study by Evans et al17 were
reported to possess any experience using
the FPI prior to data collection. In this
study, all 3 raters had at least some experience using the FPI, indicating that ex-

TA

LE

TA

assessment due to altered proprioception and increased postural sway. Impairments to joint proprioception at the
knee have been previously reported in
individuals with PFPS.1,2 These impairments could, in turn, lead to an increase
in postural sway during stance, a finding
which has been reported to be associated
with knee pain.19 Further research investigating these possible links in individuals with PFPS is needed to understand
reliability differences found in this study.
Intrarater reliability for measures relative
to STJN was generally consistent for each
measure regardless of experience ( B
3), but interrater reliability was generally
superior between the 2 experienced raters ( B 4). Measures with the greatest
reliability included normalized navicular
drop and drift, and calcaneal angle relative to STJN. Each demonstrated good
to excellent intrarater reliability and interrater reliability between the 2 experienced raters in both groups, indicating
that they can be used in future research
with confidence. However, normalized
DAH and LAA relative to STJN demonstrated only poor to good intrarater reliability and interrater reliability between
the 2 experienced raters, indicating that
these should be used with caution.
While reliability found in this study
is consistent with previous reliability reported for navicular drop by some studies
in similarly aged normal populations,4,39,40
others have reported only moderate to
good intrarater17,31 and interrater31,39
reliability. Methodological differences
related to measurement approach may
explain these equivocal reliability findings. Unlike other studies that have reported lower reliability,17,31 this study and
other studies4,40 that have reported high
reliability for navicular drop have used
stable measuring devices, such as metal
bracket in the current study or stable digital gauges in other previous studies.4,40
Therefore, the use of a stable measuring device is recommended when using
navicular drop clinically or in research.
Only 1 other study has previously reported reliability of the navicular drop in
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S: Individuals with PFPS pos-

sess greater foot mobility and a more
pronated foot posture than asymptomatic controls. The FPI, normalized
navicular drop, and calcaneal angle relative to STJN are both sensitive to group
differences and reliable when used in
individuals with PFPS.
MP C
: Future prospective investigations of possible risk factors in PFPS
development should consider evaluating the FPI, normalized navicular drop
and drift, and calcaneal angle relative to
STJN.
C U
: The cross-sectional nature of
the study limits the ability to establish
cause and effect.
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his study evaluated the reliability and sensitivity to detect
group differences in a variety of foot
and ankle measurements when evaluating individuals with PFPS. The findings
indicated that the FPI, normalized navicular drop, and calcaneal angle relative to
STJN were able to detect a significant difference in foot posture between the PFPS
and control groups, and also possessed
high reliability when used by experienced
raters. Between-group comparisons indicated that individuals with PFPS may
possess a more pronated foot posture and
greater foot mobility than asymptomatic
controls. Prospective evaluation of these
measurements is now required to determine whether a greater pronated foot
posture or greater foot mobility are risk
factors for PFPS development. t
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all measurements described in this study
while participants are in weight bearing.
Finally, the cross-sectional nature of
the study limits the ability to establish
cause and effect. Therefore, measures
with established sensitivity and reliability, including the FPI, normalized
navicular drop, and calcaneal angle relative to STJN, now need to be evaluated
prospectively.
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use weight-bearing ankle dorsiflexion
measurements cautiously when assessing individuals with PFPS.
While intrarater reliability was consistent for weight-bearing ankle dorsiflexion measurements across all 3 raters,
interrater reliability was clearly greatest
between the 2 experienced raters ( B
3). This is in contrast to findings reported
by Munteanu et al,29 who reported good
to excellent interrater reliability across
all raters, regardless of rater experience.
However, the inexperienced rater used in
Munteanu et al’s study, as a fourth-year
podiatry student,29 would have had some
clinical experience. In contrast, the inexperienced rater in this study had no clinical experience measuring weight-bearing
ankle dorsiflexion, which might explain
the lower reliability.
The results of this study need to be
interpreted in the context of several
limitations. Firstly, although a broad array of foot and ankle clinical measures
were evaluated, the list was not exhaustive of those available to clinicians and
researchers. Therefore, other measurements which are sensitive and reliable
in a PFPS population may not have been
evaluated in the current study. Secondly,
the findings of this study indicate that
the reliability of some foot and ankle
measurements may be improved with
greater clinical experience. However,
the level of clinical experience required
to produce acceptable reliability for each
clinical measure still needs to be determined. All surface markings were made
in non-weight bearing to replicate general clinical practice and original descriptions.5,31,39 Therefore, markings may not
adequately approximate their intended
bony landmarks in a weight-bearing position due to skin movement, particularly
over more mobile prominences such as
the navicular. However, any error related to skin movement is likely to have
been consistent in both groups and is not
likely to have affected the between-group
differences found. To address this issue
in future research it is recommended
that surface markings be completed for
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CHAPTER 5

Kinematics associated with
patellofemoral pain syndrome
5.1 Walking kinematics in individuals with patellofemoral
pain syndrome: a case-control study
For the case-control study in this chapter, the gait task chosen was walking. This was
because walking is the only gait activity which is required on a daily basis by all PFPS
participants who were recruited as part of this thesis (i.e. the general population). For
the thesis, the focus of this study was on kinematics at the foot and ankle, as they
directly relate to theoretical paradigms behind foot orthoses prescription for individuals
with PFPS. However, concurrent evaluation of kinematics at the knee and hip was also
completed, as a need for simultaneous evaluation at the foot, knee and hip was
identified in Chapter 2 [61].
Findings from the systematic review in Chapter 2 [61] indicated that individuals with
PFPS may possess greater rearfoot eversion at heel strike transient [63] and delayed
peak rearfoot eversion [64, 65], but no difference in peak rearfoot eversion [64, 65] or
whole foot pronation [66]. However, these findings need to be considered in the context
of a number of methodological limitations which may have affected results [61].
Recommendations from the systematic review in Chapter 2 [61] for future case-control
studies included: addressing the potential for gait velocity differences during statistical
analysis; using a multi-segmental foot model; including PFPS participants based on
previous high quality RCT inclusion/exclusion criteria; and simultaneous evaluation of
foot, knee and hip kinematics. The following case-control study was designed to
address the aforementioned recommendations.
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Patellofemoral pain syndrome (PFPS) development is considered to be multifactorial with various knee,
hip and foot/ankle kinematic factors thought to be involved. A paucity of research evaluating kinematic
factors throughout the lower limb kinematic chain simultaneously in individuals with PFPS was
identiﬁed in a recent systematic review. The objective of this study was to compare kinematics at the
knee, hip and foot/ankle in a group of individuals with PFPS to a group of asymptomatic controls.
Twenty-six individuals with PFPS and 20 controls aged between 18 and 35 were recruited. Betweengroup comparisons were made for magnitude and timing of peak angles, and range of motion at the
forefoot (dorsiﬂexion, abduction and supination), rearfoot (dorsiﬂexion, internal rotation and eversion),
knee (ﬂexion, abduction and internal rotation) and hip (adduction and internal rotation) during walking.
The PFPS group demonstrated less peak hip internal rotation (7.08 versus 11.88, p = 0.024, p = 0.024),
earlier peak rearfoot eversion relative to the laboratory (30.4% versus 35.3% of the gait cycle, p = 0.010)
and tibia (32.7% versus 36.5% of the gait cycle, p = 0.030), and greater rearfoot dorsiﬂexion range of
motion relative to the laboratory (72.38 versus 68.28, p = 0.007). Additionally, a trend toward reduced
gait velocity (p = 0.070) was found in the PFPS group. Reduced peak hip internal rotation and gait velocity
in individuals with PFPS may indicate compensation to reduce PFJ load during walking. However, earlier
peak rearfoot eversion may be a factor related to the pathomechanical development of the condition.
ß 2010 Elsevier B.V. All rights reserved.
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1. Introduction
Patellofemoral pain syndrome (PFPS) is one of the most common
diagnoses of knee pain [1,2], commonly developing insidiously in
adolescents and young adults [3,4]. Individuals with PFPS often
report pain in the retro-patellar or peri-patellar region during tasks
that increase patellofemoral joint (PFJ) loading [5], due likely to
altered tracking or increased stress in the lateral patellofemoral joint
(PFJ) [2,6]. The cause of altered tracking or increased lateral PFJ stress
is thought to be multifactorial, with various intrinsic and extrinsic
factors proposed to be associated [4].
A number of kinematic gait characteristics are hypothesised to
contribute to increased lateral PFJ stress and PFPS development. At
the knee, altered tibiofemoral rotation and increased knee valgus
(abduction) angle are thought to increase lateral PFJ stress by altering
patellar tracking [7–9]. Additionally, foot and hip motion has been
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Tel.: +44 77457 39091.
E-mail addresses: c.barton@latrobe.edu.au (C.J. Barton), p.levinger@latrobe.
edu.au (P. Levinger), k.webster@latrobe.edu.au (K.E. Webster), h.menz@latrobe.
edu.au (H.B. Menz).

hypothesised to alter kinematics at the knee and PFJ. Speciﬁcally,
increased foot pronation during gait has been proposed to lead to
greater tibiofemoral rotation, and greater knee valgus [7,8]. Recent
research has also indicated hip musculature (abductors and external
rotators) strength deﬁcits in individuals with PFPS [1,10,11]. It is
thought these deﬁcits may increase femoral internal rotation and
adduction, resulting in elevated lateral PFJ stress [7,8,12,13].
A recent systematic review evaluating gait related kinematics
[14] reported that individuals with PFPS may possess delayed peak
rearfoot eversion [15–17] and increased peak rearfoot eversion at
heel strike [17,18]. Results from the systematic review [14]
regarding hip kinematics were more variable. Reported ﬁndings
include both greater [19] and no difference [20,21] for internal
rotation during running; reduced internal rotation during walking;
and greater [20,21] and no difference [19] for adduction during
running.
The same systematic review [14] also identiﬁed gait velocity
was generally decreased in those with PFPS, although it was not
accounted for in the statistical analysis of any previous studies.
Additionally, the majority of previous case–control studies
contained low participant numbers, with only six of the 24 studies
identiﬁed containing a minimum of 20 participants in both groups
[14]. Therefore, they may have been underpowered to detect group

0966-6362/$ – see front matter ß 2010 Elsevier B.V. All rights reserved.
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differences. Lastly, the review [14] identiﬁed a paucity of studies
evaluating the foot, knee, and hip simultaneously.
The current study compares walking kinematics theoretically
linked to PFPS development in individuals with PFPS to a group of
asymptomatic controls. Speciﬁcally, measures of foot pronation;
knee ﬂexion, abduction and internal rotation; and hip adduction
and internal rotation using gait velocity as a co-variate were
evaluated.
2. Methods
Twenty-six individuals with PFPS (5 males and 21 females) were recruited via
advertisements placed at La Trobe University, University of Melbourne, and in the
surrounding community. Mean (SD) age, height and mass of the PFPS participants
was 25.1 (4.6) years, 168.6 cm (8.4), and 66.7 kg (12.8), respectively. Diagnosis of
PFPS was based on deﬁnitions used in previous randomised controlled trials (RCTs)
[22,23]. Inclusion criteria were: aged 18–35 years old; insidious onset of
peripatellar or retropatellar knee pain of at least 6 weeks duration; worst pain
in the previous week of at least 30 mm on a 100 mm visual analogue scale; pain
provoked by at least two activities from running, walking, hopping, squatting, stair
negotiation, kneeling, or prolonged sitting; pain elicited by patellar palpation, PFJ
compression or resisted isometric quadriceps contraction. Exclusion criteria were:
concomitant injury or pain arising from the lumbar spine or hip; knee internal
derangement; knee ligament insufﬁciency; previous knee surgery; PFJ instability;
or patellar tendinopathy. Since the same participants were also recruited for a foot
orthoses clinical prediction rule study, additional exclusion criteria included use of
foot orthoses in the previous ﬁve years.
Twenty control (4 males and 16 females) participants were recruited via
advertisements placed at La Trobe University and in the surrounding community.
Control participants were required to be 18–35 years old, have no history of surgery
or signiﬁcant injury to the low back or lower limbs, have suffered no low back or
lower limb pain in the previous six months which caused them to seek treatment or
alter physical activity levels, and have not worn foot orthoses in the previous ﬁve
years. Mean (SD) age, height and mass of the control participants was 23.4 (2.3)
years, 171.1 cm (8.4), and 66.0 kg (15.4), respectively.
Participant physical activity levels were measured using the 7 day long version
International Physical Activity Questionnaire (IPAQ) [24]. All participants gave
written informed consent prior to participation and were recruited over the same
period of time. Ethical approval was granted by La Trobe University’s, Faculty of
Health Sciences Human Ethics Committee.
2.1. Kinematic analysis
The instrumented limb used in the PFPS group was the symptomatic (in those
with unilateral symptoms) or most symptomatic (in those with bilateral
symptoms) limb. The instrumented limb in the control group was randomly
selected to match the proportion of left and right limbs evaluated in the PFPS group.
Motion analysis was collected using a three dimensional motion analysis system
(Vicon MX system, Oxford Metrics Ltd., Oxford, England) combined with 10 cameras

[(Fig._1)TD$IG]
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(8 MX3 and 2 MX40) operating at a sampling frequency of 100 Hz. Thirty-six retro
reﬂective markers were placed on speciﬁc anatomical landmarks to form forefoot,
rearfoot, tibial, femoral and pelvic segments. Ground reaction forces were collected
using two force plates (Kistler, type 9865B, Winterthur, Switzerland; and AMTI,
OR6, USA) at a sampling frequency of 1000 Hz.
The Oxford Foot Model (OFM) and conventional lower limb kinematic model
(Vicon Plug-in Gait – PIG) were combined [25] to perform kinematic evaluation of
each participant during walking. For calibration purposes, each participant’s height,
mass, inter anterior–superior-iliac-spine (ASIS) distance, ASIS to greater trochanter
distance, knee width, and ankle width were recorded. Retro reﬂective markers were
placed over the following anatomical landmarks by the same investigator for each
participant: mid point of the sacrum between the posterior–superior-iliac-spines,
and bilaterally on the ASIS, lateral aspect of the femur (5 cm wand), head of the
ﬁbula, tibial tuberosity, anterior border of tibia, lateral aspect of tibia (5 cm wand),
medial and lateral malleoli, three markers bisecting the heel (distal, wand, and
proximal), lateral calcaneus, sustentaculum tali, base of ﬁrst metatarsal, head of
ﬁrst metatarsal, proximal ﬁrst phalanx, head of ﬁfth metatarsal, and base of ﬁfth
metatarsal (see Fig. 1). A relaxed standing calibration trial was then captured with
knee alignment devices (KADs) in situ (see Fig. 1A). Prior to the walking trials, the
KADs were removed and replaced with lateral femoral condyle markers.
Additionally, calibration markers deﬁning segment axes were removed (medial
malleoli, proximal heel, and ﬁrst metatarsal head).
Practice walking trials to allow familiarisation with the instrumentation and
environment were completed, until participants were comfortable, and walking
with consistent velocity. Five successful (i.e., instrumented foot landed within the
borders of the ﬁrst force plate they traversed) natural walking trials across the 12 m
walkway were then collected for each participant. Participants were not made
aware of the force plates and their starting position was modiﬁed by the
investigator to enhance the chances of a successful trial.
2.2. Data analysis
Each trial was reconstructed and the retro reﬂective markers identiﬁed and
labelled within the Vicon Nexus software. Gait events (heel strike and toe off) were
identiﬁed to allow gait velocity measurement using force plate data, and the OFM
and PIG models were applied to the captured markers. Data were exported to an
Excel template for analysis. Variables of interest included magnitude and timing of
peak angles and ranges of motion during stance for:
(i) Forefoot relative to rearfoot – dorsiﬂexion, abduction and supination.
(ii) Rearfoot relative to the laboratory – dorsiﬂexion, internal rotation, and
eversion.
(iii) Rearfoot relative to tibia – dorsiﬂexion, internal rotation, and eversion.
(iv) Knee (tibia relative to femur) – ﬂexion, abduction/valgus and internal rotation.
(v) Hip (femur relative to pelvis) – adduction and internal rotation.

2.3. Statistical analysis
All variables were assessed for normality graphically and using the skewness
statistic prior to statistical analysis. If skewness was found to be greater than  1.0,

Fig. 1. Anterior view of Oxford foot model and plug-in-gait marker placements including the knee alignment devices (KADs) (A) and posterior view of Oxford foot model
marker placements for the static trial (B).
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Table 1
Between group comparisons for the magnitude of peak angular measurements (8).
Variable

PFPS group (n = 26)

Forefoot relative to rearfoot
Dorsiﬂexion
Abduction
Supination

12.5 (5.9)
0.2 (7.6)
5.3 (4.2)

Rearfoot relative to laboratory
Dorsiﬂexion
Internal rotation
Eversion

Mean difference (95% CI)

p value

11.6 (6.1)
1.1 (8.0)
5.9 (4.4)

0.9 ( 2.8 to 4.6)
0.9 ( 3.9 to 5.7)
0.5 ( 3.2 to 2.1)

0.628
0.705
0.692

12.9 (4.0)
13.2 (6.7)
3.6 (3.7)

13.8 (4.1)
9.9 (7.0)
2.0 (3.9)

0.9 ( 3.5 to 1.7)
3.3 ( 0.9 to 7.5)
1.6 ( 3.9 to 0.9)

0.470
0.122
0.178

7.3 (4.6)
8.2 (8.4)
7.7 (3.7)

9.8 (4.8)
12.4 (8.3)
7.3 (3.9)

2.5 ( 5.3 to 0.5)
4.2 ( 0.9 to9.3)
0.3 ( 2.7 to 2.0)

0.097
0.102
0.772

Knee (tibia relative to femur)
Flexion
Abduction (valgus)
Internal rotation

16.7 (5.3)
0.9 (2.9)
10.8 (4.6)

18.8 (5.5)
0.1 (3.1)
11.8 (4.5)

2.1 ( 5.5 to 1.2)
1.0 ( 2.9 to 0.8)
1.0 ( 3.8 to 1.7)

0.199
0.260
0.453

Hip (femur relative to pelvis)
Hip adduction
Hip internal rotation

7.6 (3.3)
7.0 (6.6)

7.7 (3.2)
11.8 (6.9)

0.1 ( 2.1 to 1.8)
4.8 ( 8.9 to 0.7)*

0.877
0.024

Rearfoot relative to tibia
Dorsiﬂexion
Internal rotation
Eversion

Control group (n = 20)

Positive value: dorsiﬂexion, ﬂexion, adduction, internal rotation, supination and inversion.
*
p < 0.05.
appropriate data transformations were completed based on recommendations by
Bland and Altman [26]. Mean age, height, mass and gait velocity were compared
between groups using a one way analysis of variance (ANOVA). Kinematic variables
were compared between the two groups using three separate multivariate analyses
of variances (MANOVAs) for peak angle magnitudes, peak angle timings and angle
ranges of motion. Gait velocity was entered as a co-variate for each MANOVA
completed. The source of any differences following each MANOVA was then
established using univariate F statistics. Additionally, equality of variances were
tested for each comparison made and the adjusted p value was used when equality
could not be assumed. Effect sizes (Cohen’s d) were calculated for any signiﬁcant
group differences.

3. Results
There were no signiﬁcant differences between the groups for
age (p = 0.116), height (p = 0.316) or mass (p = 0.73). Average
weekly physical activity (IPAQ) levels were not signiﬁcantly
different between the PFPS and control group (5801  2991 versus
4761  3937 METs, p = 0.370). There was a trend toward a reduction

in gait velocity for the PFPS compared to the control group
(1.37  0.13 m/s versus 1.45  0.16 m/s, p = 0.073).
Signiﬁcance between group differences were identiﬁed for
multivariate tests of peak angle (F = 2.378, p = 0.026, see Table 1),
peak angle timing (F = 59.733, p < 0.001, see Table 2), and range of
motion (F = 7.482, p < 0.001, see Table 3) measurements. Peak hip
internal rotation was signiﬁcantly less in the PFPS group compared
to the control group (7.08 versus 11.88, p = 0.024) (see Fig. 2A) with
an effect size of 0.71 ( 1.30 to 0.10). Peak rearfoot eversion
relative to the laboratory occurred signiﬁcantly earlier for the PFPS
group compared to the control group (30.4% versus 35.3% of the
gait cycle, p = 0.010) (see Fig. 2B). Additionally peak rearfoot
eversion relative to the tibia occurred signiﬁcantly earlier for the
PFPS group compared to the control group (32.7% versus 36.5% of
the gait cycle, p = 0.030) (see Fig. 2C). Effect sizes for these timing
differences were 0.83 ( 1.42 to 0.21) and 0.66 ( 1.24 to
0.05), respectively. Rearfoot sagittal plane range of motion

Table 2
Between group comparisons for timing of peak kinematic variables (% of gait cycle).
Variable

PFPS group (n = 26)

Control group (n = 20)

Forefoot relative to rearfoot
Dorsiﬂexion
Abduction
Supination

50.8 (2.1)
39.9 (9.1)
49.4 (3.9)

52.1 (2.2)
44.9 (9.5)
51.2 (4.1)

Rearfoot relative to laboratory
Dorsiﬂexion
Internal rotation
Eversion

At heel strike
26.8 (18.2)
30.4 (5.8)

Rearfoot relative to tibia
Dorsiﬂexion
Internal rotation
Eversion

Mean difference (95% CI)

p value

1.3 ( 2.6 to 0.6)
5.0 ( 10.7 to 0.8)
1.7 ( 4.2 to 0.7)

0.060
0.088
0.155

At heel strike
28.9 (19.0)
35.3 (6.0)

NA
2.1 ( 13.6 to 9.3)
4.9 ( 8.5 to 1.3)*

NA
0.705
0.010

43.6 (3.4)
At heel strike
32.7 (5.7)

45.0 (3.5)
At heel strike
36.5 (5.9)

1.4 ( 3.5 to 0.7)
NA
3.8 ( 7.4 to 0.3)*

0.185
NA
0.035

Knee (tibia relative to femur)
Flexion
Abduction (valgus)
Internal rotation

11.6 (2.4)
6.4 (5.3)
10.3 (4.7)

12.5 (2.5)
6.3 (5.6)
10.3 (4.9)

0.9 ( 2.4 to 0.6)
0.1 ( 3.3 to 3.4)
0.0 ( 2.9 to 3.0)

0.222
0.978
0.984

Hip (femur relative to pelvis)
Hip adductiona
Hip internal rotation

16.5 (1.6)
32.0 (10.7)

16.6 (1.7)
29.8 (11.4)

0.1 ( 1.1 to 0.9)
2.2 ( 4.6 to 9.0)

0.866
0.515

NA, not applicable; positive difference: delayed timing in the PFPS group.
*
p < 0.05.
a
Statistical analysis completed using log10 transformed data.
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Table 3
Range of motion kinematic variables (8).
Variable
Forefoot relative to rearfoot
Dorsiﬂexion
Abduction
Supination

PFPS group (n = 26)

Control group (n = 20)

Mean difference (95% CI)

p value

1.1 ( 2.6–0.3)
0.6 ( 2.2–0.9)
0.2 ( 1.0–1.4)

0.126
0.392
0.707

4.1 (1.2–7.0)*
0.8 ( 0.1–1.7)
0.4 ( 0.8–1.7)

0.007
0.089
0.498

7.7 (2.4)
7.3 (2.4)
6.2 (1.9)

8.8 (2.5)
7.9 (2.5)
6.0 (2.0)

Rearfoot relative to laboratory
Dorsiﬂexion
Internal rotation
Eversion

72.3 (4.9)
5.4 (1.4)
5.7 (2.0)

68.2 (4.9)
4.6 (1.5)
5.3 (2.1)

Rearfoot relative to tibia
Dorsiﬂexion
Internal rotationa
Eversion

17.5 (3.3)
11.8 (3.8)
9.4 (3.1)

18.0 (3.5)
13.1 (4.0)
9.9 (3.3)

0.5 ( 2.6–1.6)
1.3 ( 3.6–1.1)
0.5 ( 2.5–1.4)

0.663
0.299
0.556

Knee (tibia relative to femur)
Flexion
Abduction (valgus)b
Internal rotation

10.1 (3.2)
3.2 (1.4)
9.2 (3.9)

10.9 (3.4)
3.6 (1.5)
7.9 (4.1)

0.8 ( 2.9–1.2)
0.4 ( 1.3–0.5)
1.3 ( 1.1–3.8)

0.416
0.361
0.271

Hip (femur relative to pelvis)
Hip adduction
Hip internal rotation

8.8 (2.7)
17.8 (4.1)

7.3 (2.9)
17.8 (4.3)

1.5 ( 0.2–3.2)
0.0 ( 2.6–2.6)

0.086
0.981

Positive difference: greater range of motion in the PFPS group.
*
p < 0.05.
a
Statistical analysis completed using square root transformed data.
b
Statistical analysis completed using log10 transformed data.

relative to the laboratory was found to be greater (p = 0.007) in the
PFPS group compared to the control group (72.38 versus 68.28,
p = 0.007) with an effect size of 0.84 (0.22–1.43).
4. Discussion
In a recent systematic review [14], a number of methodological
issues when evaluating kinematics during gait in individuals with
PFPS were identiﬁed. The present study is the ﬁrst to evaluate
kinematics simultaneously at the foot, knee and hip in multiple
planes during walking in a cohort of PFPS participants. Additionally, this is the ﬁrst study to account for gait velocity during
statistical analysis when evaluating kinematics in individuals with
PFPS. While several kinematic differences between groups were
observed, the key ﬁnding of the current study that may relate to the
pathomechanical development of PFPS is that despite walking
more slowly, individuals with PFPS demonstrate earlier peak
rearfoot eversion compared to controls.
Timing of peak rearfoot eversion relative to the laboratory and the
tibia was found to be 5.2 and 3.9% of the gait cycle earlier in those
with PFPS compared to the control group, respectively (see Fig. 2B
and C). This is contrary to previous PFPS case control studies which
have reported delayed peak rearfoot eversion during walking
[15,16]. Speciﬁcally, Levinger and Gilleard [16] recently reported
peak rearfoot eversion relative to the tibia in their PFPS group to
occur 7% later in stance (i.e., approximately 4% of the gait cycle)
compared to their control group. One possible explanation for these
equivocal ﬁndings is gait velocity was not accounted for by Levinger
and Gilleard [16] despite trends for a reduction in the PFPS group.
Delayed peak rearfoot eversion in Levinger and Gilleard’s PFPS cohort
[16] could have been the result of reduced gait velocity, although this
requires further evaluation. Equivocal peak rearfoot eversion timing
results also need to be considered in the context of large variability
across individuals. In this study the timing of peak rearfoot eversion
relative to the laboratory and tibia in the PFPS group ranged from 17%
to 41%, and 21% to 45% of the gait cycle, respectively. This variability
could very easily lead to inconsistent ﬁndings between studies and
may reﬂect a diversity of factors associated with PFPS.
Earlier peak rearfoot eversion in the current PFPS cohort may
indicate more rapid rearfoot eversion following heel strike in some

individuals with PFPS. Theoretically, this may result in greater and
more rapid loading at the knee and PFJ. Further research evaluating
the velocity of rearfoot eversion motion and its impact on knee
joint loading during gait in individuals with PFPS is needed.
Considering the large variability in peak rearfoot eversion timing in
this cohort and equivocal ﬁndings from previous studies [15,16],
sub-populations of individuals with PFPS with different timing
patterns may exist. Levinger and Gilleard [16] hypothesised that
the delayed peak rearfoot eversion found in their PFPS cohort may
indicate prolonged foot pronation. Identiﬁcation of possible subpopulations of individuals with PFPS possessing both earlier and
delayed timing of peak rearfoot eversion may require cluster
analysis on larger sample sizes.
Consistent with the only other previous study to report hip
(femoral) transverse plane kinematics in individuals with PFPS
[27], the PFPS group in this study demonstrated 4.88 less peak hip
internal rotation (see Fig. 2A). Interestingly, the observation of
reduced peak hip or femoral internal rotation in individuals with
PFPS is contrary to traditional theory [7,8,13]. Powers et al. [27]
hypothesised that reduced hip internal rotation during walking
may be a compensatory strategy by individuals with PFPS to
reduce dynamic quadriceps angle and PFJ loading. Although this is
a plausible explanation, further research evaluating the inﬂuence
of variations to hip motion on pain levels and PFJ stresses in
individuals with PFPS is needed.
Rearfoot sagittal plane motion relative to the laboratory was the
only range of motion variable found to differ in the PFPS group.
Speciﬁcally, the PFPS group demonstrated 4.18 more range of
rearfoot sagittal plane motion compared to the control group.
Because there is no apparent difference between the groups
graphically (Fig. 2D), it would appear that this difference may be
related to gait velocity, which was entered as a covariate.
Additionally, this difference did not exist when the rearfoot was
evaluated relative to the tibia, indicating the ﬁnding may not have
any implications more proximally. The signiﬁcance of rearfoot
sagittal plane motion to PFPS requires further evaluation.
Excessive foot pronation is frequently linked theoretically to
PFPS development [7,8]. This was the ﬁrst study to evaluate
kinematics associated with foot pronation at both the rearfoot (i.e.,
eversion, dorsiﬂexion and internal rotation) and forefoot (i.e.,
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dorsiﬂexion, abduction and supination) in individuals with PFPS.
Consistent with previous case control studies [15,16,27], no group
differences for the magnitude of any peak angles associated with
foot pronation were found. An inability to establish foot pronation
magnitude or any other variable theoretically linked to PFPS
development (e.g., greater hip adduction) may reﬂect the
conditions clinical diversity of this condition. It is conceivable
that a number of sub-populations exist, where different kinematic
variables have lead to PFPS development. Additional research
using cluster analysis and greater participant numbers may be
needed to identify these sub-populations.
The lack of association between measures of foot pronation
magnitude and PFPS may be inﬂuenced by the exclusion of
participants who had worn foot orthoses in the previous 5 years.
This was due to concurrent participation in a foot orthoses clinical
trial. Traditionally, excessive pronators are more likely to be
prescribed foot orthoses. Therefore, a number of PFPS individuals
with excessive pronation magnitude during gait may have been
excluded. However, the same exclusion criteria were also applied
to the control group, which may limit its impact on results. Another
explanation may be the reduction in peak hip internal rotation
found in the current PFPS cohort lead to reduced dynamic foot
pronation due to the presence of temporal joint coupling [28].
Further research is needed to establish if such a link between the
foot and hip exists in individuals with PFPS.
Contrary to a previous case–control study reporting reduced
knee ﬂexion during loading (at 10 and 20% of the gait cycle) [29],
peak knee ﬂexion was not found to signiﬁcantly differ in the PFPS
cohort from this study. These equivocal results may be attributed
to gait velocity being entered as a co-variate during statistical
analysis in this study. Nadeau et al. [29] did not report or account
for gait velocity in their study. Because other studies indicate that
gait velocity is generally decreased in individuals with PFPS [14], it
is possible that reduced knee ﬂexion in Nadeau et al.’s [29] PFPS
cohort may have resulted from reduced gait velocity. Such a
compensatory strategy may reduce quadriceps muscle activity and
subsequent loading on the PFJ. The inﬂuence of gait velocity on
kinematics in individuals with PFPS and its possible affects on pain
during walking requires evaluation.
Possible compensatory kinematic differences identiﬁed in this
study highlight the limitations of case–control studies to determine risk factors associated with PFPS. The potential impact of
compensatory strategies on future case–control study ﬁndings
may be reduced by evaluation of ﬁxed speed walking or more
difﬁcult tasks such as stair descent, squatting and running.
Additionally, prospective research is needed to distinguish
between cause and effect relating to PFPS kinematics.
5. Conclusion
Findings of reduced peak hip internal rotation and trends
toward reduced gait velocity in individuals with PFPS may indicate
their ability to compensate and reduce PFJ load during walking.
However, despite walking more slowly, individuals with PFPS
demonstrate earlier peak rearfoot eversion compared to controls –
a factor that may be related to the pathomechanical development
of the condition. The use of a prospective research design, which
includes greater participant numbers and the use of cluster
analysis in future research, may identify additional kinematic
factors associated with the development of PFPS.
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5.2 Additional data analysis: Relationship between gait
velocity and lower limb kinematics in individuals with
patellofemoral pain syndrome and asymptomatic controls

5.2.1 Background
Findings from the case-control study (see Section 5.1) were based on analysis with gait
velocity entered as a covariate. This was the first case-control study evaluating
kinematics in individuals with PFPS which has accounted for gait velocity during
statistical analysis. The justification for accounting for gait velocity during statistical
analysis was that gait velocity was generally found to be reduced in individuals with
PFPS in previous case-control studies [61]. Additionally, previous studies evaluating
the influence of gait velocity on lower limb kinematics have indicated this reduction
may significantly impact on case-control results. It has been reported in various
population that reduced gait velocity during walking is associated with reduced lumbar
motion [68], peak ankle dorsiflexion [67], peak knee flexion [67] and peak hip
extension [69].
Consistent with previous research which did not account for gait velocity [66], findings
from the case-control study in this chapter indicated that individuals with PFPS walk
with a reduction in peak hip internal rotation (see Section 5.1). This would indicate that
gait velocity may not influence hip internal rotation in individuals with PFPS. However,
findings were contrary to previous research for both the timing of peak rearfoot eversion
and magnitude of peak knee flexion. Previous research studies which did not account
for gait velocity during statistical analysis have reported delayed peak rearfoot eversion
[65, 123] and reduced magnitude of knee flexion [124] during walking. However,
findings from the case-control study in this chapter indicated earlier peak rearfoot
eversion and no difference in peak knee flexion (see Section 5.1).
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As alluded to in the discussion of the case-control study (see Section 5.1), the equivocal
findings between studies may be partially explained by gait velocity variations in
individuals with PFPS. Two of the previous three studies mentioned reported gait
velocity of their participants [64, 124]. Although no statistically significant differences
in gait velocity were reported between groups for either study, both reported trends
towards reduced velocity in their PFPS groups [64, 124]. The third study did not report
gait velocity for either group [65]. Considering equivocal findings between previous
case-control studies [65, 123, 124] and the case-control study from this chapter (see
Section 5.1) may have been influenced by gait velocity, the effects of gait velocity on
lower limb kinematics in individuals with PFPS need to be established.

5.2.2 Methods
Additional data analysis using the same participants and data from the case-control
study in this Chapter (see Section 5.1) was completed. Specifically, correlation
coefficients (Pearson’s r) between gait velocity and lower limb kinematics in both the
PFPS and control populations were calculated.

5.2.2 Results
Correlation coefficients between gait velocity and the magnitude of peak joint angles
can be found in Table 5.1. In the PFPS group, reduced gait velocity was associated with
increased peak rearfoot internal rotation relative to the laboratory in the PFPS group,
explaining 28% of variance. In the control group, reduced gait velocity was associated
with decreased peak knee flexion, explaining 32% of variance. Additionally, there was
trend toward a significant association between reduced gait velocity and reduced peak
knee flexion in the PFPS group (p = 0.061), explaining 14% of variance.
Correlation coefficients between gait velocity and the timing of peak joint angles can be
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found in Table 5.2. In the PFPS group, reduced gait velocity was associated with
delayed peak forefoot dorsiflexion and supination, rearfoot eversion relative to the
laboratory and rearfoot dorsiflexion relative to the tibia, explaining 27, 35, 19 and 43%
of variance, respectively. In the control group, reduced rearfoot eversion was associated
with delayed peak forefoot dorsiflexion and supination, explaining 36 and 26% of
variance, respectively.
Correlation coefficients between gait velocity and the angular range of motion
measurements can be found in Table 5.3. In the PFPS group, reduced gait velocity was
associated with reduced range of motion of rearfoot dorsiflexion relative to the
laboratory, knee flexion, and hip adduction, explaining 77, 19 and 36% of variance. In
the control group, reduced gait velocity was associated with reduced range of motion of
rearfoot dorsiflexion relative to the laboratory and knee internal rotation, explaining 65
and 23% of variance respectively. Additionally, there were trends toward a significant
association between reduced gait velocity and reduced range of motion of knee flexion
(p = 0.087) and hip adduction (p = 0.070) in the control group, explaining 15 and 17%
of variance, respectively.
Table 5.1 Correlations between gait velocity and the magnitude of peak angular
measurements.

PFPS group (n = 26)

Control group (n = 20)

r value

p value

r value

p value

Dorsiflexion

0.097

0.636

0.350

0.142

Abduction

0.027

0.895

-0.131

0.582

Supination

-0.153

0.456

0.096

0.687

0.195

0.341

0.132

0.579

-0.533**

0.005

-0.176

0.457

0.056

0.786

-0.037

0.877

Variable
Forefoot relative to rearfoot

Rearfoot relative to laboratory
Dorsiflexion
Internal rotation
Eversion
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Rearfoot relative to tibia
Dorsiflexion

-0.192

0.358

-0.064

0.789

Internal rotation

0.143

0.495

-0.130

0.585

Eversion

-0.235

0.259

-0.090

0.706

Flexion

0.372

0.061

0.566**

0.009

Abduction (valgus)

-0.101

0.623

-0.036

0.880

Internal rotation

0.207

0.321

0.228

0.334

Hip adduction

0.046

0.825

0.306

0.189

Hip internal rotation

-0.123

0.549

-0.089

0.717

Knee (tibia relative to femur)

Hip (femur relative to pelvis)

PFPS = patellofemoral pain syndrome
Positive value = reduced gait velocity associated with reduced peak dorsiflexion, flexion, adduction,
internal rotation, supination and inversion.
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Table 5.2 Correlations between gait velocity and the timing of peak angular
measurements.

PFPS group (n = 26)

Variable

Control group (n = 20)

r value

p value

r value

p value

-0.520**

0.006

-0.598**

0.007

Abduction

-0.307

0.127

-0.162

0.494

Supination

-0.591**

0.001

-0.510*

0.022

NA

NA

NA

NA

0.376

0.058

0.201

0.394

-0.431*

0.028

0.001

0.996

-0.655**

<0.001

-0.298

0.202

Internal rotation

0.126

0.548

-0.050

0.833

Eversion

-0.255

0.219

0.177

0.456

Flexion

0.262

0.197

-0.272

0.246

Abduction (valgus)

0.283

0.161

-0.149

0.530

Internal rotation

0.211

0.311

0.009

0.968

Hip adduction

-0.129

0.531

-0.016

0.947

Hip internal rotation

-0.130

0.527

-0.119

0.627

Forefoot relative to rearfoot
Dorsiflexion

Rearfoot relative to laboratory
Dorsiflexion
Internal rotation
Eversion
Rearfoot relative to tibia
Dorsiflexion

Knee (tibia relative to femur)

Hip (femur relative to pelvis)

NA = not applicable, PFPS = patellofemoral pain syndrome
Positive value = reduced gait velocity associated with earlier timing.
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Table 5.3 Correlations between gait velocity and the angular range of motion
measurements.

PFPS group (n = 26)

Control group (n = 20)

r value

p value

r value

p value

Dorsiflexion

0.183

0.370

-0.039

0.874

Abduction

0.333

0.096

0.163

0.493

Supination

-0.375

0.059

-0.219

0.353

0.875**

<0.001

0.807**

<0.001

Internal rotation

0.061

0.769

-0.160

0.500

Eversion

0.279

0.167

-0.050

0.833

Dorsiflexion

-0.236

0.257

-0.166

0.484

Internal rotation

0.089

0.666

0.329

0.156

Eversion

-0.023

0.914

-0.135

0.571

Flexion

0.431*

0.028

0.393

0.087

Abduction (valgus)

0.222

0.276

0.084

0.725

Internal rotation

0.240

0.249

0.478*

0.033

0.600**

0.001

0.414

0.070

-0.214

0.293

-0.033

0.893

Variable
Forefoot relative to rearfoot

Rearfoot relative to laboratory
Dorsiflexion

Rearfoot relative to tibia

Knee (tibia relative to femur)

Hip (femur relative to pelvis)
Hip adduction
Hip internal rotation
PFPS = patellofemoral pain syndrome
Positive value = reduced gait velocity associated with reduced range of motion.
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5.2.3 Discussion
Previous case-control research has indicated individuals with PFPS may walk with
reduced gait velocity [61]. However, the influence of gait velocity on lower limb
kinematics in individuals with PFPS has not been previously established. Additionally,
in many case-control studies, gait velocity is not considered during statistical analysis
[61]. Findings from the additional analysis indicate a large number of kinematic
variables are influenced by gait velocity in both individuals with PFPS and controls.
This highlights the importance of considering gait velocity during case-control studies
and justifies accounting for it in the case-control study presented earlier in this Chapter
(see Section 5.1).
The case-control study from this Chapter (see Section 5.1) produced some equivocal
findings compared to previous case-control studies [64, 65, 124]. These included the
timing of peak rearfoot eversion relative to the tibia (i.e. earlier (see Section 5.1)) and
the magnitude of peak knee flexion (i.e. no difference (see Section 5.1)). In the
discussion section of the case-control study presented earlier in this Chapter (see
Section 5.1) it was hypothesised that these equivocal findings may result, at least
partially, from gait velocity being entered as a covariate. Findings from the additional
analysis support this suggestion, indicating that reduced gait velocity may be associated
with reduced knee flexion and delayed peak rearfoot eversion relative to the tibia during
walking. Therefore, it is possible that both reduced peak knee flexion [124] and delayed
peak rearfoot eversion [64, 65] reported previously in individuals with PFPS may be the
result from gait velocity compensation, and not be associated with PFPS development.
However, prospective research evaluating both gait velocity and gait related kinematics
in individuals that go on to develop PFPS is needed to adequately explore this
possibility.
One surprising finding in the case-control study presented earlier in this Chapter (see
Section 5.1) was that individuals with PFPS possessed greater rearfoot sagittal plane
range of motion relative to the laboratory during walking. When viewing the graph of
rearfoot sagittal plane range of motion relative to the laboratory, there did not appear to
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be any difference between the groups (see Section 5.1, Figure 2D). This would indicate
that the inclusion of gait velocity as a covariate was the likely explanation for the
significant difference between the groups. This was confirmed by findings in the
additional analysis indicating that decreased gait velocity was associated with decreased
rearfoot sagittal plane range of motion relative to the laboratory. The strength of
association was high in both the PFPS and control groups, explaining 77 and 66% of
variance, respectively. This would indicate that rearfoot sagittal plane range of motion
relative to the laboratory is strongly related to gait velocity and unlikely to be related to
PFPS pathology.
The only other significant finding in the case-control study presented earlier in this
Chapter (see Section 5.1) was the presence of reduced peak hip internal rotation in
individuals with PFPS. Importantly, this was consistent with another case-control study
which did not account for gait velocity during statistical analysis despite a significant
reduction in their PFPS group [66]. In addition to this, no correlations between hip
internal rotation kinematics and gait velocity were identified in the additional analysis.
Therefore, the finding of reduced peak hip internal rotation in individuals with PFPS
appears to be related to PFPS pathology and unrelated to gait velocity. Considering that
increased femoral internal rotation in individuals with PFPS has been reported to be
associated with increased lateral patellar displacement [40, 125] and elevated PFJ stress
[41], reduced peak hip internal rotation during walking may still be a compensatory
strategy. Further evidence for this is provided by reported findings that hip internal
rotation may be increased during fixed-speed running [35], a task which may be too
complex to allow compensation. However, further prospective research evaluating
kinematics during various tasks in individuals who go on to develop PFPS is needed to
clarify this.
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CHAPTER 6

Association between static and
dynamic foot function
6.1 Relationships between the Foot Posture Index and foot
kinematics during gait in individuals with patellofemoral
pain syndrome
In the previous two chapters case-control studies evaluating both static (see Chapter 4)
and dynamic (see Chapter 5) measures of foot pronation in individuals with PFPS were
presented. Chapter 4 identified that the multisegmental and multiplanar FPI possessed
good intra- and inter-rater reliability (ICCs > 0.75) [110] across all raters in the PFPS
group, and was able to detect a more pronated foot in individuals with PFPS [71].
However, if the FPI is to be used to guide foot orthoses prescription in individuals with
PFPS, establishing its ability to provide insight into dynamic foot function is important.
Therefore, using the same participants and kinematic data from Chapter 5, the level of
correlation between clinical the FPI, and foot pronation kinematics including (i)
forefoot dorsiflexion; (ii) forefoot abduction; and (iii) rearfoot eversion kinematics
during walking was evaluated.
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Abstract
Background: Foot posture assessment is commonly undertaken in clinical practice for the evaluation of individuals
with patellofemoral pain syndrome (PFPS), particularly when considering prescription of foot orthoses. However,
the validity of static assessment to provide insight into dynamic function in individuals with PFPS is unclear. This
study was designed to evaluate the extent to which a static foot posture measurement tool (the Foot Posture
Index - FPI) can provide insight into kinematic variables associated with foot pronation during level walking in
individuals with PFPS and asymptomatic controls.
Methods: Twenty-six individuals (5 males, 21 females) with PFPS aged 25.1 ± 4.6 years and 20 control participants
(4 males, 16 females) aged 23.4 ± 2.3 years were recruited into the study. Each participant underwent clinical
evaluation of the FPI and kinematic analysis of the rearfoot and forefoot during walking using a three-dimensional
motion analysis system. The association of the FPI score with rearfoot eversion, forefoot dorsiflexion, and forefoot
abduction kinematic variables (magnitude, timing of peak and range of motion) were evaluated using partial
correlation coefficient statistics with gait velocity entered as a covariate.
Results: A more pronated foot type as measured by the FPI was associated with greater peak forefoot abduction
(r = 0.502, p = 0.013) and earlier peak rearfoot eversion relative to the laboratory (r = -0.440, p = 0.031) in the PFPS
group, and greater rearfoot eversion range of motion relative to the laboratory (r = 0.614, p = 0.009) in the control
group.
Conclusion: In both individuals with and without PFPS, there was fair to moderate association between the FPI
and some parameters of dynamic foot function. Inconsistent findings between the PFPS and control groups
indicate that pathology may play a role in the relationship between static foot posture and dynamic function. The
fair association between pronated foot posture as indicated by the FPI and earlier peak rearfoot eversion relative to
the laboratory observed exclusively in those with PFPS is consistent with the biomechanical model of PFPS
development. However, prospective studies are required to determine whether this relationship is causal.

Background
Foot posture assessment is frequently undertaken in
clinical practice for the evaluation of individuals with
lower limb overuse injuries, particularly when considering prescription of foot orthoses. One condition for
which foot posture assessment is commonly performed
is patellofemoral pain syndrome (PFPS) [1,2], as it is
believed that individuals with PFPS who demonstrate
* Correspondence: c.barton@latrobe.edu.au
1
School of Physiotherapy, Faculty of Health Sciences, La Trobe University,
Bundoora, Victoria, Australia
Full list of author information is available at the end of the article

signs of excessive foot pronation are likely to benefit
from foot orthoses [1,2]. It is theorised that controlling
excessive foot pronation will, in turn, limit the amount
of tibial and femoral rotation; kinematic variables linked
to patellofemoral joint loading [3-5].
Despite a paucity of empirical evidence supporting the
theoretical rationale underpinning foot orthoses prescription for individuals with PFPS, most studies evaluating the foot orthoses efficacy in this population have
only included individuals with signs of “excessive” pronation [6]. However, there is no consensus amongst
these studies for the most valid method to evaluate foot

© 2011 Barton et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.
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pronation [6]. Additionally, the reliability and validity of
previous methods used for individuals with PFPS have
not been adequately examined [6]. Considering the
emphasis on assessing foot pronation when prescribing
foot orthoses for individuals with PFPS, valid, reliable
and easy to implement clinical tests are essential. Razeghi and Batt [7] completed a critical review of clinically
based foot classification and observed that many clinically based measures of foot posture possessed good
reliability and face validity. However, they noted that the
ability of foot posture assessments to predict dynamic
function has not been well established [7].
One easy to implement clinical assessment tool to
evaluate foot posture with good face validity is the Foot
Posture Index (FPI) [8]. The FPI evaluates the multisegmental nature of foot posture in all three planes and
does not require the use of specialised equipment [8].
Additionally, our recent study indicated that the FPI was
able to detect differences between those with and without PFPS (i.e. more pronated foot type in the PFPS
group) and also possessed high intra- and inter-rater
reliability individuals with PFPS (ICCs) [9]. Although
this study provided some justification for the use of the
FPI in clinical and research settings involving individuals
with PFPS, its ability to provide insight into dynamic
function in this population is unclear.
A number of studies attempting to correlate clinical
measures of foot posture with dynamic foot function during gait in healthy individuals have been published
[10-13] since Razeghi and Batt’s [7] review. Although all
of these studies reported static clinical measurements to
be associated with dynamic function, a number of methodological issues need to be considered, particularly when
attempting to apply these findings to a PFPS population.
Three of these studies [10,11,13] used two dimensional
video analysis, which may not provide adequate representation of the multiplanar three-dimensional motion
occurring at the foot during gait. Additionally, one study
evaluated arch height [13] which has subsequently been
found to poorly discriminate between individuals with
PFPS and controls [9]; and two [10,11] evaluated longitudinal arch angle, which exhibits poor reliability in individuals with PFPS [9]. Finally, all four studies [10-13]
evaluated an asymptomatic population, limiting their
applicability to a PFPS population.
In a recent study, Chuter [12] evaluated the relationship between three-dimensional rearfoot kinematics and
the FPI and reported that the FPI score was able to
explain 85% of the variance in peak rearfoot eversion.
However, like other studies which evaluated clinical foot
posture measures [10,11,13], these findings were limited
to a population without defined pathology. Only one
study has evaluated the association of static with
dynamic foot function in individuals with PFPS [14].
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Although this study reported that static relaxed calcaneal angle was able to explain 59% of the variance in
peak rearfoot eversion [14], the three dimensional marker based analysis used for static assessment is not easily
replicated in a clinical setting.
Considering the findings presented above, there
appears to be a paucity of studies evaluating relationships
between static foot posture and dynamic foot function,
specifically in individuals with PFPS. The two studies
evaluating three dimensional kinematics have included
only one kinematic variable: the magnitude of peak rearfoot eversion [12,14]. Therefore, the effect of static foot
posture on other kinematic parameters associated with
foot pronation often observed visually in a clinical setting, such as forefoot dorsiflexion (arch flattening) and
abduction, remains unclear. Additionally, the association
of foot posture with kinematics previously linked to PFPS
including peak rearfoot eversion timing [15-18] and
range of motion [16] has not been previously evaluated.
Considering the good face validity and previously established reliability of the FPI in individuals with PFPS [9],
this study was designed to further investigate its validity
(i.e. ability to provide insight into dynamic function). Specifically, the degree of correlation between the FPI and
(i) forefoot dorsiflexion; (ii) forefoot abduction, and
(iii) rearfoot eversion kinematics during walking was evaluated in individuals with PFPS and asymptomatic controls.

Methods
Participants

Patellofemoral pain syndrome and control participants
were recruited from a case-control study evaluating
lower limb kinematics [18]. All participants were
recruited via advertisements placed at La Trobe
University, Melbourne University and on noticeboards
in the greater Melbourne area. All participants gave
written informed consent prior to participation and
were recruited into the study over the same period of
time. Ethical approval was granted by La Trobe
University’s Faculty of Health Sciences Human Ethics
Committee. Participants included 26 individuals with
PFPS (5 males and 21 females) and 20 asymptomatic
controls (4 males and 16 females). Mean (SD) age,
height and mass of the PFPS participants was 25.1
(4.6) years, 168.6 (8.4) cm, and 66.7 (12.8) kg respectively. Mean (SD) age, height and mass of the control
participants was 23.4 (2.3) years, 171.1 (8.4) cm, and
66.0 (15.4) kg, respectively. The physical activity levels
of participants from each group was measured using
the long version of the 7 day self administered International Physical Activity Questionnaire (IPAQ) [19].
Mean (SD) weekly activity levels were 5801 (2991) and
4761 (3937) metabolic equivalents for the PFPS and
control groups, respectively.
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Diagnosis of PFPS was based on definitions used in
previous RCTs [20,21]. Inclusion criteria were: aged 18 35 years old; insidious onset of peripatellar or retropatellar knee pain of at least 6 weeks duration; worst pain
in the previous week of at least 30 mm on a 100 mm
visual analogue scale; pain provoked by at least two
activities from running, walking, hoping, squatting, stair
negotiation, kneeling, or prolonged sitting; pain elicited
by patellar palpation, PFJ compression or resisted isometric quadriceps contraction. Exclusion criteria were:
concomitant injury or pain arising from the lumbar
spine or hip; knee internal derangement; knee ligament
insufficiency; previous knee surgery; PFJ instability; or
patellar tendinopathy. As the same participants were
also recruited for a foot orthoses clinical prediction rule
study, additional exclusion criteria included use of foot
orthoses in the previous five years. Control participants
were required to be 18 - 35 years old, have no history of
surgery or significant injury to the low back of lower
limbs, have suffered no low back or lower limb pain in
the previous six months which caused them to seek
treatment or alter physical activity levels, and have not
worn foot orthoses in the previous five years.
Procedures

Each participant attended a single data collection session
involving evaluation of the FPI and lower limb kinematics during walking. The tested limb used in the
PFPS group was the symptomatic (in those with unilateral symptoms) or most symptomatic (in those with
bilateral symptoms) limb. The tested limb in the control
group was randomly selected to match the proportion
of left and right limbs evaluated in the PFPS group.
Prior to motion analysis testing, the FPI was recorded
by a single rater with previously established intra-rater
(ICC = 0.88 - 0.97) and inter-rater reliability (0.79 0.88) in a PFPS population [9].
Foot posture was evaluated using the FPI, a six item
foot posture assessment tool, where each item is scored
between -2 and +2 to give a sum total between -12
(highly supinated) and +12 (highly pronated) [8]. Items
include: talar head palpation, curves above and below
the lateral malleoli, calcaneal angle, talonavicular bulge,
medial longitudinal arch, and forefoot to rearfoot
alignment [8].
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sampling frequency of 1000 Hz. Retro-reflective markers
were placed on specific anatomical landmarks in accordance with the Oxford Foot Model (OFM) and PlugIn
Gait as described by Stebbins et al [22] (see Figure 1).
This allowed the formation of forefoot, rearfoot and
tibial segments. The forefoot segment was formed by
markers placed on the base of first metatarsal, head of
first metatarsal, head of fifth metatarsal, and base of
fifth metatarsal. The rearfoot segment was formed by
three markers bisecting the heel (distal, wand, and proximal), and markers placed on the lateral calcaneus and
sustentaculum tali. The tibial segment was formed by
markers placed on the head of the fibula, tibial tuberosity, anterior border of tibia, lateral aspect of tibia (5 cm
wand), and medial and lateral malleoli. Additionally, the
knee joint centre calculated from PlugIn Gait was used
to define the tibial segment in the OFM. The following
additional marker placements were required for the PlugIn Gait model to form the thigh and hip segments: lateral aspect of the femur (5 cm wand), the anterior
superior iliac spine, and the sacrum (see Figure 1).
A relaxed standing calibration trial was then captured
with knee alignment devices (KADs) in situ. The knee
joint centre calculated from this static trial was used to
define the tibial segment in the OFM. Prior to the walking trials, the KADs and the calibration markers used to
define segment axes were removed (medial malleoli,
proximal heel, and first metatarsal head). Practice walking trials to allow familiarisation with the instrumentation and environment were then performed. Once
participants were comfortable and walking with consistent velocity, motion analysis data collection commenced. Each participant was asked to walk at their
natural comfortable speed across a 12 m walkway. Five
successful trials (i.e. instrumented foot landed within the
borders of the first force plate they traversed) were
A

B

Kinematic analysis

Motion analysis was conducted using a three dimensional motion analysis system (Vicon MX system,
Oxford Metrics Ltd, Oxford, England) with 10 cameras
(8 × MX3 and 2 × MX40) operating at a sampling frequency of 100 Hz. Ground reaction forces were collected using two force plates (Kistler, type 9865B,
Winterthur, Switzerland; and AMTI, OR6, USA) at a

Figure 1 Anterior view of Oxford foot model and plug-in-gait
marker placements (A) and posterior view of Oxford foot
model marker placements (B) for the static trial.
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collected for each participant. Participants were not
made aware of the force plates and their starting position was modified by the investigator to enhance the
chances of a successful trial.
Data processing

Each trial was reconstructed and the retro reflective
markers identified and labelled within the Vicon Nexus
software. Initial heel strike and toe off were defined
using force platform data. The second heel strike (signalling the end of the gait cycle) was defined as the
point where the movement trajectory of the ipsilateral
heel wand marker became stationary. Data processing
was completed by applying the OFM. Processed data
were then exported to a purposely developed Microsoft
Excel (Microsoft Corporation, Redmond, Washington,
USA) template for analysis. Variables of interest
included magnitude and timing of peak angles and
ranges of motion during stance for:
(i) Rearfoot relative to the laboratory (floor) eversion
(ii) Rearfoot relative to tibia - eversion
(iii) Forefoot relative to rearfoot - dorsiflexion and
abduction

Statistical analysis

Prior to statistical analysis the ordinal FPI data were converted into Rasch transformed scores to allow parametric
analysis of interval data [23]. Partial correlations with gait
velocity entered as a co-variate were calculated to determine the association between each of the FPI Raschtransformed scores and kinematic measures during walking. Gait velocity was included as a co-variate during statistical analysis due to previous PFPS case control
research indicating that some individuals with PFPS may
reduce their gait velocity [24], and the reported effects
this reduction can have on lower limb kinematics
[25-27]. Based on previous recommendations [28], correlations from 0.00 to 0.25 were considered poor, 0.25 to
0.50 were considered fair, 0.50 to 0.75 were considered
moderate to good, and 0.75 to 1.00 were considered
excellent. All statistical calculations were completed
using SPSS version 17.0 (SPSS Inc, Chicago, Illinois,
USA).
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0.13 m/s versus 1.45 ± 0.16 m/s, p = 0.073). Foot Posture Index scores for the PFPS and control groups ranged from -1 to 10 and -1 to 6 respectively. The number
of participants from both groups falling into each foot
type categories defined by Redmond et al [8] can be
found in Table 1.
Association between foot posture measurements and
foot kinematics

Correlations between the FPI and kinematic variables
for both groups can be found in Table 2. A more pronated foot type as measured by the FPI was associated
with greater peak forefoot abduction (r = 0.502, p =
0.013) and earlier peak rearfoot eversion relative to the
laboratory (r = -0.440, p = 0.031) in the PFPS group,
explaining 28 and 23% of variance, respectively. Additionally, a more pronated foot type as measured by the
FPI was associated with greater rearfoot eversion range
of motion relative to the laboratory in the control group
(r = 0.614, p = 0.009), explaining 37% of variance.

Discussion
Foot posture is frequently evaluated in individuals with
PFPS, particularly when considering prescription of foot
orthoses. Evaluation of foot posture is often performed
under the assumption that measuring static structure
will provide insight into dynamic function, although this
is largely unproven [7]. The current study is the first to
evaluate the relationship between a clinical measure of
foot posture with established reliability (the FPI) in individuals with PFPS [9] and three-dimensional kinematics
associated with foot pronation.
In the current study, a more pronated foot, as indicated by the FPI, demonstrated fair association with earlier timing of peak rearfoot eversion relative to the
laboratory during walking in the PFPS group. This finding is consistent with other recent findings by our
group. In separate cohorts we found that individuals
with PFPS possessed both earlier peak rearfoot eversion
during walking [18], and a more pronated foot as measured by the FPI [9]. This indicates that earlier peak
rearfoot eversion relative to the laboratory may be in
part due to foot structure in individuals with PFPS.
Table 1 Number of participants from each group with
foot types defined by the Foot Posture Index
Highly
supinated
(-5 to -12)

Supinated
(-1 to -4)

Normal
(0 to
+5)

Pronated
(+6 to
+9)

Highly
pronated
(+10 to
+12)

PFPS
group

0

2

15

8

1

Control
group

0

1

18

1

0

Results
Participant characteristics

There were no significant differences between the
groups for age (p = 0.116), height (p = 0.316), mass (p =
0.73), or weekly physical activity levels (p = 0.370).
There was a trend toward a reduction in gait velocity
for the PFPS compared to the control group (1.37 ±
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Table 2 Correlations between the Foot Posture Index
score and foot kinematics
PFPS group

Control group

r value

p value

r value

p value

Rearfoot eversion
relative to laboratory

0.300

0.155

0.214

0.410

Rearfoot eversion
relative to tibia

0.167

0.435

0.230

0.374

Forefoot dorsiflexion
Forefoot abduction

0.031
0.502*

0.886
0.013

-0.188
0.168

0.470
0.520

Rearfoot eversion
relative to laboratory

-0.440*

0.031

0.088

0.736

Rearfoot eversion
relative to tibia

-0.052

0.811

0.082

0.755

Forefoot dorsiflexion

-0.172

0.420

-0.321

0.209

Forefoot abduction

0.239

0.260

-0.327

0.200

Rearfoot eversion
relative to laboratory

0.135

0.528

0.614**

0.009

Rearfoot eversion
relative to tibia

0.026

0.903

-0.122

0.640

Magnitude of peak angles

Timing of peak angles

Range of motion

Forefoot dorsiflexion

-0.281

0.183

0.215

0.408

Forefoot abduction

-0.340

0.104

0.122

0.641

* p < 0.05.
** p < 0.01.
PFPS = patellofemoral pain syndrome.
Positive value = more pronated foot as measured by the FPI associated with
greater peak magnitude, delayed peak timing and greater range of motion.

Considering this association did not occur in the control
group, the relationship may be of particular significance
to the development of PFPS. This may indicate that a
more pronated foot posture results in more rapid
dynamic foot pronation in people who are predisposed
to PFPS development. Prospective studies are required
to determine if this relationship is causal.
When measured relative to the tibia, rearfoot eversion
timing differences during gait have been consistently
reported in previous PFPS case control studies [15-18].
However, unlike kinematic measurement relative to the
laboratory, the FPI did not provide insight into peak rearfoot eversion timing relative to the tibia during walking in
either group. A possible explanation for the inconsistent
findings between the two methods of rearfoot kinematic
evaluation for the PFPS group may be the influence of
tibial structure and function. When broken down, the
majority of the six FPI components evaluate solely foot
structure, with the exception of curves above and below
the lateral malleolli. Additionally, two of these measures
directly evaluate the rearfoot: talar head palpation and calcaneal angle. Therefore, a relationship with rearfoot
motion relative to the lab may be expected. Conversely,
none of the FPI components evaluates tibial structure,
indicating a relationship may be less likely.

The presence of symptoms may partly explain the different associations between static and dynamic foot function found in individuals with PFPS compared to
controls. However, an alternative explanation may be the
presence of greater variation in foot posture for the PFPS
group. The FPI scores for the PFPS group ranged from -1
to 10, with nine out of the 26 participants considered to
possess a pronated foot type (>+5) [8]. However, in the
control group, FPI scores ranged only from -1 to 6, with
just one out of 20 participants considered to possess a
pronated foot type. This lower variation in the control
group will reduce the likelihood of finding a statistically
significant association between the two variables [28].
Despite having less variation in foot posture, relationships between the FPI and kinematics not evident in the
PFPS group were identified in the control group. A more
pronated foot as measured by the FPI was moderately
associated with greater rearfoot eversion range of motion
relative to the laboratory. Interestingly, none of the three
significant findings in this study were consistent between
the two groups. Without prospective evaluation, it cannot
be determined which of these relationships are causes
and which are effects in relation to PFPS. However, they
do highlight the need for caution when interpreting
results based on asymptomatic populations. Results from
the current study indicate that previous and future correlations identified when evaluating only asymptomatic
populations may not exist in patients with PFPS.
Foot posture is often evaluated based on the assumption
that it will provide insight into the magnitude of foot pronation during gait [7]. The FPI was recently found to possess good reliability and ability to discriminate between
individuals with PFPS and controls [9]. However, findings
from the current study indicate that insight into dynamic
function from assessing the FPI may be limited to moderate and fair associations with peak forefoot abduction and
timing of rearfoot eversion, respectively, in the PFPS
group. Neither peak forefoot dorsiflexion, nor peak rearfoot eversion was associated with the FPI in either group,
implying its utility in guiding clinical decisions when considering foot orthoses to control rearfoot eversion or forefoot dorsiflexion magnitude may be limited. Considering
this, development of a reliable and easy to implement clinical assessment tool to evaluate dynamic foot function
may be needed. This could potentially replace current
static foot posture evaluation and provide greater guidance
when considering foot orthoses prescription for individuals with PFPS.
Increased magnitude of peak rearfoot eversion during
gait has been commonly considered as a potential contributor to PFPS [2,29]. However, previous case control
findings indicate that greater peak rearfoot eversion is
not present in individuals with PFPS during gait [15-18].
Additionally, findings from this study imply that a more
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pronated foot posture may not relate to PFPS pathology
through influences on peak rearfoot eversion. Interestingly, in this study we found associations between the
FPI and earlier peak rearfoot eversion relative to the
laboratory, a kinematic feature we recently found to be
associated with PFPS [18]. It is also possible that other
biomechanical variables during gait previously linked to
PFPS including knee [30] and PFJ [31,32] loading, and
lower limb neuromuscular control [33-35] may be associated with foot posture. Investigating these possibilities
may improve foot orthoses design for individuals with
PFPS.
Contrary to findings in the current study, Chuter [12]
recently reported that a more pronated foot as measured
by the FPI was associated with greater peak rearfoot
eversion in a group of participants without defined
pathology. Although the effect of pathology on kinematics may explain equivocal findings between Chuter’s
[12] study and the PFPS group in the current study,
such an effect cannot explain equivocal findings with
the control group from the current study. However,
there are two possible explanations for this disparity.
Firstly, Chuter [12] evaluated a larger cohort (n = 40)
than the two cohorts evaluated in the current study
(PFPS = 26 and control = 20), which is likely to lead to
stronger statistical associations between two variables
[28]. Secondly, Chuter [12] selectively recruited a range
of foot postures (i.e. 20 normal and 20 pronated foot
types as measured by the FPI), while the current study
recruited participants based on PFPS diagnosis and
matched these with participants of similar ages, heights
and body masses to form the control group. As a result,
the spread of FPI scores was lower in the current study’s
control group which can also result in weaker statistical
associations [28].
The results of this study need to be considered in the
context of several limitations. Firstly, we chose to evaluate the FPI in this study based on the ease of clinical
application, wealth of information provided, previous
research establishing reliability [9] and strong face validity. However, other measures of foot posture such as
radiographical evaluation may provide greater insight
dynamic foot function in individuals with PFPS. Secondly, this study evaluated only rearfoot and forefoot
kinematics based on the OFM. The OFM assumes that
motion between these segments is transmitted through
the midfoot [36]. Future studies may find additional correlations between static and dynamic foot function by
using kinematic models which directly evaluate midfoot
function. Thirdly, this study evaluated only one functional task, walking. Considering that pain may not be
present during walking in all individuals with PFPS,
future research should consider evaluating more strenuous tasks such as stair negotiation, squatting and
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running. Finally, the results of this study are based on
retrospective case control evaluation. Therefore, whether
inconsistent relationships found between the two groups
are a cause or effect in relation to PFPS is unclear.
Future prospective research evaluating the presence of
any relationships between foot posture and function in
those who develop PFPS is required.

Conclusion
This is the first study to evaluate the relationship
between foot posture and three-dimensional kinematics
in individuals with PFPS. A more pronated foot as measured by the FPI was moderately associated with greater
peak forefoot abduction and fairly associated with earlier
peak rearfoot eversion relative to the laboratory in the
PFPS group, and greater rearfoot eversion range of
motion relative to the laboratory in the control group.
Inconsistent findings between the PFPS and control
groups indicate that pathology may play a role in the
relationship between static foot posture and dynamic
function. The association between pronated foot posture
and earlier peak rearfoot eversion relative to the laboratory observed exclusively in those with PFPS is consistent
with the biomechanical model of PFPS development.
However, prospective studies are required to determine
whether this relationship is causal.
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CHAPTER 7

Effect of foot orthoses on pain and
functional performance
As discussed in Chapter 2 (Section 2.3.1), the effects of foot orthoses on functional
performance has not previously been evaluated in individuals with PFPS. The need to
address this area of research is highlighted by recent reports of reduced functional
performance due to unspecified chronic knee pain being linked with knee osteoarthritis
development [19]. This link lends itself to the hypothesis that interventions which are
able to improve functional performance in individuals with knee pain may also be
protective against knee osteoarthritis development [19]. Although there is a paucity of
objective functional performance evaluation in individuals with PFPS, studies
evaluating subjective function indicate that functional performance is likely to be
reduced. It has been reported that 18 to 36% of individuals with PFPS are forced to
reduce physical activity [4, 15]. Additionally, 23% of the athletic population with PFPS
are forced to cease participation due to associated symptoms [2]. Therefore, evaluating
functional performance changes following foot orthoses prescription in individuals with
PFPS is an important step to establishing treatment efficacy, and was the primary aim of
this chapter.
The systematic review evaluating foot orthoses efficacy in individuals with PFPS [60]
found limited research evaluating the influence of foot posture and footwear
characteristics on clinical outcomes following foot orthoses prescription. Therefore,
evaluating the influence of foot posture and footwear on functional performance
changes following foot orthoses prescription was a secondary aim of this chapter.
Whilst findings from Chapter 4 identified reliable foot posture measurements for use in
individuals with PFPS including the multi-segmental and multi-planar FPI [72], Chapter
6 indicated that FPI may provide limited insight into dynamic foot function (see Section
6.1). However, some correlations between static and dynamic foot function were
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identified in individuals with PFPS, including links between a more pronated foot as
measured by the FPI and earlier peak rearfoot eversion and greater peak forefoot
abduction (see Section 6.1). Additionally, it is possible that foot posture may be
associated with other biomechanical variables linked to PFPS, including knee [13] and
PFJ [22, 23] joint loading, and lower limb neuromuscular control [27, 30, 57].
Therefore, it is possible that foot posture may still be associated with foot orthoses
efficacy in individuals with PFPS.
Since foot orthoses effects are likely to be influenced by the type and quality of
footwear, evaluation of footwear properties should be an integral component of foot
orthoses examination. However, when considering methods to objectively assess
footwear characteristics in individuals with PFPS, no appropriate clinical tools could be
identified in the literature. Therefore, prior to commencing studies from this chapter, the
Footwear Assessment Tool [111] which contains a motion control properties scale, was
developed for this purpose (see Supplementary paper 1). More details about the
development of the Footwear Assessment Tool and motion control properties scale can
be found in Chapter 3, Section 3.6.

7.1 Immediate effects of foot orthoses on functional
performance in individuals with patellofemoral pain
syndrome
Considering the paucity of research evaluating the influence of foot orthoses on
functional performance in individuals with PFPS, the primary aim of the first study in
this chapter [102] was to determine the immediate effects of prefabricated foot orthoses
on functional performance in individuals with PFPS. Due to the paucity of research
evaluating the influence of foot posture and footwear on foot orthoses outcomes in
individuals with PFPS, the secondary aim of the study was to evaluate the influence of
foot posture, change in foot posture, and footwear characteristics on immediate changes
to functional performance with foot orthoses.
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ABSTRACT
Objective Patellofemoral pain syndrome (PFPS) often
results in reduced functional performance. There is
growing evidence for the use of foot orthoses to treat
this multifactorial condition. In this study, the immediate
effects of foot orthoses on functional performance
and the association of foot posture and footwear with
improvements in function were evaluated.
Methods Fifty-two individuals with PFPS (18–35
years) were prescribed prefabricated foot orthoses
(Vasyli Pro; Vasyli International, Labrador, Australia).
Functional outcome measures evaluated included the
change in (1) pain and (2) ease of a single-leg squat on
a ﬁve-point Likert scale, and change in the number of
(3) pain-free step downs and (4) single-leg rises from
sitting. The association of foot posture using the Foot
Posture Index, navicular drop and calcaneal angle relative to subtalar joint neutral; and the footwear motion
control properties scale score with improved function
were evaluated using Spearman’s ρ statistics.
Results Prefabricated foot orthoses produced
signiﬁcant improvements (p<0.05) for all functional
outcome measures. A more pronated foot type and
poorer footwear motion control properties were
found to be associated with reduced pain during the
single-leg squat and improvements in the number of
pain-free single-leg rises from sitting when wearing
foot orthoses. In addition, a more pronated foot type
was also found to be associated with improved ease
of completing a single-leg squat when wearing foot
orthoses.
Conclusion Prefabricated foot orthoses provide
immediate improvements in functional performance,
and these improvements are associated with a more
pronated foot type and poorer footwear motion control
properties.
Keywords: foot orthoses; patellofemoral pain
syndrome; functional performance; knee pain; insoles.
Patellofemoral pain syndrome (PFPS) is the most
common presentation of knee pain to sports medicine clinics among adolescents and young adults.1
Symptoms as a result of PFPS often lead to recurrent or chronic knee pain 2 3 and signiﬁcantly affect
functional performance.4 One intervention commonly considered for treatment of this multifactorial condition is the prescription of foot orthoses.
It is thought that foot orthoses may reduce pain by
limiting foot pronation and associated lower limb
rotation, thereby reducing lateral patellofemoral
joint (PFJ) forces. 5 6 In a recent systematic review, 7
we identiﬁed a number of studies supporting
the efﬁcacy of foot orthoses in reducing pain in
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individuals with PFPS.8–14 However, none of these
studies investigated changes to functional performance with foot orthoses, indicating this is an
area of research that needs to be addressed.
Foot orthoses are frequently prescribed based
on assessment of foot structure or function. Most
studies evaluating foot orthoses in individuals
with PFPS included participants with “excessive” foot pronation,9–12 14 presumably based on
the belief that this subpopulation will receive the
greatest beneﬁt. However, the only high-quality
randomised clinical trial identiﬁed8 in our systematic review7 recruited participants regardless
of foot type. Despite this, a signiﬁcantly greater
number of patients in the group receiving prefabricated foot orthoses reported perceived clinical
success at 6 weeks compared to the group receiving ﬂ at inserts.8 Supporting traditional theory that
orthoses derive their effectiveness from the control of excessive foot motion, 5 6 Vicenzino et al15
observed that greater foot mobility was associated
with larger improvements with prefabricated foot
orthoses in this same cohort.8 However, the sensitivity of this measure was only 0.56, indicating
that nearly half of the participants who beneﬁted
from foot orthoses would not have received them
if foot type alone was used to guide prescription.
Interestingly, the only other clinical prediction
rule study of foot orthoses for PFPS reported that
a less pronated foot (as measured by calcaneal
angle and navicular drop) was associated with
greater improvements with prefabricated foot
orthoses.13 These conﬂ icting ﬁ ndings indicate
that additional evaluation of the link between
foot type and foot orthoses efﬁcacy in individuals with PFPS is needed.
The appropriateness of an individual’s footwear may also be an important consideration
when prescribing foot orthoses. When considering foot orthoses prescription, the Australian
Podiatry Council’s clinical guidelines16 state that
the inﬂuence of footwear on the patient’s clinical
condition and potential for orthotic prescription
should be considered.16 However, footwear evaluation has not been included in previous studies
evaluating foot orthoses efﬁcacy for individuals
with PFPS.8–14
The current study was designed to determine
the immediate effects of prefabricated foot
orthoses on functional performance in individuals with PFPS. In addition, the inﬂuence of foot
posture, change in foot posture and footwear
characteristics on immediate changes to function
with foot orthoses was evaluated.
193
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METHODS
Participants
Fifty-two individuals with PFPS (16 males and 36 females)
were recruited via advertisements placed at La Trobe
University and in the surrounding community. Mean age,
height and weight of participants was 26 (5) years, 1.70 (0.09)
m and 69 (±12) kg, respectively. The study was approved by La
Trobe University’s Faculty of Health Sciences Human Ethics
Committee, and each participant gave written informed
consent before participation. Diagnosis of PFPS was based
on deﬁ nitions used in previous randomised clinical trials.8 17
Inclusion criteria were aged 18–35 years; insidious onset of
peripatellar or retropatellar knee pain of at least 6 weeks
duration; worst pain in the previous week of at least 30 mm
on a 100-mm visual analogue scale; pain provoked by at least
two activities from running, walking, hoping, squatting,
stair negotiation, kneeling, or prolonged sitting; pain elicited
by patellar palpation, PFJ compression or resisted isometric
quadriceps contraction. Exclusion criteria were use of foot
orthoses in the previous 5 years, physiotherapy treatment
in the previous 6 months, current use of anti-inﬂ ammatory
medications, concomitant injury or pain arising from the
lumbar spine or hip; knee internal derangement; knee ligament insufﬁciency; previous knee surgery; PFJ instability; or
patellar tendinopathy.

Procedures

and +12 (highly pronated).20 Items include talar head palpation,
curves above and below the lateral malleoli, calcaneal angle,
talonavicular bulge, medial longitudinal arch and forefoot to
rearfoot alignment. 20
Normalised navicular drop. Navicular drop was calculated by
subtracting vertical navicular height in subtalar joint neutral
(STJN) from vertical navicular height in relaxed stance21 with
the aid of a metal bracket to stabilise the card. This was then
normalised as a percentage of the participant’s foot length.
Calcaneal angle relative to STJN. The difference between
relaxed stance and STJN for calcaneal angle measured relative to
a line perpendicular from the ﬂoor using a digital inclinometer
(Mitutoyo Pro 360, Aurora, Illinois, USA) positioned along the
calcaneal bisection.

Clinical measurements of functional performance
The effects of prefabricated foot orthoses on functional performance were evaluated during three tasks. The orthoses
were unmodiﬁed, commercially available three-quarter length
devices with lateral cut-outs (Vasyli Pro; Vasyli International,
Labrador, Australia), made of ethelene-vinyl acetate of medium
(Shore A 55) density, containing built-in arch supports and 4°
varus wedging (see ﬁg 1). The order of the conditions was not
randomised as the tests were designed to be repeatable in a
clinical setting where randomising the condition order for
each new patient would not be appropriate.

All 52 participants attended a data collection session that
involved evaluation of baseline characteristics (foot posture,
change in foot posture with a prefabricated foot orthoses and
footwear characteristics) and clinical measurements of changes
to functional performance with the addition of prefabricated
foot orthoses to participants’ footwear. Only the symptomatic (in those with unilateral symptoms) or most symptomatic
(in those with bilateral symptoms) limb was assessed. In addition, 20 participants returned 1 week after the initial data collection session to establish the between-day reliability for the
functional performance tests.

Change in number of pain-free step downs (20-cm step)

Baseline characteristics
Footwear

Previous research has indicated that a lower number of maximum single-leg rises from sitting is predictive of knee osteoarthritis development in people with chronic knee pain at a
5-year follow-up. 23 To improve the clinical applicability of the
test, modiﬁcations were made to its original descriptions.23 24
Each participant crossed their arms and repeatedly completed
the task at a rate of 20 repetitions/min until pain onset (or
increase from resting), or until they completed 20 repetitions.

Each participant wore footwear in which they most commonly experienced their pain. The motion control properties scale from the Footwear Assessment Tool18 was used
to evaluate each individual’s footwear by a single rater with
previously established intrarater (intraclass correlation coefﬁcient (ICC) 0.93) and inter-rater reliability (0.93 to 0.95).18 The
scale evaluates the motion control quality of an individual’s
footwear, providing a score between 0 and 11, where a higher
score indicates better motion control properties. Items within
the scale include evaluation of ﬁ xation method, presence of
dual-density soles, heel counter stiffness, and midfoot sagittal
and torsional stiffness.18

This clinical test was designed to replicate stair descent, a
functional task often limited by PFPS. 22 Each participant
stood on a 20-cm step and moved from a position of bipedal
stance to tap the foot of their non-testing limb below and
return to bipedal stance repeatedly at a rate of 48 steps/min
until pain onset (or increase from resting), or until they completed 25 repetitions. Each participant completed this test
without foot orthoses and then with foot orthoses after a
3-min break.

Change in number of pain-free single-leg rises from sitting (45-cm
stool)

Foot posture and change in foot posture
Three clinical measurements of foot posture were recorded
with and without prefabricated foot orthoses under participant’s feet by a single rater with previously established intrarater (ICC 0.88 to 0.97) and inter-rater reliability (0.78 to 0.93)
in a PFPS population.19 These included:
Foot Posture Index. The Foot Posture Index (FPI) is a six-item
foot posture assessment tool, with each item scored between
−2 and +2 to give a sum total between −12 (highly supinated)
194
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Figure 1 Prefabricated foot orthoses (Vasyli Pro; Vasyli
International, Labrador, Australia) prescribed to each participant.
Br J Sports Med 2011;45:193–197. doi:10.1136/bjsm.2009.069203
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Each participant completed this test without foot orthoses and
then with foot orthoses after a 3-min break.

Change in pain and ease of completing a single-leg squat
With arms crossed, participants were asked to complete ﬁve
single-leg squats with and without the foot orthoses, with conditions alternated (at least twice per condition) until the participant was conﬁdent of their decision. Participants rated change
in pain and ease of task completion on a ﬁ ve-point Likert scale.
The ﬁve options given for “ease” were markedly harder, somewhat harder, same, somewhat easier and markedly easier. The
ﬁve options given for “pain” were markedly more, somewhat
more, same, somewhat less and markedly less.

Statistical analysis
All statistical analysis was completed using SPSS V.17.0 (SPSS
Inc, Chicago, Illinois, USA). Between-day reliability for the
change in number of step downs and single-leg rises from sitting was evaluated using ICCs (model 2.1). For statistical purposes, the effects of foot orthoses on pain and ease of task
during a single-leg squat were given numerical values. Negative
orthoses effects were given negative values (markedly harder/
more painful=−2, somewhat harder/more painful=−1), absent
orthoses effects were given 0, and positive orthoses effects
were give positive values (somewhat easier/less painful=+1,
markedly easier/less painful=+2). Between-day reliability for
the change in ease and pain during a single-leg squat was evaluated using κ statistics. 25 26
Paired t tests were used to compare the number of painfree step downs and single-leg rises from sitting completed
with and without foot orthoses. Participants who were able
to complete 25 step downs and/or 20 single-leg sit to stands
were excluded from this analysis. Data were screened for
normality graphically and using the Kolmogorov–Smirnov
statistic. Pain-free step-down data with and without the
foot orthoses was normally distributed. However, single-leg
rises from sitting data was found to be positively skewed
for both conditions and therefore transformed by using a
log10 conversion. Changes in pain and ease of task during

a single-leg squat were compared using frequency statistics
and Wilcoxon’s signed-rank tests with the comparison variable set as 0 (ie, no change). Participants who did not report
pain during a single-leg squat were excluded from this analysis. The association of changes to functional performance
with footwear and foot posture measures were evaluated
using Spearman’s ρ correlation coefﬁcients with signiﬁcance
set at p <0.05.

RESULTS
Reliability
Moderate between-days reliability was found for the change
in number of step downs (ICC=0.65) and single-leg rises from
sitting (ICC=0.74).27 Substantial between-day reliability was
found for the change in pain (κ=0.79) and ease (κ=0.79) during
a single-leg squat. 26

Foot orthoses effects on pain and function
Of the 52 participants, 37 (71%) were unable to complete
25 pain-free step downs, 41 (79%) were unable to complete
20 pain-free single-leg rises from sitting and 43 (83%) experienced pain during the single-leg squat task. The frequency
of outcomes (positive, unchanged and negative) with foot
orthoses, and mean change with foot orthoses during the
step down and single-leg rise from sitting tasks can be found
in table 1. The frequency of outcomes with foot orthoses,
and comparisons for change in pain and ease of task during
the single-leg squat test are shown in table 2. Results indicated that prefabricated foot orthoses enhanced function during the step down (p=0.005) and single-leg rises from sitting
(p=0.040) tasks, and improved pain (p=0.002) and ease of task
(p<0.001) during the single-leg squat test.

Factors inﬂuencing changes in pain and function
Correlations between the immediate effects of the foot
orthoses and baseline measurements are shown in table 3.
Greater calcaneal eversion relative to STJN, greater reduction
in calcaneal eversion relative to STJN with the foot orthoses

Table 1 Frequency of outcomes (positive, unchanged and negative) with foot orthoses, and mean change
with foot orthoses including 95% CI and p values related to between-condition comparisons during the
step-down and single-leg rise from sitting tasks
Participants
with positive Participants Participants with
outcomes % unchanged % negative outcomes % Mean difference
(SD)
(frequency)
(frequency) (frequency)
Step downs (n=37)
57 (21)
Single-leg STS (n=41) 38 (16)

16 (6)
42 (17)

27 (10)
20 (8)

2.4 (4.9)
0.7 (3.1)

95% CI

p Value*

0.8 to 4.0
−0.2 to 1.7

0.005
0.040†

*Calculated using paired samples t test.
†Calculated using transformed data (log10).

Table 2 Frequency of foot orthosis changes, and p values related to between-condition comparisons for
change in pain and ease of task during the single-leg squat test
Marked
Moderate
improvement % improvement % No change %
(frequency)
(frequency)
(frequency)
Change in pain
(n=43)
Change in ease
(n=52)

Moderate worsening Marked worsening
p Value*
% (frequency)
% (frequency)

11.6 (5)

30.2 (13)

48.8 (21)

9.3 (4)

0 (0)

0.002

11.5 (6)

57.7 (30)

19.2 (10)

11.5 (6)

0 (0)

<0.001

*Calculated using Wilcoxon’s signed-rank test.
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Table 3 Correlations between the immediate effects of the foot orthoses and baseline measurements (foot posture, change in foot posture with
foot orthoses, ankle range of motion and footwear properties)
Step downs

Foot posture
FPI
NND (% FL)
Calcaneal angle relative to STJN (°)
Change in foot posture
FPI
NND (% FL)
Calcaneal angle relative to STJN (°)
Footwear
Motion control properties

Single-leg rises from
sitting

Pain SLSq

R value†

R value†

R value†

p Value

3.9 (−1 to 10)
2.5 (−1.3 to 6.8)
3.9 (−2.3 to 13.0)

−0.090
−0.173
−0.118

0.596
0.305
0.486

0.310
0.329
0.437**

0.065
0.050
0.008

0.308*
0.232
0.232

0.045
0.135
0.134

0.358**
0.129
0.218

0.009
0.366
0.124

1.8 (0.0 to 4.0)
1.3 (−0.4 to 5.0)
1.8 (−0.4 to 5.8)

−0.083
−0.059
−0.110

0.624
0.728
0.516

0.228
0.307
0.395*

0.182
0.068
0.017

0.378*
0.175
0.125

0.012
0.261
0.423

0.337*
0.140
0.207

0.015
0.326
0.145

0.046

0.794

−0.338*

0.016

−0.424*

0.009

6.3 (1 to 11)

p Value†

Ease SLSq

Mean (range)

p Value

R value†

−0.107

p Value

0.468

Positive correlations indicate that improvements are associated with a more pronated foot type, greater reduction in pronation and greater footwear motion control
properties.
*p<0.05.
**p<0.01.
†Calculated using Spearman’s ρ.
FL, foot length; FPI, Foot Posture Index; NND, normalised navicular drop; SLSq, single-leg squat; STJN, subtalar joint neutral.

and lower footwear motion control properties were found
to be associated with greater improvement in the number
of pain-free single-leg rises from sitting, explaining 19.1%,
15.6% and 11.4% of the variance, respectively. During the
single-leg squat test, a more pronated foot as measured by the
FPI, greater reduction in pronation with the foot orthoses as
measured by the FPI and lower footwear motion control properties were found to be associated with a reduction in pain,
explaining 9.5%, 14.3% and 18.0% of the variance, respectively. In addition, a more pronated foot as measured by the
FPI and a greater reduction in pronation with the foot orthoses
as measured by the FPI were associated with improved ease
of completing a single-leg squat, explaining 12.8% and 11.4%
of the variance, respectively. None of the baseline variables
evaluated were found to be associated with improved function during the step-down task.

DISCUSSION
There is growing evidence to support the efﬁcacy of foot
orthoses in the treatment of PFPS.8–14 However, there is a paucity of research evaluating the effectiveness of foot orthoses
on functional performance in this group. Despite the premise
that foot orthoses derive their effectiveness from the control
of excessive pronation in individuals with PFPS, 5 6 research
that has scientiﬁcally evaluated this theory is limited and
has produced inconsistent ﬁ ndings.13 15 This study described
reliable clinical tests of functional performance, which may
assist clinical decisions when considering prescription of foot
orthoses for individuals with PFPS. The three functional tasks
were selected as each was considered likely to replicate loading of the PFJ during activities of daily living. Validity of each
of the functional outcome measures is strengthened by the
limitations observed in most individuals with PFPS evaluated
in this study (71% to 83%).
Prefabricated foot orthoses signiﬁcantly improved the PFPS
group’s performance during each of the functional tasks evaluated. Control of pronation with foot orthoses in individuals with PFPS is thought to optimise lower limb alignment,
prevent medial collapse of the knee and reduce lateral PFJ
stress. 5 6 Supporting this theory, a more pronated foot type
was found to be associated with functional improvements in
three of the four outcome measures, including reduced pain
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and improved ease during a single-leg squat, and a greater
number of pain-free single-leg rises from sitting.
Although supportive of traditional theory, 5 6 the associations
of foot posture and change in foot posture with functional
improvements were only fair (r=0.308−0.437). 27 This may
illustrate that the clinical tests of static foot posture evaluated
may not be indicative of dynamic foot function. Kinetic and
kinematic evaluation at the foot and more proximal segments
during dynamic tasks may be better able to predict functional
changes with foot orthoses. However, this evaluation requires
sophisticated equipment and is therefore not feasible in a
clinical setting. Alternatively, other mechanisms that were
not evaluated may also contribute to foot orthoses effects. It
is possible that enhanced neuromuscular activation patterns
as a result of altered plantar cutaneous sensory feedback may
explain part of the mechanism(s) behind foot orthoses efﬁcacy
in individuals with PFPS. 28 This is an area that also requires
further investigation.
Previous research evaluating foot orthoses in individuals
with PFPS has failed to investigate the effect of footwear on outcomes.8–14 Replicating a clinical setting, this study did not seek
to control footwear, instead instructing participants to wear
footwear in which they most commonly experienced knee pain.
Interestingly, poorer footwear motion control properties were
associated with reductions in pain during a single-leg squat and
improvement in the number of pain-free single-leg rises from sitting with the addition of prefabricated foot orthoses. This may
indicate that foot orthoses have greater effects in poorer-quality shoes, possibly as a result of a greater potential to improve
motion control properties. In addition, changing footwear in
PFPS individuals who wear poor-quality footwear could be of
equal or perhaps greater importance than foot orthoses prescription. However, further research evaluating the effects of
various footwear characteristics and modiﬁcation on patient
outcomes in individuals with PFPS is still required.

Limitations
This study was not a randomised controlled trial, and neither
the examiner nor the participants were blinded to the presence or absence of foot orthoses when the functional tests
were performed. This invariably would have resulted in some
placebo and/or Hawthorne affects contributing to the positive
Br J Sports Med 2011;45:193–197. doi:10.1136/bjsm.2009.069203
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ﬁ ndings with the foot orthoses, particularly during the single-leg squat test. However, this is less likely to have been a
problem during the step-down and single-leg rise from sitting
tests, where a possible buildup of residual pain during the foot
orthoses condition may have instead had a detrimental effect
on functional performance. This methodological problem may
have been avoided through condition randomisation during
the step-down and single-leg rise from sitting tests. However,
randomisation was considered inappropriate for these tests
because they were designed to be directly transferable to the
clinical setting. Although the functional tests used in this
study were designed with the clinical setting in mind, their
ability to predict longer-term success with foot orthoses (eg,
6-, 12- and 52-week follow-ups) still requires evaluation.

5.
6.
7.

8.

9.
10.

11.
12.

CONCLUSION
This study has developed and clearly described clinically
applicable tests to evaluate changes in functional performance
with foot orthoses prescription in individuals with PFPS. The
large percentage of participants with limitations to each of
the functional tasks (71% to 83%) strengthens the validity
of these tests for further use in clinical and research settings.
The prefabricated foot orthoses used in this study were found
to provide signiﬁcant, immediate improvements in pain and
function for each of the tests evaluated. A signiﬁcant association of improved pain and function with a more pronated foot
type and poorer motion control properties of footwear worn
was also found. This highlights the importance of foot posture and footwear assessment when considering foot orthoses
prescription in individuals with PFPS. Further research evaluating the association between functional improvements and
changes to lower limb kinetics, kinematics and neuromuscular
activation; footwear modiﬁcation; and long-term treatment
success is now required.
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7.2 Effects of prefabricated foot orthoses on pain and
function in individuals with patellofemoral pain syndrome:
A cohort study
In the previous study [102], unmodified prefabricated foot orthoses were found to
provide significant immediate improvements to functional performance in individuals
with PFPS. A logical extension of this work was to establish if these improvements to
functional performance were maintained or improved over time. Importantly, if
immediate functional performance improvements are sustained or improved over time,
foot orthoses may have the capacity to improve long term prognosis for individuals with
PFPS. Additionally, since reduced functional performance in the presence of
unspecified knee pain has been linked to knee osteoarthritis incidence [18, 19],
improvements in functional performance may also reduce the risk of osteoarthritis
development in some individuals.
In Chapter 2, Section, 2.3, level I evidence for the prescription of prefabricated foot
orthoses in individuals with PFPS was established [60]. This evidence was based on a
prescription approach which involved the provision of multiple pairs of foot orthoses,
customisation through heat moulding and additional wedging to optimise comfort [56].
Additionally, weekly follow up sessions for six weeks with a physiotherapist were
provided to allow customisation and assist compliance [56]. Although the same
commercial brand (i.e. Vasyli International) of prefabricated foot orthoses has been
chosen for studies forming this thesis, only a single pair was provided without
additional customisation (see Chapter 3, Section 3.4). If similar subjective outcomes to
those produced by the more resource dependent (i.e. time and cost to customise multiple
pairs) prescription approach evaluated by Collins et al [56] can be achieved, prescribing
unmodified prefabricated foot orthoses may be an alternative approach.
Considering the points outlined above, the aims of this study were to evaluate the
intermediate term (12 weeks) effects of unmodified prefabricated foot orthoses on (i)
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functional performance; and (ii) subjective pain and function.
This paper has been published as follows:

Barton CJ, Menz HB, Crossley KM. Effects of prefabricated foot orthoses on pain and
function in individuals with patellofemoral pain syndrome: A cohort study. Physical
Therapy in Sport 2011;12:70-75.
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Objectives: This study evaluated the effects of unmodiﬁed prefabricated foot orthoses over a 12-week
period on functional performance; and subjective pain and function in individuals with patellofemoral
pain syndrome (PFPS).
Design: Prospective cohort study over 12 weeks. Each participant was prescribed prefabricated foot
orthoses at baseline.
Participants: Sixty individuals with PFPS (18e35 years).
Main outcome measures: : Change in pain and ease of completing a single leg squat; change in the
number of pain free step downs and single leg rises from sitting; usual and worst pain in the previous
week; the anterior knee pain scale (AKPS); and the lower extremity functional scale (LEFS).
Results: At 12 weeks, signiﬁcant improvements in single leg squat pain and ease, and the number of pain
free step downs and single leg rises from sitting were found. Additionally, signiﬁcant reductions in usual
and worst pain, and improvements on the AKPS and LEFS were observed.
Conclusions: Functional performance improvements following unmodiﬁed prefabricated foot orthoses
were greater at 12 weeks that those achieved immediately. Enhanced functional performance over time
may have signiﬁcant implications for osteoarthritis prevention in some individuals with PFPS.
Improvements in subjective pain and function appear to plateau over time.
Ó 2010 Elsevier Ltd. All rights reserved.

Keywords:
Foot orthoses
Patellofemoral pain syndrome
Functional performance
Knee pain

1. Introduction
Patellofemoral pain syndrome (PFPS) is the most common
presentation of knee pain to sports medicine and orthopaedic
clinics among adolescents and young adults (Taunton, Ryan,
Clement, McKenzie, Lloyd-Smith, & Zumbo, 2002). Symptoms
resulting from PFPS often reduce functional performance (Barton,
Menz, & Crossley, in press; Devereaux & Lachman, 1984; Sandow
& Goodfellow, 1985), and have been linked to osteoarthritis
development over time (Thorstensson, Petersson, Jacobsson,
Boegard, & Roos, 2004). One commonly advocated intervention
for PFPS with growing evidence is foot orthoses. In a recent
systematic review (Barton, Munteanu, Menz, & Crossley, 2010) we
identiﬁed a number of studies supporting foot orthoses efﬁcacy in
individuals with PFPS. Speciﬁcally, one high quality randomised
controlled trial (RCT) reported that a greater number of participants

* Corresponding author. Musculoskeletal Research Centre, Faculty of Health
Sciences, La Trobe University Bundoora, Victoria 3068, Australia.
E-mail address: c.barton@latrobe.edu.au (C.J. Barton).

receiving prefabricated foot orthoses reported improvement at six
weeks compared to those receiving ﬂat inserts (Collins, Crossley,
Beller, Darnell, McPoil, & Vicenzino, 2008). The prescription
approach used in this study included the provision of four pairs of
prefabricated foot orthoses, with each pair modiﬁed (using heat
moulding and the addition of posting) over a six week period to
enhance comfort (Collins et al., 2008).
After identifying a paucity of research evaluating the effects of
foot orthoses on functional performance in individuals with PFPS
(Barton et al., 2010), we completed a study evaluating the immediate effects of unmodiﬁed prefabricated foot orthoses on functional performance in a group of 52 PFPS participants (Barton et al.,
in press). Results showed foot orthoses to reduce pain and enhance
ease when completing a single leg squat in 42 and 69% of participants, respectively, and increase the number of pain free step
downs and single leg rises from sitting in 57 and 38% of participants, respectively (Barton et al., in press). The longer term effects
of these orthoses now need to be evaluated. If immediate functional
improvements are sustained or improved over time with the same
unmodiﬁed prefabricated foot orthoses, they may have capacity to
improve long term outcomes from PFPS and potentially reduce the

1466-853X/$ e see front matter Ó 2010 Elsevier Ltd. All rights reserved.
doi:10.1016/j.ptsp.2010.09.002
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quarter length devices with lateral cut-outs (Vasyli Pro, Vasyli
International), made of ethylene-vinyl acetate (EVA) of medium
(Shore A 55) density, containing built-in arch supports and 4 varus
wedging (see Fig. 1).
Participants were asked to wear suitable footwear to allow foot
orthoses compliance whenever possible through the 12 week study
period. To assist with compliance, each participant was provided
with a diary, in which they entered the physical activity they
completed daily, the footwear they wore and whether they used
the foot orthoses.
2.3. Functional performance measures

Fig. 1. Prefabricated foot orthoses (Vasyli Pro, Vasyli International) prescribed to each
participant.

risk of osteoarthritis development. Additionally, if similar subjective outcomes to those produced by the more resource dependent
(i.e. time and cost to customise multiple pairs) prescription
approach evaluated by Collins et al can be achieved, prescribing
unmodiﬁed prefabricated foot orthoses may be an alternative
approach.
The aims of this study were to evaluate the intermediate term
(6e12 weeks) effects of unmodiﬁed prefabricated foot orthoses on
(i) functional performance after 12 weeks; and (ii) subjective pain
and function after six and 12 weeks in individuals with PFPS.
2. Methods
2.1. Participants
Sixty individuals with PFPS (16 males and 44 females) were
recruited via advertisements placed at universities, hospitals, and
community notice boards in the greater Melbourne area. Mean age,
height and weight of participants was 26 (5) years, 1.70 (0.08) m,
and 68 (12) kg, respectively. The study was approved by La Trobe
University’s Faculty of Health Sciences Human Ethics Committee
and each participant gave written informed consent prior to
participation. Inclusion and exclusion criteria were based on deﬁnitions used in previous RCTs (Collins et al., 2008; Crossley, Bennell,
Green, Cowan, & McConnell, 2002). Inclusion criteria were: aged
18e35 years old; insidious onset of peripatellar or retropatellar
knee pain of at least 6 weeks duration; worst pain in the previous
week of at least 30 mm on a 100 mm visual analogue scale; pain
provoked by at least two activities from running, walking, hopping,
squatting, stair negotiation, kneeling, or prolonged sitting; pain
elicited by patellar palpation, PFJ compression or resisted isometric
quadriceps contraction. Exclusion criteria were: use of foot
orthoses in the previous ﬁve years, physiotherapy treatment in the
previous six months, concomitant injury or pain arising from the
lumbar spine or hip; knee internal derangement; knee ligament
insufﬁciency; previous knee surgery; PFJ instability; or patellar
tendinopathy.
2.2. Intervention
Each participant attended a single treatment session (15 min)
where they were issued with a pair of prefabricated foot orthoses.
The orthoses were unmodiﬁed, commercially available three-

The effects of prefabricated foot orthoses on functional performance were evaluated using four previously described clinical tests
(Barton et al., in press). All functional performance measures were
performed at baseline and following 12 weeks of wearing the foot
orthoses. Between-days reliability for each measurement has been
previously established (intraclass correlation coefﬁcients ¼ 0.65e0.74;
k = 0.79) (Barton et al., in press).
2.3.1. Change in number of pain free step downs (20 cm step)
Each participant stood on a 20 cm step and moved from
a position of bipedal stance to tap the foot of their non-testing limb
below and return to bipedal stance repeatedly at a rate of 48 steps
per minute until pain onset (or increase from resting), or until they
completed 25 repetitions (Barton et al., in press). Each participant
completed this test without foot orthoses at baseline, with foot
orthoses following a 3 min rest at baseline, and then with foot
orthoses after the 12-week period.
2.3.2. Change in number of pain free single leg rises from sitting
(45 cm stool)
Each participant crossed their arms and repeatedly rose from
sitting on one leg and then returned to sitting at a rate of 20
repetitions per minute until pain onset (or increase from resting),
or until they completed 20 repetitions (Barton et al., in press). Each
participant completed this test without foot orthoses at baseline,
with foot orthoses following a 3 min rest at baseline, and then with
foot orthoses after the 12-week period.
2.3.3. Change in pain and ease of completing a single leg squat
At baseline, participants were asked to complete ﬁve single leg
squats with and without the foot orthoses, with conditions alternated (at least twice per condition) until the participant was
conﬁdent of their decision. Participants rated change in pain and
ease of task completion on a ﬁve point Likert scale. The ﬁve options
given for ‘ease’ were markedly harder, somewhat harder, same,
somewhat easier, and markedly easier. The ﬁve options given for
‘pain’ were markedly more, somewhat more, same, somewhat less,
and markedly less (Barton et al., in press). Following 12 weeks of
wearing the foot orthoses each participant underwent the same
evaluation. If participants reported pain at baseline without the
foot orthoses but then no pain at 12 weeks with the foot orthoses,
the decision at 12 weeks was documented as markedly less pain.
2.4. Subjective pain and function outcome measures
Four continuous subjective measures of pain and function were
taken at baseline, 6 weeks and 12 weeks. These included usual and
worst pain in the previous week measured on a 100 mm visual
analogue scale (VAS) (Collins et al., 2008; Crossley et al., 2002), the
Anterior Knee Pain Scale (AKPS) (Kujala, Jaakkola, Koskinen,
Taimela, Hurme, & Nelimarkka, 1993), and the Lower Extremity
Functional Scale (LEFS) (Binkley, Stratford, Lott, & Riddle, 1999).
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Table 1
Comparisons for the number of pain free step downs and single rises from sitting able to be completed including mean changes with 95% conﬁdence intervals and p values.
Outcome measure

No orthoses
condition at
baseline (SD)

Foot orthoses
condition at
baseline (SD)

Foot orthoses
condition at
12 weeks (SD)

ANOVA p value

Foot orthoses condition at
12 weeks V no foot orthoses
condition at baseline
Mean  SD (95% CI)

p

Mean  SD (95% CI)

p

Step downs (n ¼ 45)
Single leg rises from sitting (n ¼ 50)

8.5 (6.5)
4.6 (4.2)

10.2 (7.4)
5.5 (4.7)

13.4 (9.7)
8.2 (6.8)

<0.001
<0.001

4.9 (2.1e7.7)
3.6 (1.7e5.5)

<0.001
<0.001

3.2 (0.3e6.1)
2.7 (0.9e4.5)

0.028
0.001

Foot orthoses condition at
12 weeks V foot orthoses
condition at baseline

ANOVA, analysis of variance; CI, conﬁdence interval; SD, standard deviation.

Additionally, each participant rated perceived improvement of the
foot orthoses prescription at six and 12 weeks using the patient
perceived clinical success ﬁve point Likert scale (Collins et al., 2008;
Crossley et al., 2002). The ﬁve responses included markedly better,
somewhat better, same, somewhat worse, and markedly worse.

subjective measures of pain and function over time. Subsequent
pairwise comparisons were made using Bonferroni correction
between baseline and six weeks, baseline and 12 weeks, and six
weeks and 12 weeks. Results of the patient perceived clinical
success Likert scale at six and 12 weeks were compared using
frequency statistics and a Wilcoxon’s signed-rank test.

2.5. Statistical analysis
3. Results
Statistical analysis was performed using SPSS version 17.0 (SPSS
Inc, Chicago, IL). All missing data was approached conservatively
when making comparisons for changes over time, with the last
response carried forward if participants failed to complete the
study at 12 weeks. For statistical purposes, the effects of foot
orthoses on pain and ease when completing a single leg squat, and
patient perceived clinical success were given numerical values.
Negative orthoses effects were given negative values (markedly
harder/more painful/worse ¼ 2, somewhat harder/more painful/
worse ¼ 1), absent orthoses effects were given 0, and positive
orthoses effects were give positive values (somewhat easier/less
painful/better ¼ þ1, markedly easier/less painful/better ¼ þ2).
Changes in the number of participants with impairments when
completing each of the functional performance measures from
baseline to 12 weeks were evaluated using independent Chi
squared statistics. Changes in pain and ease of task when
completing a single leg squat following 12 weeks of wearing the
foot orthoses were compared using frequency statistics and Wilcoxon’s signed-rank test with the comparison variable set as
0 (i.e. no change). Additionally, changes at 12 weeks were also
compared to immediate changes with the orthoses at baseline
using frequency statistics and Wilcoxon’s signed-rank test. Participants who did not report pain during a single leg squat at baseline
were excluded from this analysis. Independent one-way repeated
measures analysis of variances (ANOVAs) were completed to evaluate the effects of the foot orthoses on the number of pain free step
downs and single leg rises from sitting over time. Subsequent
pairwise comparisons were made using Bonferroni correction
between 12 weeks with orthoses; and baseline with and without
orthoses. Participants who were able to complete 25 step downs
and/or 20 single leg rises from sitting at baseline without orthoses
were excluded from this analysis.
Independent one-way repeated measures ANOVAs were performed to evaluate the effects of the foot orthoses on continuous

Three of the 60 participants withdrew from the study and thus,
follow up data for subjective measures of pain and function was
available for 57 participants. One participant withdrew due to
intolerable foot discomfort from the orthoses, one participant
sustained a foot lesion which prevented appropriate footwear
being worn, and one participant was unable to be contacted at
follow up. In addition to the three withdrawals, four other participants were unable to present for follow up evaluation of functional
performance at 12 weeks.
3.1. Functional performance
Of the 60 participants at baseline, 75% (n ¼ 45) were unable to
complete 25 pain free step downs, 83% (n ¼ 50) were unable to
complete 20 pain free single leg rises from sitting, and 84% (n ¼ 53)
experienced pain during the single leg squat task. At 12 weeks,
a signiﬁcantly lower proportion of participants possessed impairments for all functional performance measures: 55% (n ¼ 33;
p < 0.001), 70% (n ¼ 42; p ¼ 0.006) and 67% (n ¼ 40; p ¼ < 0.001),
respectively. Results indicated an increase in the number of step
downs and single leg rises from sitting at 12 weeks with the foot
orthoses compared to baseline with (p ¼ 0.028) and without
(p < 0.001) foot orthoses (Table 1). The foot orthoses produced
signiﬁcant improvements in pain (p < 0.001) and ease (p < 0.001)
when completing a single leg squat at 12 weeks (Table 2). Additionally, greater pain reduction during a single leg squat was found
following 12 weeks of wearing the foot orthoses compared to
immediate reductions found at baseline (p ¼ 0.031).
3.2. Subjective pain and function
Signiﬁcant reductions in average and worst pain; and
improvements in the AKPS and LEFS compared to baseline were

Table 2
Frequency of change in pain and ease of task during the single leg squat with the foot orthoses at baseline and 12 weeks.

Change in pain
Baseline (n ¼ 53)
At 12 weeks (n ¼ 53)
Change in ease
Baseline (n ¼ 60)
At 12 weeks (n ¼ 60)

Marked improvement
% (frequency)

Moderate improvement
% (frequency)

No change
% (frequency)

Moderate worsening
% (frequency)

Marked worsening % (frequency)

13 (7)
28 (15)

32 (17)
26 (14)

47 (25)
42 (22)

8 (4)
4 (2)

0 (0)
0 (0)

15 (9)
15 (9)

50 (30)
48 (29)

28 (17)
28 (17)

7 (4)
8 (5)

0 (0)
0 (0)
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Table 3
Comparison of continuous subjective measures of pain and function between baseline, six and 12 weeks.
Outcome measure Baseline (SD) 6 weeks (SD) 12 weeks (SD) ANOVA p value 6 weeks V baseline

Usual paina
Worst paina
AKPSb
LEFSc

33.8
54.8
69.9
62.8

(20.9)
(18.6)
(11.0)
(11.2)

22.2
33.3
76.9
68.5

(17.8)
(23.8)
(12.2)
(7.8)

23.5
36.0
77.3
68.8

(19.1)
(26.59)
(13.4)
(8.1)

<0.001
<0.001
<0.001
<0.001

12 weeks V baseline
p

11.7
21.5
7.0
5.6

<0.001 10.4 (17.1 to 3.7)
0.001 1.3 (2.5
<0.001 18.8 (26.7 to 11.0) <0.001 2.6 (2.9
<0.001
7.5 (3.7e11.2)
<0.001 0.5 (3.0
<0.001
6.0 (3.3e8.7)
<0.001 0.4 (0.8

(17.6 to 5.8)
(28.4 to 14.6)
(3.3e10.7)
(2.9e8.4)

Mean (95% CI)

12 weeks V 6 weeks

Mean (95% CI)

p

Mean (95% CI)
to
to
to
to

5.0)
8.2)
2.0)
1.6)

P
1.000
0.738
1.000
1.000

AKPS, anterior knee pain scale; ANOVA, analysis of variance; CI, conﬁdence interval; LEFS, lower extremity functional scale; SD, standard deviation.
a
measured using 100 mm visual analogue scale where 0 mm equates to no pain and 100 mm equates to worst pain imaginable.
b
Scored out of 100 where 100 equates to greatest possible function and 0 equates to lowest possible function.
c
Scored out of 80 where 80 equates to greatest possible function and 0 equates to lowest possible function.

found following six and 12 weeks of wearing the foot orthoses
(Table 3). There were no differences in any of the subjective
measures of pain and function between six and 12 weeks. Additionally, no differences were found for patient perceived clinical
success between six and 12 weeks (p ¼ 0.480) (Table 4).
4. Discussion
We recently reported that prefabricated foot orthoses result in
immediate improvements in functional performance in individuals
with PFPS (Barton et al., in press). Speciﬁcally, they increased the
number of pain free step downs and single leg rises from sitting;
and reduced pain and improved ease when completing a single leg
squat (Barton et al., in press). The present study is the ﬁrst to
evaluate the effects of foot orthoses on functional performance over
time in individuals with PFPS. Additionally, the effects of unmodiﬁed prefabricated foot orthoses on subjective pain and function
following six and 12 weeks were evaluated.
Consistent with immediate effects (Barton et al., in press), foot
orthoses signiﬁcantly increased the number of pain free step downs
and single leg rises from sitting, and reduced pain and improved
ease when completing a single leg squat following 12 weeks.
Additionally, the number of participants with impaired function
was reduced by 13e20% for the functional performance measures
evaluated. Since reduced functional performance due to knee pain
has been linked to osteoarthritis development later in life
(Thorstensson et al., 2004), these improvements may be important
to long term prognosis for some individuals with PFPS. However,
establishing whether functional performance or changes in functional performance following intervention are linked with prognosis and osteoarthritis development speciﬁcally in individuals
with PFPS requires additional evaluation.
Improvements in functional performance following 12 weeks
were found to be greater than those produced immediately.
Wearing foot orthoses at 12 weeks increased the number of pain
free step downs and single leg rises from sitting by three compared
to baseline measures when wearing the foot orthoses. Additionally,
28% of participants reported a marked reduction in pain with the
foot orthoses at 12 weeks compared to 13% at baseline. The
mechanism(s) by which functional improvements are obtained
immediately and over time may be due to a number of factors. A
recent systematic review on mechanisms for foot orthoses

effectiveness (Mills, Blanch, Chapman, McPoil, & Vicenzino, 2009)
divided biomechanical factors into three paradigms; neuromotor,
kinematic and shock attenuation. When attempting to explain this
study’s ﬁndings, neuromotor and kinematic paradigms require
consideration, whilst shock attenuation is not applicable because
the foot remained ﬁxed to the ground during all tasks.
There is an absence of research that has evaluated neuromotor
effects of foot orthoses in individuals with PFPS (Barton et al., in press;
Mills et al., 2009). However, it has been hypothesised that foot
orthoses may derive their effectiveness through enhancement of
afferent feedback from the cutaneous plantar receptors of the foot
(Hertel, Sloss, & Earl, 2005). Such changes may require neuroplasticity
over time, possibly explaining the greater functional improvements
with the foot orthoses found following 12 weeks, compared to
immediately. Evaluating neuromotor changes immediately and
following habituation with foot orthoses in individuals with PFPS is
needed. Speciﬁcally, variables that may be altered in individuals with
PFPS including gluteus medius (Brindle, Mattacola, & McCrory, 2003;
Cowan, Crossley, & Bennell, 2009) and vastus medialis oblique
(Cowan, Bennell, Hodges, Crossley, & McConnell, 2001; Cowan,
Hodges, Bennell, & Crossley, 2002) timing should be evaluated.
Only one previous study (Eng & Pierrynowski, 1994) has evaluated the kinematic effects of foot orthoses in individuals with
PFPS. The results of this study are not directly comparable to the
current study, due to different tasks (walking and running) and
time points (three weeks following habituation). However, the
ﬁndings indicated that foot orthoses reduced the knee (tibiofemoral) rotation range of motion during the contact phase of
walking (Barton et al., 2010). Since greater tibiofemoral rotation
may increase PFJ stress (Li, DeFrate, Zayontz, Park, & Gill, 2004), it is
possible that foot orthoses efﬁcacy in individuals with PFPS may be
related to this kinematic effect. Understanding possible mechanisms behind functional improvements found in this study requires
additional assessment of the immediate and longer term foot, knee
and hip kinematic effects of foot orthoses in individuals with PFPS.
Identiﬁcation of links between functional improvements and
kinematic variables (e.g. reduction in rearfoot eversion) may allow
future research to establish a sub-population with greater functional performance improvements. Ultimately, this would assist
clinical decision making when prescribing foot orthoses.
In addition to enhanced functional performance, foot orthoses
reduced usual and worst pain, and improved AKPS and LEFS after

Table 4
Frequency of each rating for the patient perceived clinical success Likert scale at six and 12 weeks.

6 weeks (n ¼ 57)
12 weeks (n ¼ 57)

Marked improvement
% (frequency)

Moderate improvement
% (frequency)

No change
% (frequency)

Moderate worsening
% (frequency)

Marked worsening
% (frequency)

19 (11)
25 (14)

47 (27)
42 (24)

30 (17)
28 (16)

4 (2)
5 (3)

0 (0)
0 (0)
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six and 12 weeks. However, no signiﬁcant differences were found
between the six and 12 week time points for any of the continuous
subjective measures of pain or function, nor for patient perceived
clinical success. This indicates that the foot orthoses used in this
study may have their greatest effectiveness in the early stages of
rehabilitation, with a plateau in recovery over time.
With the exception of the reduction in worst pain following 6
weeks, all group mean changes for subjective outcome measures
were lower than their respective minimal clinically important
differences previously established (Binkley et al., 1999; Crossley,
Bennell, Cowan, & Green, 2004). This would indicate unmodiﬁed
prefabricated foot orthoses may not produce clinically important
outcomes for all individuals with PFPS when considered as a group.
When participants were considered individually, the frequency of
clinically important outcomes for the AKPS, LEFS, usual pain and
worst pain were 38% (i.e. 23 increased by at least 10 points), 27% (i.e.16
increased by at least 9 points), 25% (i.e. 15 reduced by at least 20 mm)
and 50% (i.e. 30 reduced by at least 20 mm), respectively. Future
research may enhance the number of participants with minimal
clinically important differences and hence foot orthoses efﬁcacy by
recruiting a sub-population (e.g. excessive pronators) of individuals
with PFPS most likely to beneﬁt from foot orthoses prescription.
One of the limitations of this study is that it did not contain
a control group. However, our results may be compared to ﬁndings
reported in the recent Collins et al. (2008) RCT which evaluated foot
orthoses efﬁcacy for PFPS. They reported a signiﬁcantly greater
number of successful patient outcomes in their foot orthoses group
compared to a control group (ﬂat inserts) at six weeks (Collins et al.,
2008). When using intention to treat analysis, 18% (11/60) of
participants in this study reported they were markedly better at 6
weeks compared to 24% (11/46) and 11% (5/45) in the foot orthoses
and ﬂat insert groups respectively from the RCT (Collins, 2009).
Additionally, reductions in usual and worst pain, and improvements in the AKPS score in this study were greater (12 mm, 22 mm
and 7 points, respectively) than the ﬂat insert group (1 mm, 9 mm
and 3 points, respectively) and comparable or slightly less than the
foot orthoses group (13 mm, 20 mm, and 9 points, respectively)
from the RCT at six weeks (Collins et al., 2008). Although direct
comparisons between the two studies cannot be made, it appears
as though unmodiﬁed prefabricated foot orthoses may be more
effective than ﬂat inserts, but less effective than modiﬁed prefabricated foot orthoses. While additional research directly
comparing different foot orthoses prescription methods is needed
to establish the most effective and economically viable approaches,
the current study provides further evidence supporting the shortterm use of foot orthoses for PFPS.
4.1. Limitations
This study was not a randomised controlled trial and neither the
examiner nor the participants were blinded to the presence or
absence of foot orthoses. In the absence of a control condition or
group, the contributions of placebo and/or Hawthorne effects to the
positive functional performance ﬁndings with the foot orthoses
cannot be elucidated. Additional research evaluating functional
performance outcomes following foot orthoses prescription
compared to alternate or placebo interventions is needed.
5. Conclusion
Prefabricated foot orthoses signiﬁcantly enhanced functional
performance in individuals with PFPS after 12 weeks, and these
improvements were greater than those observed immediately after
the foot orthoses were issued. These improvements may be
important to long term prognosis and prevention of osteoarthritis

development for some individuals with PFPS. Foot orthoses used in
this study improved subjective measures of pain and function after
six and 12 weeks. However, no differences in improvements or
patient perceived clinical success were found between six and 12
weeks, indicating a plateau in recovery over time.
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7.3 Additional analysis: the influence of foot posture and
footwear on functional performance changes 12 weeks
following foot orthoses prescription in individuals with
patellofemoral pain syndrome

7.3.1 Background

The two papers presented in this chapter [102, 126] indicate that unmodified
prefabricated foot orthoses are able to provide immediate and intermediate (12 weeks)
improvements in functional performance. Additionally, the first paper presented in this
chapter (Section 7.1) [102] also found a more pronated foot type to be associated with
greater functional performance improvements. Specifically, greater calcaneal eversion
relative to STJN and greater reduction in calcaneal eversion relative to STJN with the
foot orthoses were found to be associated with greater improvement in the number of
pain-free single leg rises from sitting. During the single leg squat test, a more pronated
foot and greater reduction in pronation with the foot orthoses, as measured by the FPI
were found to be associated with a reduction in pain. Additionally, a greater reduction in
pronation with the foot orthoses, as measured by the FPI was associated with improved
ease of completing a single leg squat.
Although the results outlined above indicate associations between foot posture and
immediate functional performance changes, none of them were strong. The strongest
significant relationship was between the calcaneal angle relative to STJN measure and
change in number of pain-free single leg rises from sitting. However, this relationship
explained only 19% of the variance in functional performance change. This, combined
with findings from Chapter 6 (see Section 6.1) indicating limited association between
static and dynamic foot function, may mean the validity of clinical foot posture
assessment to guide foot orthoses prescription decisions is limited. However, to
adequately evaluate the value of foot posture assessment when considering foot orthoses
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prescription for individuals with PFPS, associations with longer term outcomes need to
be established.
The first paper presented in this Chapter (Section 7.2) was the first to evaluate the
influence on footwear characteristics on foot orthoses efficacy in individuals with PFPS.
Interestingly, findings indicated that lower footwear motion control properties were
associated with greater functional performance improvements. Specifically, lower
footwear motion control properties were found to be moderately associated with greater
improvement in the number of pain-free single leg rises from sitting (r = -0.338) and a
greater reduction in pain during the completion of a single leg squat (r = -0.424),
explaining 11 and 18% of variance respectively. Although these relationships were not
strong, they highlight the potential importance of footwear assessment when
considering foot orthoses prescription for individuals with PFPS. Additionally,
evaluation of the influence of footwear motion control properties on longer term
outcomes is warranted.
The aim of this additional analysis was to evaluate the influence of foot posture, change
in foot posture with the provision of the foot orthoses, and footwear motion control
properties on intermediate changes (12 weeks) to functional performance following foot
orthoses prescription.

7.3.2 Methods
Further data analysis, using the same participants and data from the second paper
presented in this chapter (Section 7.2) [126], was completed. To complete this analysis,
additional data was collected from each participant. This included evaluation of foot
posture and change in foot posture with the provision of the foot orthoses using the
same measures (FPI, normalised navicular drop and calcaneal angle relative to STJN)
and methods as the first paper from this chapter (Section 7.1) [102]. Additionally,
footwear of each participant was evaluated using the same motion control properties
scale [111] used in the first paper from this chapter (Section 7.1) [102]. However, the
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motion control properties scale was completed on all footwear used by participants
throughout the 12 week period of the study, and not just those in which participants
most commonly experienced pain [102]. The multiple scores were converted to single
scores for each participant by calculating a weighted average. The weighted average
was calculated by taking into account the percentage of time each pair of footwear was
worn throughout the study period recorded in a diary by each participant. The
association of changes to functional performance with footwear and foot posture
measures were then evaluated using Spearman’s rho correlation coefficients with
significance set at p < 0.05.

7.3.3 Results

Correlations between the intermediate (12 weeks) functional performance outcomes and
baseline measurements of foot posture, change in foot posture and footwear motion
control properties can be found in Table 7.1. The results indicated that lower footwear
motion control properties were associated with greater improvement in the number of
pain-free single leg sit to stands, explaining 11% of variance. No associations between
intermediate (12 weeks) functional performance changes and foot posture or change in
foot posture were identified.
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Table 7.1 Correlations between the effects of the foot orthoses following 12 weeks and baseline measurements (foot posture, change in foot
posture with foot orthoses, and footwear motion control properties).
Mean (range)

Step downs

Single leg rise from sitting

Pain SLSq

Ease SLSq

R Value^

P Value

R Value^

P Value^

R Value^

P Value

R Value^

P Value

3.5 (-4 to 10)

0.178

0.285

0.059

0.718

0.090

0.520

0.049

0.707

Normalised navicular drop (% FL)

2.3 (-1.7 to 6.8)

0.077

0.646

-0.023

0.887

0.093

0.509

-0.095

0.472

Calcaneal angle relative to STJN (º)

3.6 (-2.3 to 13.0)

0.172

0.301

0.075

0.645

0.013

0.924

-0.023

0.861

Foot posture index

1.8 (0.0 to 4.0)

0.199

0.231

0.067

0.681

0.065

0.644

0.038

0.774

Normalised navicular drop (% FL)

1.7 (-2.9 to 5.0)

-0.035

0.832

-0.006

0.971

-0.014

0.920

-0.169

0.197

Calcaneal angle relative to STJN (º)

1.7 (-1.5 to 5.8)

0.181

0.275

0.079

0.627

-0.108

0.442

-0.004

0.977

5.5 (2.2 to 9.7)

0.064

0.711

-.338*

0.041

-0.135

0.373

-0.245

0.077

Foot posture
Foot posture index

Change in foot posture

Footwear
Motion control properties

* p < .05
** p < .01
^ Calculated using Spearman’s rho.
SLSq = single leg squat, STJN = subtalar joint neutral.
NB: Positive correlations indicate that improvements are associated with a more pronated foot type, greater reduction in pronation, and greater footwear motion control
properties.
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7.3.4 Discussion
The observation of excessive foot pronation has traditionally formed the basis of foot
orthoses prescription in individuals with PFPS [46, 58, 127]. In response to this
theoretical rationale, most previous clinical trials evaluating foot orthoses in individuals
with PFPS have used indicators of excessive pronation as part of their inclusion criteria
[128-132]. In the first paper presented in this chapter (Section 7.1) [102] a number of
correlations between a more pronated foot posture or greater change in foot posture and
immediate improvements in functional were identified. However, the strongest
correlation was able to explain just 19% of variance. This combined with the limited
relationship between static and dynamic foot function reported in Chapter 6 (see Section
6.1) indicates assessing foot pronation statically may be inadequate when considering
foot orthoses prescription for individuals with PFPS. Results from the current study
further highlight these possible inadequacies. Specifically, neither foot posture nor
changes in foot posture (as measured using reliable clinical measures [71]) were
associated with intermediate (12 weeks) changes in functional performance following
foot orthoses prescription.
Although findings from this chapter indicate clinical foot posture assessment may
provide limited insight into likely functional performance improvements following foot
orthoses prescription in individuals with PFPS, a number of methodological issues need
to be considered. Firstly, clinical foot posture measures evaluated were not exhaustive
of all tests available in the clinical setting. Therefore, it is possible that other foot
posture assessment methods may be more strongly related to functional performance
improvements than those which were evaluated in this chapter. Secondly, one of the
exclusion criteria for recruitment was the use of foot orthoses during the previous five
years. Because individuals with more pronated foot types may be more likely to be
prescribed foot orthoses previously, this may have resulted in an inadequate number of
participants possessing highly pronated foot types being recruited. The relationship
between foot posture and foot orthoses outcomes might be greater in a cohort that
includes a greater range of foot type (including highly pronated). Thirdly, the
unmodified prefabricated foot orthoses provided may not facilitate adequate postural
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correction in individuals with more pronated foot types. Therefore, individuals with
more pronated foot types may not gain functional improvements without the provision
of a more customised device. Finally, the functional performance changes evaluated in
this chapter may not be specifically related to other measures of clinical improvement
such as a patient’s perception of improvement, quality of life, or changes to
participation in occupational and recreational activity. The association of foot posture
with changes to these clinical measures following foot orthoses prescription requires
further evaluation.
The influence of footwear characteristics on clinical outcomes following foot orthoses
prescription in individuals with PFPS has not previously been evaluated. Findings from
the first paper presented in this chapter (Section 7.1) [102] indicated that footwear
motion control properties may influence immediate changes to functional performance
following prefabricated foot orthoses provision. Specifically, lower motion control
properties were associated with greater improvement in the number of pain-free single
leg rises from sitting and a greater reduction in pain during the completion of a single
leg squat, explaining 11 and 18% of variance respectively. The additional analysis from
the second paper presented in this chapter (Section 7.2) [126] indicated that reduced
footwear motion control properties were associated with greater improvements in the
number of pain-free single leg rises from sitting 12 weeks following foot orthoses
prescription, explaining 11% of variance.
Combined findings from this chapter indicate that footwear influences the effects of
prefabricated foot orthoses on functional performance in both the immediate [102] and
intermediate (12 weeks) [126] term. Although these relationships are not strong, they do
highlight the importance of considering footwear consideration when prescribing foot
orthoses to individuals with PFPS. Additionally, it is conceivable that modifying an
individual’s footwear habits to improve motion control properties may produce
therapeutic benefits independent of other intervention. However, this is an area
requiring additional research beyond the scope of the current thesis.
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CHAPTER 8

Predicting prefabricated foot orthoses
outcomes in individuals with
patellofemoral pain syndrome
8.1 Clinical predictors of foot orthoses efficacy in
individuals with patellofemoral pain
In Chapter 2, Section 2.3, the systematic review evaluating the efficacy of foot orthoses
for individuals with PFPS [60] provided level I evidence for the prescription of
prefabricated foot orthoses [56]. Specifically, Collins et al [56] reported a greater
number of participants with patient perceived improvement at six weeks in group
receiving prefabricated foot orthoses group compared to a group receiving flat inserts
(control group). The number needed to treat for one additional improver when
prescribing prefabricated foot orthoses was calculated as four [56], indicating that they
are likely to be a cost-effective intervention. However, it is possible that greater efficacy
may be established if individuals with PFPS most likely to benefit from foot orthoses
prescription could be identified [56].
One method of identifying individuals most likely to benefit from a particular treatment
intervention is to develop a clinical prediction rule [133]. In short, this involves the
prospective collection of a range of baseline variables hypothesised to be associated
with a successful intervention. Outcomes at a certain time point following the
intervention are then dichotomised as either successful or unsuccessful, and baseline
variables are compared univariately between the two groups. Variables found to have
univariate relationship with success are then evaluated for their predictive ability using
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regression analysis. Finally, variables found to be predictive are retained to form part of
a clinical prediction rule [133].
Only one paper outlining the development of a clinical prediction rule for outcomes
following foot orthoses prescription in individuals with PFPS was identified [70] in the
systematic review from Chapter 2 (Section 2.3) [60]. Interestingly, this reported that a
less pronated foot type was associated with successful outcomes (i.e. greater than 50%
reduction in pain) [70]. However, methodological issues including inclusion of
concurrent treatment involving the modification of participant’s activity levels and poor
reliability of baseline foot posture measures used (intra-rater intraclass correlation
coefficients = 0.25 to 0.55) limit the validity of these findings.
Since the literature search was completed for the systematic review in Chapter 2
(Section 2.3) [60], one additional clinical prediction rule paper evaluating potential
predictors of foot orthoses outcomes in individuals with PFPS was published [134]. The
post hoc clinical prediction rule developed was based on 12 week outcomes for the
prefabricated foot orthoses group (n= 42) in the Collins et al (2008) RCT [56].
Variables reported to be associated with marked improvement in this study included age
over 25 years, height less than 165cm, worst pain severity in the previous week of less
than 53.25mm on a 100mm VAS, and a more mobile midfoot under load (difference in
midfoot width from non-weight bearing to weight bearing greater than 10.96mm) [134].
Additionally, fulfilment of any three out of these four variables improved the likelihood
of marked improvement from 40 to 86% [134]. Although this is a good preliminary
clinical prediction rule, it was not developed from a purposely designed study. As a
result, the analysis was inadequately powered for the number of variables entered into
the regression equation [135], and evaluation was limited to patient demographics and
foot morphometry.
The aim of the first study in this chapter was to identify clinical predictors of foot
orthoses efficacy in individuals with PFPS through development of a clinical prediction
rule. Baseline variables of interest were designed to be clinically applicable and
included: patient demographics; pain characteristics; footwear characteristics; foot and
ankle characteristics; and immediate changes to functional performance and footwear
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comfort with foot orthoses.
This manuscript has been published as follows:
Barton CJ, Menz HB, Crossley KM. Clinical predictors of foot orthoses efficacy in
individuals with patellemoral pain. Medicine and Science in Sports and Exercise
2011;DOI: 10.1249/MSS.0b013e318211c45d (In press – uncorrected proofs presented).
This study has been presented at a national and international conference:
Barton CJ, Menz HB, Crossley KM. Clinical predictors of foot orthoses efficacy in
individuals with patellemoral pain syndrome. American College of Sports Medicine
Annual Meeting. June 2009, Baltimore, USA.
Barton CJ, Menz HB, Crossley KM. Foot orthoses efficacy in patellemoral pain
syndrome – potential clinical predictors. Australian Physiotherapy Association
Conference. October 2009, Sydney, Australia.

174

Copyeditor: Jamaica Polintan

Clinical Predictors of Foot Orthoses Efficacy in
Individuals with Patellofemoral Pain
CHRISTIAN J. BARTON1,2, HYLTON B. MENZ1, and KAY M. CROSSLEY3
1
2
3

Musculoskeletal Research Centre, Faculty of Health Sciences, La Trobe University Bundoora, Victoria, AUSTRALIA;
School of Physiotherapy, Faculty of Health Sciences, La Trobe University Bundoora, Victoria, AUSTRALIA; and
Department of Mechanical Engineering, University of Melbourne, AUSTRALIA

ABSTRACT
BARTON, C. J., H. B. MENZ, and K. M. CROSSLEY. Clinical Predictors of Foot Orthoses Efficacy in Individuals with Patellofemoral
Pain. Med. Sci. Sports Exerc., Vol. 43, No. 9, pp. 00–00, 2011. Purpose: There is emerging evidence that foot orthoses are effective
in the management of patellofemoral pain syndrome (PFPS). However, the identification of those most likely to benefit from foot
orthoses has not been adequately explored. The aim of this study was to develop a preliminary clinical prediction rule to help identify
individuals with PFPS who are most likely to benefit from foot orthoses. Methods: A total of 60 individuals with PFPS were issued
with noncustomized prefabricated foot orthoses containing built-in arch supports and 4- rear foot varus wedging. Patient-reported level
of improvement was documented at 12 wk. Potential baseline predictor variables of interest included patient demographics, pain characteristics, footwear motion control properties, foot and ankle characteristics, and functional performance measures. Results: Fourteen
(25%) participants reported marked improvement at 12 wk. The number of participants with marked improvement increased to 78% if
three of the following four criteria were met: footwear motion control properties score of G5.0 (indicative of less supportive footwear),
usual pain G22.0 mm, ankle dorsiflexion range of motion (knee flexed) G41-, and reduced single-leg squat pain when wearing the orthoses.
Conclusions: Individuals with PFPS who wear less supportive footwear, report lower levels of pain, exhibit less ankle dorsiflexion range
of motion, and report an immediate reduction in pain with foot orthoses when performing a single-leg squat are more likely to benefit from
foot orthoses. Key Words: PATELLOFEMORAL PAIN SYNDROME, ANTERIOR KNEE PAIN, INSOLES, CLINICAL PREDICTION
RULE, FOOTWEAR, FUNCTIONAL PERFORMANCE

P

atellofemoral pain syndrome (PFPS) is one of the
most frequent presentations to sports medicine clinicians (32). Symptoms resulting from PFPS often
diminish functional performance (4,16,28), and chronic knee
pain may be linked to osteoarthritis development later in
life (33,34). Owing to the multifactorial nature of PFPS, a
variety of conservative treatment options with variable levels
of efficacy have been proposed (7). One commonly advocated
intervention for PFPS with emerging evidence is the prescription of foot orthoses (1,10,17,18,21,25,31). However, because
all individuals are unlikely to have positive results from a
single intervention, it is important to identify PFPS individuals most likely to benefit from foot orthoses prescription.
The majority of previous studies evaluating foot orthoses in individuals with PFPS have used observations of ex-

AQ1

cessive foot pronation as part of their inclusion criteria
(1,17,18,21,25). However, evidence linking excessive foot
pronation to clinical success in PFPS populations is limited.
In a recent randomized clinical trial (RCT) evaluating foot
orthoses efficacy for individuals with PFPS (10), participants
were recruited regardless of foot type. This study revealed
that a significantly greater number of participants receiving
foot orthoses reported positive clinical outcomes compared
with those receiving flat inserts (10). Despite this, not all
individuals receiving foot orthoses reported improvements.
Considering this, Vicenzino et al. (36) developed a post hoc
clinical prediction rule in the same cohort to identify those
most likely to report marked improvement. Four predictive
variables were identified, namely, older individuals, shorter
individuals, individuals with lower baseline pain, and individuals with greater foot mobility. Although this is a good
preliminary clinical prediction rule, it was not developed
from a purposely designed study. As a result, the analysis was
inadequately powered for the number of variables entered
into the regression equation (12), and evaluation was limited
to patient demographics and foot morphometry.
Sutlive et al. (31) also attempted to identify predictors
of PFPS individuals most likely to improve after prefabricated foot orthoses prescription, using a military cohort.
The study identified three predictors of 950% pain reduction
after 3 wk ( positive likelihood ratio 9 2.0), including greater

Address for correspondence: Christian J. Barton, Musculoskeletal Research
Centre, La Trobe University Bundoora, Victoria 3083, Australia; E-mail:
c.barton@latrobe.edu.au.
Submitted for publication July 2010.
Accepted for publication January 2011.
0195-9131/11/4309-0000/0
MEDICINE & SCIENCE IN SPORTS & EXERCISEÒ
Copyright Ó 2011 by the American College of Sports Medicine
DOI: 10.1249/MSS.0b013e318211c45d

1

Copyright @ 2011 by the American College of Sports Medicine. Unauthorized reproduction of this article is prohibited.

175

forefoot valgum, reduced first metatarsophalangeal joint
(MTPJ) dorsiflexion, and reduced navicular drop (less pronated foot type) (31). However, because of the poor interrater
reliability reported for prediction variables (ICC = 0.25–0.55)
and poor sensitivity of the non–weight bearing forefoot and
first MTPJ measurements (ICC = 0.13), the findings have
limited utility. Further research using reliable weight bearing
methods for these foot characteristics is required to establish
their validity as predictors of foot orthoses outcomes in individuals with PFPS.
In addition to foot characteristics, sagittal-plane motion at
the ankle requires consideration. Restricted ankle dorsiflexion range has been reported to delay the time to reinversion of
the rear foot during walking (13). This relationship may be
particularly important considering the traditional theoretical
rationale for foot orthoses prescription when treating individuals with PFPS. Although this theory lacks scientific validation, Tiberio (35) proposed that foot orthoses should be
prescribed to PFPS individuals with delayed reinversion of
the rear foot in an attempt to reduce any associated excessive
tibial and femoral internal rotation.
Several factors unrelated to foot and ankle characteristics
have also been proposed to be associated with foot orthoses
efficacy in individuals with PFPS. These include comfort
(10,24), immediate improvements in functional performance
(4), and footwear characteristics (4,22). Although the recent
PFPS clinical prediction rule study by Vicenzino et al. (36)
indicated that the level of foot orthoses comfort was not
associated with clinical outcomes (36), enhancing comfort
was the primary aim of the foot orthoses customization protocol used in this study (36). Therefore, additional research
evaluating the association of comfort with clinical outcomes
is needed. The ability of functional performance measures
and footwear characteristics to predict foot orthoses outcomes
in PFPS is also yet to be evaluated (6).
Considering the variable response to foot orthoses intervention of individuals with PFPS, the aim of this study was
to identify predictors of foot orthoses efficacy in individuals
with PFPS. Specifically, the ability of clinically applicable
measurements including patient demographics, pain characteristics, footwear characteristics, foot and ankle characteristics, and immediate changes to functional performance
and footwear comfort with foot orthoses to predict patientperceived marked improvement at 12 wk was evaluated.

was based on definitions used in previous high-quality RCT
(10,15). Inclusion criteria were as follows: aged 18–35 yr;
insidious onset of peripatellar or retropatellar knee pain of
at least 6 wk in duration; worst pain in the previous week of
at least 30 mm on a 100-mm visual analog scale (VAS); pain
provoked by at least two activities from running, walking,
hopping, squatting, stair negotiation, kneeling, or prolonged
sitting; and pain elicited by patellar palpation, patellofemoral
joint (PFJ) compression, or resisted isometric quadriceps contraction. Exclusion criteria were as follows: use of foot
orthoses in the previous 5 yr; physiotherapy treatment in the
previous 6 months; current use of anti-inflammatory medications; or concomitant injury or pain arising from the lumbar spine or hip, knee internal derangement, knee ligament
insufficiency, previous knee surgery, PFJ instability, or patellar tendinopathy.
Intervention
Participants attended a single-treatment (15 min) and data
collection (60 min) session. During this session, all baseline
data were collected before issuing each participant with a
pair of prefabricated foot orthoses. The orthoses were commercially available three-quarter-length devices with lateral
cutouts (Vasyli Pro; Vasyli International), made of ethelene- AQ3
vinyl acetate of medium density (Shore A 55), containing
built-in arch supports and 4- varus rear foot wedging (Fig. 1). F1
No customization of the orthoses was performed. However,
size was individualized, ensuring that the first MTPJ was
just distal to end of the orthoses. These orthoses were chosen
because during pilot testing they were able to fit into most
footwear and were generally perceived as comfortable while
still providing improved support to the foot.
Participants were asked to wear footwear that was able
to accommodate the orthoses whenever possible. To assist

METHODS
Participants
Sixty individuals with PFPS (16 men and 44 women)
were recruited via advertisements placed at universities, hospitals, and community notice boards in the greater Melbourne
area. Mean T SD age, height, and weight of participants were
26 T 5 yr, 1.70 T 0.08 m, and 68 T 12 kg, respectively.
AQ2 The study was approved by the Faculty of Health Sciences’
human ethics committee, and each participant gave written
informed consent before participation. Diagnosis of PFPS
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FIGURE 1—Prefabricated foot orthoses (Vasyli Pro; Vasyli International) issued to each participant. Reprinted from Barton CJ, Menz
HB, and Crossley KM. Effects of prefabricated foot orthoses on pain
and function in individuals with patellofemoral pain syndrome: a cohort study. Phys Ther Sport. 2010. Used with permission.
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with compliance, each participant was provided with a diary,
which each participant was required to enter daily the physical activity completed, what footwear each wore, and how
often each used the foot orthoses. In addition, participants
were instructed to refrain from using any additional treatment for their knee pain (e.g., physiotherapy or a new form of
pharmacotherapy). Any additional treatment was to be documented in the diary.
Primary Outcome Measure
At 12 wk after foot orthoses prescription, each participant rated the perceived improvement in symptoms using a
five-point Likert scale, consistent with previous PFPS RCT
(10,15). The five responses included markedly better, somewhat better, same, somewhat worse, and markedly worse.
For the purpose of developing a clinical prediction rule, those
reporting marked improvement were considered to have obtained a successful outcome. Those who reported to be moderately better, the same, moderately worse, or markedly worse
were considered unsuccessful.
Baseline (Predictor) Variables
Before issuing participants with foot orthoses, we collected a range of baseline data including patient demographics, pain characteristics, footwear characteristics, and foot
and ankle characteristics. We also evaluated the immediate
changes to functional performance and footwear produced by
the foot orthoses.
Patient demographics. Patient demographics of interest included sex, age, height, body mass, and weekly
physical activity levels. Physical activity levels were measured using the long version of the 7-d self-administered
International Physical Activity Questionnaire, which has
been reported to be a valid and reliable measurement tool in
similarly aged populations (14).
Pain characteristics. Subjective pain characteristics
recorded included duration of symptoms and usual and
worst pain severity during the previous week measured on
a 100-mm VAS (10,15). To objectively measure functional
limitations due to pain, two functional tasks previously
reported to be impaired in individuals with PFPS were
recorded (4). These included the number of pain-free step
downs from a 20-cm-high step (to a maximum of 25 repetitions) and single-leg rises from sitting (to a maximum of
20 repetitions) (4). Step downs involved tapping the floor
with contralateral limb and then returning to bipedal stance

while maintaining the tested limb in a fixed weight bearing
position (4). Single-leg rises from sitting involved repeatedly
standing from sitting and then returning to sitting with arms
crossed with the tested in a comfortable position anterior to
the chair and contralateral limb out in front of the body (4).
Footwear motion control characteristics. Footwear
assessment was completed using the motion control properties scale from the Footwear Assessment Tool (3). Items
within the scale include evaluation of fixation method (laces,
other, or none), presence or absence of dual density soles,
heel counter stiffness (rigid, moderate, minimal, or absent), and
midfoot sagittal and torsional stiffness (rigid, moderate, or
minimal) (3). Scoring for the scale is out of 11, with 11 indicating the greatest possible motion control properties and
0 indicating the poorest possible motion control properties.
Assessment was completed by a single rater with previously
established intrarater (ICC = 0.93) and interrater (ICC = 0.93)
reliability (3). The motion control properties scale was completed on all footwear used throughout the study by participants and converted to single scores for each participant by
calculating a weighted average (i.e., taking into account the
percentage of time each footwear pair was worn throughout
the study period as indicated by participants’ diaries).
Foot and ankle characteristics. Foot posture measurements included the Foot Posture Index (FPI) and normalized navicular drop (NND) measured in bilateral weight
bearing. These clinical measures were chosen because they
are easy to implement and have been shown to be reliable
and associated with PFPS (2). In addition, the range of first
MTPJ dorsiflexion and ankle dorsiflexion (with the knee
flexed) was also measured in weight bearing (2). All measurements were taken by a single rater with previously established ICC values for intrarater (FPI = 0.97, NND = 0.88;
first MTPJ dorsiflexion = 0.93, ankle dorsiflexion = 0.75) and
interrater reliability (FPI = 0.92, NND = 0.78, first MTPJ
dorsiflexion = 0.85, ankle dorsiflexion = 0.54–0.63) (2).
Change in functional performance. The immediate
change in pain during a single-leg squat with foot orthoses
was measured on a five-point Likert scale (markedly more
painful, somewhat more painful, same, somewhat less painful,
and markedly less painful) (4). The between-days reliability
of this functional performance measure has been established
in a previous study (J = 0.79) (4).
Change in footwear comfort. Participants were asked
to rate the immediate change in footwear comfort with the
addition of the foot orthoses during a 20-m walk using a fivepoint Likert scale (markedly better, somewhat better, same,

TABLE 1. Univariate comparisons of dichotomous variables, defining efficacy as marked improvement (n = 57 unless otherwise specified).
Variable
Sex
Comfort
SLSq pain (n = 50)*

Female
Male
+ve
jve
+ve
jve

Markedly Better (n = 14)

Moderately Better, Same, Moderately Worse, or Markedly Worse (n = 43)

P

11
3
5
9
10
1

31
12
14
29
12
27

0.898
1.000
0.001

* P G 0.20.
+ve, reduction in pain/improved comfort; jve, no change, or more pain/less comfort; SLSq = single-leg squat.
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TABLE 2. Univariate comparisons of continuous variables, defining efficacy as marked improvement (n = 57 unless otherwise specified).
Variable
Patient demographics
Age (yr)
Height (m)
Body mass (kg)
Baseline physical activity—IPAQ (METsIwkj1)
Pain characteristics
Duration (mo)
Usual pain (mm)a*
Worst pain (mm)a
Step-downs at baseline
Single-leg rises from sitting at baseline
Foot and ankle characteristics
FPI‡
NND (% foot length)c
First MTPJ DF (-)
Ankle dorsiflexion (knee flexed) (-)*
Footwear/diary data (n = 53)
Footwear motion control score (weighted mean)b*
Compliance (% time orthoses worn)

AQ5

Markedly Better,
Mean T SD, n = 14

Moderately Better, Same, Moderately Worse,
or Markedly Worse, Mean T SD, n = 43

26
1.70
68
4450

T
T
T
T

5
0.10
8
4119

26
1.69
67
3498

T
T
T
T

5
0.08
13
3886

0
0.01
1
952

64
26.9
52.4
13.5
7.3

T
T
T
T
T

51
25.3
19.2
8.5
7.1

70
36.1
55.6
12.2
7.4

T
T
T
T
T

61
19.0
18.6
9.3
7.1

2.9
1.72
55.1
40.1

T
T
T
T

3.0
1.70
9.4
13.2

3.5
2.33
53.5
45.2

T
T
T
T

3.2
1.95
12.4
6.0

4.87 T 1.19
79.9 T 16.3

5.71 T 1.74
81.6 T 15.1

P

Mean Difference (95% CI)
(j3 to 3)
(j0.05 to 0.06)
(j7 to 8)
(j1478 to 3383)

0.987
0.829
0.829
0.436

j6
j9.2
j3.2
1.3
j0.1

(j44 to 32)
(j21.9 to 3.6)
(j14.7 to 8.4)
(j4.3 to 6.9)
(j4.5 to 4.2)

0.756
0.156
0.587
0.647
0.943

j0.7
j0.61
1.5
j5.1

(j2.6 to 1.3)
(j1.78 to 0.56)
(j5.7 to 8.8)
(j10.3 to 0.0)

0.493
0.303
0.678
0.049

j0.85 (j1.70 to 0.01)
j1.7 (j11.4 to 8.0)

0.053
0.735

* P G 0.20.
a
Pain measured on a 100-mm VAS: 0 mm = no pain, 100 mm = worst pain imaginable.
b
Measured using the motion control properties scale from the footwear assessment form (4): 0 = poorest support possible, 11 = greatest support possible.
c
Higher values indicate more pronated foot type; lower values indicate more supinated foot type.
IPAQ, International Physical Activity Questionnaire.

somewhat worse, markedly worse). Between-days reliability
was established for change in comfort in a pilot study evaluating 20 individuals with PFPS (J = 0.75).
Statistical Analysis
Statistical analysis was performed using SPSS Version 17.0
(SPSS, Inc., Chicago, IL). A clinical prediction rule was developed for those reporting marked improvement at 12 wk.
First, each variable was tested for its univariate relationship
with marked improvement. Differences between efficacy categories for continuous variables were tested used using independent samples t-tests. Clinical tests using Likert scales were
converted to dichotomous data with any positive response
(better/less pain) considered to indicate an improvement and
any ‘‘same’’ or negative response (worse/more pain) considered to indicate an absence of improvement. Dichotomous
variables were tested for univariate relationship with marked
improvement using W2 statistics. All variables with a significance level of P G 0.20 were retained for multivariate prediction analysis to minimize the risk of excluding potentially
valuable predictors from further analysis (20).
Continuous variables with univariate relationships with
foot orthoses efficacy (P G 0.20) were plotted as receiver
operator characteristic (ROC) curves to determine values with
the best predictive accuracies (i.e., the point nearest the upper
left hand corner) (27). The sensitivity, specificity, and positive

likelihood ratios for each variable were calculated from these
cutoff values. Cutoff values were then used to dichotomize
data for each retained variable. All dichotomous variables
were then entered simultaneously into a direct logistic regression model to determine the most accurate set of predictor variables. A significance level of P 9 0.10 was required
for removal from the model to minimize the likelihood of
excluding potentially useful variables (20).

RESULTS
Fifty-seven (95%) of the 60 participants enrolled completed
the study at 12 wk. Of those who completed the study, four
failed to return or complete accurate diaries containing footwear and compliance data. In addition, seven participants did
not experience pain during the single-leg squat. None of the
participant diaries indicated the commencement of any new
form of treatment.
A total of 14 (25%) participants reported that they were
markedly better with the foot orthoses. Univariate analysis of
dichotomous variables can be found in Table 1. Univariate
analysis of continuous variables can be found in Table 2.
Reduced pain during a single-leg squat with the foot orthoses
(P = 0.001) and limited ankle dorsiflexion range (P = 0.049)
were found to be associated with marked improvement in the
univariate analyses.

T1
T2

TABLE 3. Potential predictors of marked improvement at 12 wk (pretest = 25%).
Variable (Number With Improvement/Number
Positive on Predictor)
Footwear motion control properties (weighted mean) G5.0 (10/25)
Usual pain G22.0 mm (9/20)a*
Ankle dorsiflexion (knee flexed) G41.3- (6/18)a
Reduced pain during SLSq (10/22)a

Sensitivity
a

0.71
0.64
0.43
0.91

(0.45–0.88)
(0.39–0.84)
(0.21–0.67)
(0.62–0.98)

Specificity
0.62
0.74
0.72
0.69

(0.46–0.75)
(0.60–0.85)
(0.57–0.83)
(0.54–0.81)

Likelihood Ratio
(95% CI)
1.9
2.5
1.5
3.0

(1.1–3.1)
(1.3–4.8)
(0.71–3.3)
(1.8–4.9)

Regression P

Posttest Prediction (%)

0.054
0.030
0.054
0.011

40
45
33
45

a

Retained after regression analysis (P G 0.10).
SLSq, single-leg squat.
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TABLE 4. Clinical prediction rules using retained predictors from regression analysis including footwear motion control properties (weighted mean) G5.0, usual pain G22.0 mm, ankle
dorsiflexion (knee flexed) G41.3-, and reduced pain during a single-leg squat with the foot orthoses (pretest = 25%).
Number of Positive Predictors
At least 1
At least 2
At least 3
Four

T3

T4

Successful

Unsuccessful

Sensitivity

Specificity

Positive Likelihood Ratio
(95% CI)

P

Posttest Success (%)

11
11
7
0

25
16
2
0

1.00 (0.74–1.00)
1.00 (0.74–1.00)
0.64 (0.35–0.85)
—

0.26 (0.14–0.42)
0.54 (0.38–0.70)
0.94 (0.81–0.98)
—

1.3 (1.1–1.6)
2.2 (1.5–3.1)
11.1 (2.7–46.0)
—

0.150
0.005
0.000
—

24
41
78
—

Direct regression analysis. Four variables were retained as potential predictors (P G 0.20) of marked improvement (Table 3). Direct regression analysis indicated that a
footwear motion control properties score of G5.0 (indicative
of less supportive footwear), usual pain G22.0 mm, ankle
dorsiflexion range of motion (knee flexed) G41.3-, and reduction in pain with the foot orthoses during completion of
a single-leg squat were associated with marked improvement
(P G 0.10). The greatest accuracy in predicting marked improvement was produced by positive findings on three of
four of these variables (posttest success = 78%; Table 4).

DISCUSSION
There is emerging evidence that foot orthoses are an effective intervention for PFPS (1,10,17,18,21,25,31). However, not all PFPS individuals respond in a similar manner
to foot orthoses prescription. Predictor variables identified
in this study add to the limited body of knowledge regarding the contribution of individual features to predicting the
efficacy of foot orthoses in individuals with PFPS (31,36).
This is also the first clinical prediction rule study to evaluate
the association of footwear properties, functional performance
measures, and compliance with orthoses use.
In this study, 25% of participants reported marked improvement after 12 wk of wearing noncustomized prefabricated foot orthoses. In addition, identification of a clinical
prediction rule using easy-to-implement clinical measurements substantially increased the prediction outcomes. Specifically, the likelihood of marked improvement increased
from 25% to 78% if three of the following four clinical criteria were met: footwear motion control properties score
(weighted mean) G5.0, usual pain G22.0 mm, ankle dorsiflexion range of motion (knee flexed) G41.3-, and immediate
reduction in pain during a single squat when wearing the foot
orthoses.
When evaluating individual predictors in isolation, reduction in pain with the foot orthoses during a single-leg squat
produced the greatest prediction accuracy (Table 3). Specifically, pretest probability for marked improvement increased
from 25% to 45% when pain was reduced during a single-leg
squat. Considering this, customizing foot orthoses to enhance
functional performance may optimize outcomes in future research and clinical practice.
The observation of excessive foot pronation has traditionally formed the basis of foot orthoses prescription in individuals with PFPS (9,19,23). In response to this theoretical
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rationale, most previous clinical trials evaluating foot orthoses
in individuals with PFPS have used indicators of excessive
pronation as part of their inclusion criteria (1,17,18,21,25).
Interestingly, foot posture and foot mobility (as measured by
the FPI and NND, respectively) were not found to be associated with foot orthoses efficacy in the current study. This
compounds the inconsistent findings related to the predictive
ability of foot posture and foot mobility in previous studies
(31,36). As a result, the ability to identify individuals who are
likely to respond favorably to foot orthoses prescription using
clinical measures of foot morphometry must be questioned.
There are several possible explanations for the lack of
association between foot morphometry and foot orthoses
outcomes in this study. The most likely is that static clinical
measurements used in the current study may not accurately
represent dynamic foot function. Using a subpopulation of
26 participants from this study, our group recently found that
greater peak rear foot eversion during walking was predictive of marked improvement (5). This would indicate that
dynamic evaluation of foot function may be more appropriate
than currently available clinical measures of foot morphometry. However, development of clinically appropriate measures of dynamic foot function is needed.
A second possible explanation for foot morphometry
findings in this study is that participants were excluded if
they had worn foot orthoses in the previous 5 yr. This lead
to only 8% (5/60) of participants possessing highly pronated foot postures (FPI score Q 9). Interestingly, each of
these participants reported moderate improvement at 12 wk.
Finally, this study did not seek to customize foot orthoses,
a procedure that may benefit those with more pronated
feet. The influence of highly pronated foot postures on foot
orthoses efficacy and the need for customization require
further evaluation.
On the basis of the theoretical paradigm proposed by Nigg
et al. (24), Collins et al. (10) customized prefabricated foot
orthoses in their RCT using enhanced comfort as the primary
aim. However, reduced foot orthoses comfort was found to be
associated with successful prescription in the Collins et al.
(10) cohort in univariate analyses (36). The current study
found no association between change in footwear comfort
after foot orthoses prescription. Therefore, using comfort enhancement as a primary aim when customizing prefabricated
foot orthoses may not be the most appropriate approach.
Despite the intimate relationship between foot orthoses
and footwear, previous research evaluating foot orthoses in
individuals with PFPS has not evaluated footwear characteristics (1,10,17,18,21,25,31). Consistent with our recent
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finding of immediate improvements in functional performance with foot orthoses (4), we found that less supportive
footwear (i.e., lower motion control properties scale scores)
was associated with greater improvement at 12 wk. Specifically, pretest probability for marked improvement increased
from 25% to 40% when participants wore footwear with a
motion control properties score (weighted mean) of G5.0.
Given this observation, the influence of altering footwear on
clinical outcomes requires further evaluation.
A recent prognostic study reported that greater baseline
pain levels were associated with poorer prognosis (11). Consistent with this and other clinical prediction rule findings
(36), lower baseline pain (usual pain) was associated with
greater improvements. Therefore, baseline pain levels should
be carefully considered and discussed with the patient in relation to the likelihood of improvement when prescribing
foot orthoses in a clinical setting. Specifically, the likelihood
of marked improvement in this study was only 14% (5/37)
if usual pain levels were 22.0 mm or greater. If it was
G22.0 mm, the likelihood of marked improvement increased
to 45%. These results indicate that foot orthoses without
customization as a stand-alone treatment may only be appropriate for individuals with mild pain. In those with more
severe pain, additional foot orthoses customization or combining with other therapies such as exercise and PFJ taping
may be needed to optimize outcomes.
Reduced ankle dorsiflexion (knee flexed) was included as
part of the clinical prediction rule in this study. Owing to the
absence of concurrent kinematic evaluation with and without foot orthoses in this study, there is no clear explanation
for this finding. One possible hypothesis is that the foot
orthoses provided compensation for reduced sagittal plane
motion at the ankle because of their three-quarter-length
design. Reported links between restricted ankle dorsiflexion
range and delayed reinversion of the rear foot during walking
may explain the need for this compensation. The traditional
theoretical rationale for foot orthoses prescription in individuals with PFPS is based on the belief that delayed reinversion
requires correction to prevent associated increases to tibial and
femoral internal rotation (35). Further research evaluating the
influence of limited ankle dorsiflexion and foot orthoses on
lower limb kinematics in individuals with PFPS is needed.
Patient demographics (i.e., sex, age, height, weight, or
baseline physical activity levels) were not retained in either
clinical prediction rule developed in this study. This finding
is in contrast to findings reported by Vicenzino et al. (36),
where height (G165 cm) and age (925 yr) were associated
with marked improvement. However, these variables were
among nine evaluated in a cohort of just 42 participants in the
Vicenzino et al. (36) study, which is less than the recommended 10-participants-per-predictor variable to be entered
into a regression equation (30). Therefore, height and age may
have been retained because of regression overfitting (30).
This was the first study to evaluate the influence of compliance with wearing foot orthoses on clinical outcomes in
PFPS. Intuitively, it would be expected that greater compli-
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ance would improve the likelihood of improvement. Interestingly, no association between success and compliance
was found in this study. However, it must be considered that
compliance from all participants in this study was generally
high, with 94% (50/53) of participants wearing their orthoses
60% or more of the time. This high rate of compliance may
be due to the accommodative design of orthoses used and/or
the influence of being enrolled in a research study. Further
research is required to determine whether there is a dose response to wearing foot orthoses, and if there is an optimal
wearing time to facilitate the therapeutic benefits of foot
orthoses in individuals with PFPS.
Greater chronicity (i.e., longer duration of symptoms)
was recently reported to be associated with poorer prognosis in individuals with PFPS (11). However, consistent with
previous clinical prediction rule findings (36), the duration
of symptoms was not associated with clinical outcomes in
this study. This discrepancy may be explained by methodological differences between the studies. In the current and
previous clinical prediction rule study (36), patient-perceived
clinical improvement was the primary outcome measure.
However, subjective measures of pain and function were used
as outcome measures to evaluate prognosis (11). It is possible
for individuals with greater chronicity to perceive improvements in their condition (i.e., primary outcome measure in
this study) after intervention. However, they may score poorly
on prognostic measures including subjective pain and function outcome measures if baseline levels of the same prognostic variables are poor to begin with. Baseline functional
performance levels (number of pain free step downs and single
leg rises from sitting) may have been unable to predict foot
orthoses outcomes for the same reason.
Limitations. The findings of this study need to be
considered in the context of several limitations. First, the
presence of pain during a single-leg squat is required to
assess the ability of foot orthoses to reduce it. However,
pain was not present during a single-leg squat in 12% (n = 7)
of individuals who completed this study. A solution to this
in a clinical setting and future clinical trials may be to evaluate changes in other functional performance measures in
those without single-leg squat pain. This study did not contain a control group, and therefore, the clinical prediction
rules identified are preliminary. Validation of these prediction
rules is now required in a larger randomized controlled trial
before their use can be strongly encouraged in the clinical
setting. It is possible that some individuals improved during
the 12-wk period because of natural progression, which may
have affected the results. Therefore, marked improvement
was chosen as the marker for success, because it was considered unlikely that natural progression would result in this
level of improvement, particularly in such a cohort with longterm symptoms (i.e., mean duration of symptoms 9 5 yr).
Finally, although this study evaluated a broader array of
possible predictors compared with previous clinical prediction rule studies (31,36), the list was not exhaustive of all
possible predictors. Future clinical prediction rule studies
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may benefit from the addition of dynamic foot function,
alignment and function at the hip and knee, cold sensitivity
(29), fear avoidance beliefs (26), and psychosocial factors
(8). Although gender was not identified as a predictor of
outcomes, it may still be a factor that influences other potential clinical predictors of foot orthoses efficacy in individuals
with PFPS. Evaluation of this in future studies will require
greater participant numbers from both genders to allow adequate statistical power.

CONCLUSIONS
This study identified that the combination of three of
four predictors (poor footwear motion control properties,
less usual pain, reduced pain during a single-leg squat, and

reduced ankle dorsiflexion range of motion) increased the
probability of marked improvement with foot orthoses from
25% to 78%. The preliminary clinical prediction rule identified in this study may assist clinical reasoning when considering foot orthoses prescription in individuals with PFPS.
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Australia fellow (Clinical Career Development Award, ID: 433049).
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8.2 Greater peak rearfoot eversion predicts foot orthoses
efficacy in individuals with patellofemoral pain syndrome
The observation of excessive foot pronation has traditionally formed the basis of foot
orthoses prescription in individuals with PFPS [46, 58, 127]. The first study presented
in this Chapter (see Section 8.1) was the third and most thorough attempt to identify
clinical predictors, including foot posture, of foot orthoses outcomes in individuals with
PFPS. Results highlighted the potential value of evaluating four baseline measures
when considering prefabricated foot orthoses prescription in individuals with PFPS.
These included immediate changes to functional performance, footwear motion control
properties, range of ankle dorsiflexion and baseline pain levels (see Section 8.1).
However, measures indicating excessive foot pronation (baseline measures of the FPI
and normalised navicular drop) were not associated with prefabricated foot orthoses
outcomes in individuals with PFPS (see Section 8.1).
Findings regarding foot posture in the first study presented in this Chapter (see Section
8.1) compound previous equivocal findings when evaluating the association of foot
posture with foot orthoses outcomes in individuals with PFPS [70, 134]. In
combination, these findings indicate that static foot posture assessment may provide
minimal insight into likely outcomes following foot orthoses prescription in individuals
with PFPS. Limitations of static measures to predict clinical outcome are further
highlighted by findings presented in the previous chapter. Findings from Chapter 7
indicated that foot posture was only weakly associated with immediate improvements in
functional performance following foot orthoses in individuals with PFPS (see Chapter
7, Section 7.1 [102]). Additionally, no association between foot posture and functional
performance improvements following 12 weeks of wearing foot orthoses were
identified (see Chapter 7, Section 7.3). One possible explanation for limited associations
found between foot posture and clinical outcomes in this thesis is that the FPI and
normalised navicular drop may not accurately represent dynamic foot function. This
possibility is highlighted by findings presented in Chapter 6 (see Section 6.1) indicating
that the FPI was associated with peak forefoot abduction, but not peak forefoot
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dorsiflexion or rearfoot eversion.
The second study of this chapter was designed to evaluate the value of kinematics
associated with foot pronation (rearfoot eversion, forefoot dorsiflexion and forefoot
abduction) during walking measured at baseline in predicting perceived marked
improvement following 12 weeks of wearing foot orthoses.
This manuscript has been published as follows:
Barton CJ, Menz HB, Levinger P, Webster, KE, Crossley KM. Greater peak rearfoot
eversion predicts foot orthoses efficacy in individuals with patellofemoral pain
syndrome. British Journal of Sports Medicine 2011;45:697-701.
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ABSTRACT
Objective There is growing evidence for the provision
of foot orthoses when treating individuals with patellofemoral pain syndrome (PFPS), and prescription is
frequently based on the assessment of foot posture/
function. However, evaluation of the link between abnormal foot posture/function and foot orthoses outcomes
has previously been limited to static alignment measures
and has produced inconsistent ﬁndings. In this study, the
ability of baseline foot kinematics associated with pronation to predict marked improvement 12 weeks following
foot orthoses prescription in individuals with PFPS was
evaluated.
Methods 26 individuals with PFPS were issued with
prefabricated foot orthoses, and patient-reported level
of improvement was documented at 12 weeks. Potential
predictors of marked improvement at 12 weeks were
measured during walking at baseline and included forefoot dorsiﬂexion and abduction, and rearfoot eversion.
Results Of the 25 participants who completed the
study, seven (28%) reported marked improvement with
the foot orthoses after 12 weeks. Discriminant function
analysis revealed a greater peak rearfoot eversion to
be the only signiﬁcant independent predictor of marked
improvement.
Conclusion These ﬁndings provide preliminary evidence that greater peak rearfoot eversion is predictive of
marked improvement 12 weeks following prefabricated
foot orthoses prescription in individuals with PFPS.
Therefore, foot orthoses may be most effective in the
subgroup of people with PFPS and increased dynamic
foot pronation.
There is growing evidence for the efﬁcacy of foot
orthoses prescription when treating individuals with patellofemoral pain syndrome (PFPS).1–7
Traditionally, foot orthoses have been advocated
for PFPS based on the premise that they are
needed to control excessive foot pronation.8 9
Tiberio10 provided a theoretical mechanism underpinning therapeutic foot orthoses effects in individual with PFPS, by describing how altered foot
function during gait may detrimentally affect the
patellofemoral joint (PFJ). It was proposed that
excessive or prolonged foot pronation (rearfoot
eversion) during the stance phase of gait would
result in greater tibial internal rotation. This
would in turn delay or reduce the tibial external
rotation relative to the femur required to allow
knee extension through midstance. To compensate, the hip (femur) would need to rotate internally to a greater degree, thereby also increasing
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What is already known on this topic
There is growing evidence for the prescription of
foot orthoses for individuals with patellofemoral
pain syndrome (PFPS). However, not all individuals with PFPS beneﬁt equally from foot orthoses
prescription.

What this study adds
This study has identiﬁed that individuals with
PFPS demonstrating signs of excessive rearfoot
eversion magnitude during walking are most
likely to beneﬁt from prefabricated foot orthoses
prescription.
hip adduction and dynamic Q angle.10 These tibial and femoral kinematic variations are thought
to be detrimental to the PFJ owing to the associated reduced contact area and increased lateral PFJ
compression.11
Although the majority of previous studies evaluating foot orthoses for individuals with PFPS
have used observations of excessive foot pronation as part of their inclusion criteria, 2 – 5 7 evidence linking foot structure or function to clinical
success in PFPS populations is limited. Previous
clinical prediction studies have been limited to
static assessment of posture and reported conﬂ icting ﬁ ndings relating to the association of foot
posture with foot orthoses efﬁcacy in individuals
with PFPS. Vicenzino et al12 reported that greater
foot mobility (change in arch height from nonweight-bearing to weight-bearing) was associated
with marked improvement at 12 weeks. Contrary
to this, Sutlive et al6 reported a less pronated foot
type as measured by navicular drop and calcaneal
angle was associated with greater than 50% pain
reduction at 3 weeks. Additionally, we recently
found that static foot posture as measured by the
foot posture index and normalised navicular drop
were unable to predict marked improvement in a
group of 60 individuals with PFPS following 12
weeks of wearing foot orthoses.13 Inconsistent
ﬁ ndings relating to the association between foot
posture and foot orthoses efﬁcacy in individuals
with PFPS need to be considered in the context of
one signiﬁcant methodological limitation—static
697
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posture assessments may not accurately represent dynamic
foot function. To date, no previous study has evaluated the
association between dynamic foot function and foot orthoses
efﬁcacy in individuals with PFPS.
The aim of this study was to identify kinematic predictors
of foot orthoses efﬁcacy in individuals with PFPS during walking. Speciﬁcally, the predictive value of kinematics associated
with foot pronation (rearfoot eversion, forefoot dorsiﬂexion
and forefoot abduction) measured at baseline was evaluated
for marked improvement 12 weeks following foot orthoses
prescription. It was hypothesised that a subpopulation of
PFPS individuals with signs of excessive foot pronation during
walking would be the most likely to beneﬁt from foot orthoses
prescription.

METHODS
Participants
Twenty-six individuals with PFPS (ﬁve males and 21 females)
were recruited via advertisements placed at La Trobe
University, the University of Melbourne, and in the greater
Melbourne area. This group of PFPS individuals form a subpopulation (without additional inclusion/exclusion criteria)
of a larger clinical prediction rule study. The mean (SD) age,
height, weight and usual weekly sport or recreational physical activity time were 25 (5) years, 1.69 (0.09) m, 67 (14) kg
and 320 (210) min respectively. The study was approved by La
Trobe University’s Faculty of Health Sciences Human Ethics
Committee, and each participant gave written informed consent prior to participation. Diagnosis of PFPS was based on definitions used in previous high-quality randomised controlled
trials (RCTs).1 14 Inclusion criteria were: aged 18–35 years old;
insidious onset of peripatellar or retropatellar knee pain of at
least 6 weeks’ duration; worst pain in the previous week of
at least 30 mm on a 100 mm visual analogue scale; pain provoked by at least two activities from running, walking, hoping, squatting, stair negotiation, kneeling or prolonged sitting;
pain elicited by patellar palpation, PFJ compression or resisted
isometric quadriceps contraction. Exclusion criteria were: use
of foot orthoses in the previous 5 years, physiotherapy treatment in the previous 6 months, current use of anti-inﬂ ammatory medications, concomitant injury or pain arising from the
lumbar spine or hip, knee internal derangement, knee ligament
insufﬁciency, previous knee surgery, PFJ instability or patellar
tendinopathy.

Intervention
Participants attended a single treatment (15 min) and datacollection (60 min) session. During this session, all baseline
data were collected prior to issuing each participant with a pair
of prefabricated foot orthoses. The orthoses were commercially available three-quarter-length devices with lateral cutouts (Vasyli Pro, Vasyli International), made of ethelene-vinyl
acetate of medium (Shore A 55) density, containing built-in
arch supports and 4° rearfoot varus wedging (see ﬁgure 1). No
customisation of the orthoses was performed, as the aim was
to provide the same level of support for all participants in the
absence of a scientiﬁcally validated customisation approach
for PFPS. Additionally, these foot orthoses were chosen, as
they could be ﬁtted into most participants’ footwear without
discomfort.
Participants were then instructed to wear the orthoses for
a period of 12 weeks. To assist with compliance, participants
were asked to wear suitable footwear to accommodate the
698
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Figure 1 Prefabricated foot orthoses (Vasyli Pro, Vasyli International)
issued to each participant.
orthoses whenever possible. Additionally, a diary was completed, describing when the orthoses were and were not worn
during physical activity.

Primary outcome measure
At 12 weeks following foot orthoses prescription, each participant rated the perceived improvement in symptoms using a
ﬁve-point Likert scale, consistent with previous PFPS RCTs.1 14
The ﬁve responses included markedly better, moderately better, same, moderately worse and markedly worse. The association of each kinematic variable with those who reported
marked improvement was evaluated.

Kinematic analysis
Data collection included lower-limb kinematic evaluation of
each participant’s symptomatic limb (those with unilateral
symptoms) or most symptomatic limb (in those with bilateral
symptoms) during walking. Motion analysis was collected
using a three-dimensional motion-analysis system (Vicon MX
system; Oxford Metrics, Oxford) combined with 10 cameras
(eight MX3 and two MX40) operating at a sampling frequency
of 100 Hz. Thirty-six retroreﬂective markers were placed on
speciﬁc anatomical landmarks (outlined below) to form forefoot, rearfoot, tibial, femoral and pelvic segments. Ground
reaction forces were collected using two force plates (type
9865B; Kistler, Winterthur, Switzerland; and AMTI, OR6,
Watertown, MA, USA) at a sampling frequency of 1000 Hz.
The Oxford Foot Model (OFM)15 was used to perform
kinematic evaluation of each participant during walking.
For the purpose of static calibration, plug-in gait (PIG) was
added to the model,15 and each participant’s height, weight,
inter anterior–superior–iliac–spine (ASIS) distance, ASIS
to greater trochanter distance, knee width and ankle width
were recorded. Retroreﬂective markers were placed over the
following anatomical landmarks by the same investigator
for each participant: midpoint of the sacrum between the
posterior– superior–iliac–spines, and bilaterally on the ASIS,
lateral aspect of the femur (5 cm wand), head of the ﬁbula,
tibial tuberosity, anterior border of tibia, lateral aspect of
tibia (5 cm wand), medial and lateral malleoli, three markers
bisecting the heel (distal, wand and proximal), lateral calcaneus, sustentaculum tali, base of ﬁ rst metatarsal, head of ﬁ rst
metatarsal, proximal ﬁ rst phalanx, head of ﬁ fth metatarsal
and base of ﬁ fth metatarsal (see ﬁgure 2). A relaxed standing calibration trial was then captured with knee-alignment
devices (KADs) in situ. Prior to the walking trials, the KADs
were removed and replaced with lateral femoral condyle
markers, and the anatomical markers used to deﬁ ne segment
axes were removed (medial malleoli, proximal heels and ﬁ rst
metatarsal heads).
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for their association with marked improvements following 12
weeks of wearing the foot orthoses. First, each variable was
tested for its univariate relationship using independent-samples
t tests comparing those reporting marked improvement with
those reporting moderate improvement, same, moderate worsening or marked worsening. All variables with a signiﬁcance
level of p<0.20 were retained for further discriminant analysis.
Discriminant analysis with signiﬁcance set at p<0.05 was then
completed entering each retained variable to determine which
were predictive of marked improvement at 12 weeks.

RESULTS

Figure 2 Anterior view of Oxford foot model and plug-in-gait marker
placements including the knee alignment devices (KADs) (A) and
posterior view of Oxford foot model marker placements for the static
trial (B).
Participants performed practice walking trials to allow
familiarisation with the instrumentation and environment.
Once participants felt they were comfortable, and the investigator deemed they were walking with consistent velocity,
kinematic data collection commenced. Each participant was
asked to walk at their natural comfortable speed across a
12 m walkway. Five successful trials were collected for each
participant. A trial was deemed successful when the participant’s instrumented foot landed within the borders of the
ﬁ rst force plate they traversed, which was used to identify the
commencement of the gait cycle. To ensure a natural walking
pattern, participants were not made aware of the force plates
which were hidden within the ﬂoor. Only the investigator
knew of their existence and position. Starting positions prior
to each trial were adjusted to optimise the likelihood of a successful trial.

Data analysis
Each trial was reconstructed, and the retroreﬂective markers
identiﬁed and labelled within the Vicon Nexus software. Gait
events (heel strike and toe off) were identiﬁed to allow gaitvelocity measurement using force plate data, and the OFM
model was applied to the captured markers. Data were then
exported to a purposely developed Excel template for analysis.
Variables of interest included magnitude and timing of peak
angles and ranges of motion during stance for:
(i) forefoot relative to rearfoot: dorsiﬂexion (sagittal plane)
and abduction (transverse plane) deﬁ ned by the OFM;15
(ii) rearfoot relative to the laboratory: eversion (frontal
plane) deﬁ ned by the OFM;15
(iii) rearfoot relative to tibia: eversion (frontal plane) deﬁ ned
by the OFM.15
Additionally, gait velocity was compared between those with
marked improvement and those with moderate improvement,
no change, moderate worsening or marked worsening.

Statistical analysis
Statistical analysis was performed using SPSS Version 17.0.
Prior to statistical analysis, all variables were assessed for normality and found to be normally distributed based on graphical observation and a skewness statistic of between –1.0 and
+1.0. Gait velocity and each kinematic variable were evaluated
Br J Sports Med 2011;45:697–701. doi:10.1136/bjsm.2010.077644
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Twenty-ﬁve of the 26 participants enrolled completed the study
at 12 weeks. The one drop-out was unable to be contacted at 12
weeks. Participants who completed the study wore their foot
orthoses for 81%±17 of their physical activity performed during
the study period. A total of seven (28%) participants reported
that they were markedly better after 12 weeks of wearing the
foot orthoses. There was no difference (p=0.998) in gait velocity between those with marked improvement (1.36±0.13 m/s)
and those with moderate improvement, no change, moderate
worsening and marked worsening (1.36±0.14 m/s).
Univariate analysis comparing those with marked improvement with those with moderate improvement, no change,
moderate worsening and marked worsening for peak angles,
timing of peak angles and ranges of motion for each kinematic
variable evaluated can be found in table 1. Greater peak rearfoot eversion relative to the laboratory (p=0.045) was the only
variable retained for discriminant analyses (p<0.20). No univariate associations were found for either timing of peak angles
or ranges of motion for any of the kinematic variables evaluated. Discriminant analysis revealed that greater rearfoot eversion relative to the laboratory was independently predictive of
marked improvement at 12 weeks (p=0.045), producing a standardised canonical discriminant function coefﬁcient of 0.975.

DISCUSSION
Despite growing evidence that foot orthoses are an effective
intervention for PFPS,1–7 their longstanding theoretical biomechanical rationale10 lacks validation from empirical evidence.
Foot orthoses are often recommended for individuals with PFPS
possessing excessive foot pronation.10 However, previous clinical prediction rule studies6 12 have reported inconsistent links
between static foot posture measures and clinical outcomes
following foot orthoses prescription. The current study is the
ﬁ rst to evaluate the association between baseline dynamic foot
function during walking and clinical outcomes following foot
orthoses prescription in individuals with PFPS. Importantly,
ﬁ ndings show that a subpopulation with greater peak rearfoot
eversion is likely to beneﬁt from the provision of prefabricated
foot orthoses, while those with normal foot function may not.
We previously found that static foot posture was unable
to predict clinical outcomes following 12 weeks of wearing
prefabricated foot orthoses in 60 individuals with PFPS.13
However, in the current study, which used a subpopulation of
the same 60 individuals, we found that greater baseline peak
rearfoot eversion was able to predict marked improvement following 12 weeks. In doing so, this study’s ﬁ ndings support
the traditional theoretical rationale behind foot orthoses prescription for individuals with PFPS.10 Additionally, this ﬁ nding implies that evaluating foot function dynamically may be
more valid than using static foot posture measures when considering foot orthoses prescription for individuals with PFPS.
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Table 1 Univariate comparisons for magnitude (°) and timing (percentage gait of cycle) of peak angles
and ranges of motion (°) during stance, deﬁning clinical improvement as markedly better.
Variable

Markedly better
(SD) (n=7)

Forefoot relative to rearfoot motion dorsiﬂexion
Magnitude of peak
14.1 (5.2)
Timing of peak
51.8 (2.6)
Range of motion
7.9 (0.9)
Forefoot relative to rearfoot motion abduction
Magnitude of peak
3.0 (7.5)
Timing of peak
39.2 (8.8)
Range of motion
7.3 (2.5)
Rearfoot relative laboratory eversion
Magnitude of peak
−5.4 (2.1)
Timing of peak
29.6 (6.6)
Range of motion
5.2 (1.2)
Rearfoot relative to tibia eversion
Magnitude of peak
−8.7 (3.1)
Timing of peak
34.4 (4.2)
Range of motion
9.0 (1.7)

Moderately better, same,
moderately worse or
markedly worse (SD) n=18

Mean difference
(95% CI)

p Value

11.3 (5.1)
51.0 (2.5)
7.9 (2.5)

2.8 (−1.9 to 7.5)
0.8 (−1.5 to 3.1)
0.0 (−1.4 to 1.4)

0.230
0.489
0.987

−0.8 (7.4)
41.2 (11.6)
7.5 (2.6)

3.8 (−3.0 to 10.7)
−2.0 (−12.1 to 8.1)
−0.2 (−2.6 to 2.2)

0.262
0.681
0.856

−3.1 (2.5)
32.0 (6.0)
6.0 (1.8)

−2.3 (−4.5 to −0.1)†
−2.4 (−8.0 to 3.4)
−0.8 (−2.3 to 0.8)

0.045*
0.406
0.313

−7.6 (3.0)
32.3 (6.5)
9.5 (3.1)

−1.1 (−4.0 to 1.7)
2.1 (−3.5 to 7.6)
−0.5 (−3.1 to 2.1)

0.412
0.444
0.676

†Retained for discriminant analysis.
*p<0.05.

Previous studies evaluating rearfoot eversion in individuals with PFPS have consistently measured rearfoot motion
relative to the tibia.16 –18 The current study evaluated rearfoot motion relative to both the tibia and laboratory (ﬂoor).
Interestingly, only rearfoot eversion relative to the laboratory was able to predict a marked improvement at 12 weeks.
A likely explanation for the discrepancy between the two
methods of rearfoot motion evaluation may be the presence
of joint coupling between the rearfoot and tibia, where the
tibia is forced into adduction by the everting rearfoot. In the
presence of such a coupling relationship, differences in rearfoot eversion relative to the tibia may not be detected despite
the presence of greater rearfoot eversion relative to the laboratory. Therefore, measuring rearfoot eversion motion relative to the laboratory (ﬂoor) may be more appropriate than
measuring relative to the tibia in future research and clinical practice if the goal is to predict outcomes following foot
orthoses prescription.
Baseline forefoot kinematics were not found to be associated with marked improvement following prefabricated foot
orthoses prescription in the current study. This could imply
that evaluating baseline forefoot motion may not assist in
determining the likelihood of improvement when prescribing
prefabricated foot orthoses prescription to individuals with
PFPS. However, it must be considered that the foot orthoses
used in this study were not individualised, and while they
contained rearfoot varus wedging (4°), they did not contain
any intrinsic forefoot wedging. Therefore, they may not have
been appropriate to correct the presence of any abnormal forefoot motion which might contribute to PFPS development.
Additional research is needed to determine if baseline lowerlimb kinematics including forefoot motion are predictive of
clinical outcomes when using different foot orthoses prescription approaches such as forefoot posting.

factors behind efﬁcacy, additional evaluation of the association between kinematic changes produced by foot orthoses
and clinical outcomes in the future may be of value. Second,
owing to the relatively small sample size (n=26), only seven
participants reported a marked improvement at 12 weeks.
Therefore, it is possible that a larger number of predictors may
be identiﬁed using a larger sample size. Third, this study did
not contain a control group. Therefore, further validation of
baseline peak rearfoot eversion as a predictor of foot orthoses
outcomes in individuals with PFPS requires conﬁ rmation in a
larger RCT. Finally, the subpopulation with marked improvement in this study was identiﬁed using a three-dimensional
marker based analysis. Therefore, directly applying ﬁ ndings to
a clinical setting may not be possible. Clinical application may
be improved by the development of valid and reliable clinical foot function tests able to identify individuals with excessive rearfoot eversion. Until this is completed, sports medicine
practitioners may choose to rely on clinical observation to
determine the presence of excessive rearfoot eversion before
prescribing prefabricated foot orthoses.

CONCLUSION
This study is the ﬁ rst to evaluate the association between foot
or lower-limb kinematic assessment and clinical outcomes
with foot orthoses in individuals with PFPS. Results provide
preliminary evidence that measuring dynamic foot function
(peak rearfoot eversion) predicted prefabricated foot orthoses
efﬁcacy in individuals with PFPS. Therefore, foot orthoses
may be most effective in the subgroup of people with PFPS
and increased dynamic foot pronation.
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CHAPTER 9

Discussion and conclusions
9.1 Summary of findings

9.1.1 Original hypotheses accepted or rejected (see Chapter 1,
Section 1.3)



Individuals with PFPS will possess a more pronated foot posture than a healthy
control population (see Chapter 4)



Individuals with PFPS will possess greater magnitudes of foot pronation during
gait than a healthy control population (see Chapter 2 and 5)



Foot orthoses significantly reduce pain and improve function in individuals with
PFPS (see Chapter 2 and 7)



Foot orthoses will be able to significantly improve objective functional
performance measures in individuals with PFPS (see Chapter 7)



A more pronated foot posture in individuals with PFPS will be associated with a
greater likelihood of clinical improvements following prefabricated foot
orthoses intervention (see Chapter 8)
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Greater dynamic pronation during gait in individuals with PFPS will be
associated with a greater likelihood of clinical improvements following
prefabricated foot orthoses intervention (see Chapter 8)



Dynamic foot function during gait will be more predictive of clinical outcomes
than static foot posture measurement when prescribing prefabricated foot
orthoses to individuals with PFPS (see Chapter 8)



Factors other than foot posture and function assessment will be predictive of
clinical improvements following prefabricated foot orthoses prescription to
individuals with PFPS including: (i) immediate improvements to functional
performance; and (ii) poorer quality footwear (i.e. footwear in which motion
control properties can be improved to a greater extent) (see Chapter 8)

9.1.2 Foot posture and function associated with PFPS
The theoretical rationale for foot orthoses prescription in individuals with PFPS is based
on the hypothesised existence of excessive foot pronation [46, 58]. Three papers were
presented in this thesis which evaluated the validity of this rationale, including: (i) a
systematic review of kinematic gait characteristics associated with PFPS (Chapter 3,
Section 3.1) [61]; (ii) a case-control study evaluating foot posture (Chapter 4) [71]; and
(iii) a case-control study evaluating kinematics during walking (Chapter 5) (see Section
5.1).

Results from the foot posture case-control study presented in Chapter 4 indicate that
individuals with PFPS may possess a more pronated foot type and greater mobility of
the foot between STJN and relaxed stance [71]. However, findings from the systematic
review (Chapter 2, Section 2.1) [61] and case-control study (Chapter 5) (see Section
5.1) evaluating kinematics failed to identify the presence of greater magnitude in foot
pronation during walking or running in individuals with PFPS. The difference in
findings between static and dynamic studies may be explained by the modest
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Another common variable related to foot pronation evaluated in previous kinematic
case-control studies has been the timing of peak rearfoot everison [61]. Delayed peak
rearfoot eversion was reported in previous PFPS case-control studies evaluating
kinematics during walking [64, 65] and running [62]. However, the case-control study
presented in Chapter 5 (see Section 5.1) found the PFPS cohort from this thesis to
possess significantly earlier peak rearfoot eversion during walking. One possible
explanation for this may be the significant influence of gait velocity on peak rearfoot
eversion timing identified in Chapter 5 (Section 5.2). Gait velocity was not accounted
for during statistical analysis in previous case-control studies evaluating walking
kinematics [64, 65]. Therefore earlier peak rearfoot eversion in the PFPS groups from
these studies [64, 65] may have resulted due to slower gait velocity. This is supported
by additional analysis in Chapter 5 (Section 5.2) indicating that reduced gait velocity is
associated with delayed peak rearfoot eversion during walking. Additionally, the large
variation in the timing of peak rearfoot eversion during walking amongst individuals
with PFPS identified in Chapter 5 (see Section 5.1) may have resulted in equivocal
findings between studies.

9.1.3 Efficacy of prefabricated foot orthoses for individuals with
patellofemoral pain syndrome
In Chapter 2 (Section 2.3) [60], level I evidence for the prescription of prefabricated
foot orthoses customised to enhance comfort was established. Specifically, Collins et al
[56] reported a significantly greater number of participants in a group receiving
prefabricated foot orthoses were improved at six weeks compared to a control group
(flat inserts). The systematic review [60] also identified another RCT [129] supporting
foot orthoses prescription for individuals with PFPS. However this was of lower quality
and did not contain adequate data to complete effect size calculations [60]. Despite this,
the authors reported significantly greater pain reductions during functional activities in a
group of adolescent females receiving exercise rehabilitation and prefabricated foot

193

orthoses posted to STJ compared to exercise rehabilitation alone [129].
A number of lower quality case series studies [70, 128, 131, 132] reporting significant
benefits of various foot orthoses prescription approaches in individuals with PFPS were
also identified in the systematic review [60]. Additionally, the papers presented in
Chapter 7 (Sections 7.1 and 7.2) [102, 126] found that unmodified prefabricated foot
orthoses were able to significantly improve functional performance, reduce average and
worst pain, and improve scores on the AKPS and LEFS over a 12 week period. These
case series findings [70, 102, 126, 128, 131, 132] combined with previous RCT findings
[56, 129] indicates there is good evidence for the provision of foot orthoses when
treating individuals with PFPS. Identifying those most likely to benefit from foot
orthoses in future clinical trials may lead to even greater efficacy, especially when
compared to alternative interventions such as physiotherapy. Additionally, without
direct comparison between the various foot orthoses prescription approaches previously
used [56, 70, 102, 126, 128, 129, 131, 132] the most effective prescription approach
remains unclear.

9.1.4 Predicting foot orthoses outcomes in individuals with PFPS
The clinical prediction rule study completed in Chapter 8 (see Section 8.1) was the third
and most comprehensive evaluation of factors associated with prefabricated foot
orthoses outcomes in individuals with PFPS. Baseline variables evaluated included
patient demographics, pain characteristics, footwear characteristics, foot and ankle
characteristics, and immediate changes to functional performance and footwear comfort
with foot orthoses. Importantly, the study revealed a cluster of four variables which may
assist in identifying individuals with PFPS most likely to benefit from prefabricated foot
orthoses prescription. Specifically, the likelihood of marked improvement following 12
weeks increased from 25 to 78% if any three of the following four criteria were
satisfied: footwear motion control properties score (weighted mean) less than 5.0, usual
pain less than 22.0 mm, ankle dorsiflexion range of motion (knee flexed) less than
41.3º, and immediate reduction in pain during a single squat when wearing the foot
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orthoses.
The majority of previous studies [128-132] evaluating foot orthoses efficacy in
individuals with PFPS used some measure of excessive foot pronation as an inclusion
criteria [60]. However, previous evidence to support the belief that excessive pronators
are most likely to benefit from foot orthoses prescription has been both limited and
inconsistent [70, 103]. Additionally, there has previously been a lack of consensus on
how best to evaluate foot pronation in individuals with PFPS [60, 71]. In Chapter 4
[71], the FPI and normalised navicular drop were found to be the most reliable clinical
measures able to distinguish between those with and without PFPS. However, in
Chapter 7 it was identified these measures were only weakly related to immediate
changes (Section 7.2) [102] and unrelated to intermediate (12 weeks) [126] changes to
functional performance following prefabricated foot orthoses provision. Additionally,
Chapter 8 (see Section 8.1) found that the FPI and normalised navicular drop were
unable to predict those with marked improvement 12 weeks following prefabricated
foot orthoses provision in a group of 60 individuals with PFPS. When considered
together with previous clinical prediction rule findings [70, 103], it would appear that
evaluating static foot posture may provide limited insight into the efficacy of
prefabricated foot orthoses when treating an individual with PFPS. However, findings
from Chapter 8 [136] indicate that dynamic evaluation may assist clinical decisions
when determining the appropriateness prescribing prefabricated foot orthoses to
individuals with PFPS. Specifically, greater peak rearfoot eversion during walking was
predictive of marked improvement at 12 weeks in a cohort of 26 individuals with PFPS.
Studies from this thesis were the first to evaluate the influence of footwear on foot
orthoses outcomes in individuals with PFPS. Each of the three studies which evaluated
the influence of footwear indicated that lower motion control properties were associated
with greater improvement. Most importantly, findings from Chapter 8 (see Section 8.1)
indicated that identifying individuals who wore less supportive footwear significantly
increased the likelihood of marked improvement following foot orthoses prescription.
Specifically, 40% of PFPS individuals with a weighted mean score of less than 5.0 on
the motion control properties scale reported marked improvement 12 weeks following
foot orthoses prescription compared to the pre-test frequency of 25%. These findings
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highlight the importance of footwear assessment when considering foot orthoses
prescription for individuals with PFPS. Additionally, they indicate that the prefabricated
foot orthoses used in this thesis may at least partially derive their therapeutic benefits
via an increase in footwear support.
Findings from the clinical prediction rule study presented in Chapter 8 [136] indicated
that the strongest predictor of marked improvement 12 weeks following prefabricated
foot orthoses prescription was an immediate reduction in pain during a single leg squat.
Specifically, this variable increased the probability of marked improvement from 25 to
45%, producing an odds ratio value of 3.0 (CI = 1.8 to 4.9). This finding indicates that
functional performance assessment may play an important role in determining the
efficacy of foot orthoses for individuals with PFPS.
In Chapter 8 (see Section 8.1), the presence of mild pain (i.e. usual pain less than 22.0
mm) was found to be a predictor of marked improvement following 12 weeks of
wearing foot orthoses. This finding is consistent with the clinical prediction rule
reported by Vicenzino et al [134] which indicated that lower levels of baseline worst
pain reported were associated with marked improvement at the same time point.
Considered together, these findings indicate that prefabricated foot orthoses as a stand
alone treatment may be unlikely to provide a strong therapeutic benefit to individuals
with PFPS reporting more severe pain.
Chapter 8 (see Section 8.1) also identified that restricted sagittal plane motion at the
ankle was predictive of outcomes 12 weeks following foot orthoses prescription.
Although this was the weakest of the four predictors included in the clinical prediction
rule (see Section 8.1), it does highlight the importance of evaluating sagittal plane foot
and ankle characteristics when considering foot orthoses provision. It is possible that the
small heel lift provided by the three quarter length design of the orthoses used in this
thesis may provide an important compensation to those with restricted ankle
dorsiflexion.
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9.2 Clinical implications

9.2.1 Selecting assessment tools to evaluate foot pronation
In Chapter 4, the FPI and normalised navicular drop were identified to be the most
reliable foot posture measures able to distinguish between those with and without PFPS
[71]. Additional prospective evaluation is needed to determine if a more pronated foot
type as measured by the FPI or greater normalised navicular drop magnitude has a
causal relationship with PFPS [71]. However, considering the case-control findings,
clinicians may consider the use of these measures as possible screening tools to identify
individuals at risk of developing PFPS.
Neither the FPI nor the normalised navicular drop was able to predict prefabricated foot
orthoses outcomes in Chapter 8 (see Section 8.1). Therefore, the use of FPI and
normalised navicular drop to assist clinical decisions regarding foot orthoses in
individuals with PFPS may be limited. Additionally, the FPI was associated with peak
forefoot abduction but not peak forefoot dorsiflexion or rearfoot eversion in individuals
with PFPS (Chapter 6) (see Section 6.1). Considering greater peak rearfoot eversion
during walking was predictive of marked improvement 12 weeks following
prefabricated foot orthoses provision, dynamic foot pronation assessment may be more
appropriate than static assessment when considering foot orthoses prescription for
individuals with PFPS. There is currently an absence of available valid and reliable
clinically applicable measures of dynamic foot pronation. Therefore, based on available
evidence at this time, clinicians may consider the use of more subjective visual
observation to identify excessive rearfoot eversion when considering foot orthoses
prescription for individuals with PFPS. However, whether such a technique is a valid
indicator of foot kinematics requires further evaluation, as previous research has
indicated low levels of agreement between clinicians when assessing video recordings
of rear foot motion during treadmill walking [137].
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9.2.2 The efficacy of prefabricated foot orthoses for individuals
with patellofemoral pain syndrome
Clinicians can provide foot orthoses to individuals with PFPS with confidence
considering the growing evidence to support their use, including the establishment of
level I evidence in Chapter 2 (Section 2.3) [60]. However, there is a paucity of research
which has compared the various prescription options available to clinicians (e.g. custom
fabricated compared to prefabricated) [60]. Until various prescription methods such as
prefabrication and custom fabrication are adequately compared using high quality
randomised controlled trials, prescription decisions should be made at the discretion of
both the clinician and patient.

9.2.3 Functional performance assessment
The importance of functional performance testing in individuals with PFPS is
highlighted in the first study of Chapter 7 (Section 7.1) [102]. Specifically, this study
found that the majority of individuals with PFPS possessed function limitations during
simple clinical tests. In addition to this, the clinical prediction rule study presented in
Chapter 8 (see Section 8.1) indicated that improvement in pain during the simplest of
these tests, the single leg squat, was predictive of marked improvement 12 weeks
following prefabricated foot orthoses prescription (see Section 8.1). The clinical
implications of this are two-fold. First, evaluating the presence or absence of
improvement in pain during a single leg squat may be used to determine the
appropriateness of prefabricated foot orthoses prescription. Second, customising and
modifying foot orthoses to reduce pain during the completion of a single leg squat in
individuals with PFPS may enhance their efficacy.
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9.2.4 Footwear assessment
When providing individuals with prefabricated foot orthoses, less supportive footwear
was found to be associated with greater functional performance improvement and to
predictive of reported marked improvement at 12 weeks (see Chapters 7 and 8).
Combined, these findings highlight the importance of evaluating footwear in a clinical
setting when considering foot orthoses prescription for individuals with PFPS.
Providing prefabricated foot orthoses may be effective due to compensation for less
supportive footwear in individuals with PFPS. This may be particularly important for
individuals who cannot afford to, or do not wish to change to more supportive footwear.
However, an additional consideration for the clinician is that encouraging the use of
more supportive footwear may provide equal or greater benefits compared to foot
orthoses prescription. Future research may consider evaluating the efficacy of
improving footwear support with and without the addition of foot orthoses prescription.

9.2.5 Establishing baseline pain
One of the predictor variables from the clinical prediction rule in Chapter 8 (see Section
8.1) was the presence of only mild pain (i.e. usual pain less than 22 mm on a 100 mm
VAS). This finding was consistent with the clinical prediction rule reported by
Vicenzino et al [134], who reported lower baseline worst pain to be predictive of
marked improvement at 12 weeks. Combined together, these findings indicate that
prefabricated foot orthoses as a stand alone treatment may only be appropriate for PFPS
individuals with mild baseline pain levels. Outcomes may be optimised in individuals
with more severe pain through additional foot orthoses customisation or the addition of
other interventions such as exercise prescription and PFJ taping.
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9.2.6 Evaluation of ankle dorsiflexion

The inclusion of limited weight-bearing ankle dorsiflexion in the clinical prediction rule
presented in Chapter 8 (see Section 8.1) highlights the importance of not solely
focussing on measurements of foot pronation when considering foot orthoses
prescription for individuals with PFPS. In fact this was the only foot and ankle
characteristic found to be predictive of marked improvement 12 weeks following the
provision of unmodified prefabricated foot orthoses. Due to the three quarter length
design of the orthoses used in the clinical prediction rule study, it is possible that the
slight heel lift may at least partially be responsible for the inclusion of limited ankle
dorsiflexion in the clinical prediction rule (see Section 8.1). As a result of this
possibility, a clinician may consider including a slight heel lift in their foot orthoses
prescription when providing them to PFPS individuals with limited weight-bearing
ankle dorsiflexion range. The likely efficacy of this could then be further tested by the
clinician through evaluation of changes to pain when completing a single leg squat with
the added heel lift.

9.2.7 Application of the clinical prediction rule
A three step process is recommended for the development of a clinical prediction rule
prior to wide spread clinical application [133]. These steps include ‘derivation,’
‘validation’ and ‘impact analysis’ [133]. Only the first of these three steps (derivation)
involved in the development of a clinical prediction rule was completed in this thesis.
Therefore it can only be considered preliminary. Until additional validation is
completed, the application of the clinical prediction rule in its current form cannot be
strongly recommended clinically. However, as discussed above, each of the four
variables contained within the clinical prediction rule should be considered when
determining the likely success of foot orthoses prescription for individuals with PFPS in
a clinical setting.
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9.3 Limitations and indications for further research

9.3.1 Retrospective nature of case-control research
The gold standard methodological approach to determining risk factors for a particular
condition is the completion of a long term (≥ 12 months) follow up. This requires the
recruitment of a large number of participants without the condition (e.g. no signs of
PFPS) who are evaluated at baseline and then followed to identify who develops the
condition and who does not. Multivariate statistical approaches such as the completion
of a linear logistic regression model can then be used to determine baseline risk factors
[138]. Evidence from the systematic review evaluating gait related kinematic factors
associated with PFPS was limited to retrospective case-control studies, with the only
prospective study containing inadequate data to complete effect size calculations [61].
Additionally, evaluation of both kinematics and foot posture associated with PFPS
completed as part of this thesis was limited to case-control study designs. As a result it
is difficult to draw conclusions regarding cause and effect from these studies.
Prospective evaluation of foot posture and kinematics associated with PFPS
development is needed to adequately determine the association of foot pronation with
PFPS development.

9.3.2 Foot orthoses prescription method
Unmodified prefabricated Vasyli Pro foot orthoses were provided to individuals with
PFPS participating in studies related to this thesis. The specific brand of orthoses
(Vasyli International) were chosen due their previously established level I evidence
[60]. Prescription without customisation allowed costs associated with the research to
be minimised [99]. Regardless of this rationale, the prescription of prefabricated foot
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orthoses in this thesis may not accurately represent common clinical practice. It has
been reported that 72% of Australian and New Zealand podiatrists prescribe custom
fabricated foot orthoses as their first preference, while only 12% primarily prescribe
prefabricated foot orthoses [100]. Despite this report, there is currently no evidence to
support the use of custom fabricated foot orthoses in favour of prefabricated in
individuals with PFPS [60]. Additional research comparing the efficacy of various
prescription approaches is needed.

9.3.3 Absence of a control group when evaluating foot orthoses
efficacy
Level I evidence for the efficacy of prefabricated foot orthoses was identified in Chapter
3 (Section 3.3) [60]. Therefore, the main study in this thesis involved evaluation of a
single cohort in an attempt to develop a clinical prediction rule for identifying factors
associated with efficacy. Using a single cohort allowed a maximal number of
participants to be included, optimising statistical power for the clinical prediction rule
analysis. The key limitation of this approach is that in the absence of a control group,
we cannot delineate treatment effects in Chapters 7 and 8 from non-specific effects (i.e.
Hawthorne and placebo). Additional evaluation of functional performance measures
evaluated in Chapter 7 and the predictors identified in Chapter 8 in a randomised
controlled trial involving a foot orthoses and control group is recommended.

9.3.4 Significance of functional performance improvements
Although Chapter 7 indicated that unmodified prefabricated foot orthoses may provide
immediate [102] and intermediate (12 weeks) [126] functional performance
improvements to individuals with PFPS, limitations must be acknowledged. Firstly, as
mentioned above, the studies in Chapter 7 did not contain a control group or control
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condition. Therefore, improvements may have been influenced by the Hawthorne effect
(immediate evaluation) [102] or natural progression (intermediate evaluation) [7.3].
Further research evaluating functional performance changes following foot orthoses
prescription compared to a control group and/or condition is needed.
Previously reported links between reduced functional performance in the presence of
knee pain and the development of knee osteoarthritis [19] was one of the primary
reasons the effects of foot orthoses on functional performance in individuals with PFPS
were evaluated. However, the implications of improvements to functional performance
produced by the foot orthoses on the risk of osteoarthritis development in individuals
with PFPS were not evaluated in this thesis. Further research is needed to establish if
optimising functional performance through foot orthoses prescription reduces the
incidence of osteoarthritis development after a long term (≥ 12 months) follow up. This
should include comparison with a control group or intervention.

9.3.5 Preliminary nature of the clinical prediction rule developed
As discussed in Section 9.2.7, the clinical prediction rule developed in Chapter 8 (see
Section 8.1) can only be considered preliminary. Therefore, validation of the established
prediction rule is now required through the completion of a larger randomised
controlled trial before its use can be strongly encouraged in the clinical setting. Until
this process is completed caution is needed when considering the applicability of the
clinical prediction rule.
Although the clinical prediction rule study presented in Chapter 8 (see Section 8.1)
evaluated a broad array of baseline characteristics, the list was not exhaustive of all
possible predictors. Future clinical prediction rule studies should consider the addition
of dynamic foot function (e.g. peak rearfoot eversion), alignment and function at the hip
and knee, cold sensitivity [139], fear avoidance beliefs [140] and psychosocial factors
[141]. The addition of these additional variables in future clinical prediction rule studies
will require far greater participant numbers than evaluated in this thesis to guard against
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regression over fitting [135].

9.3.6 Peak rearfoot eversion evaluation
In Chapter 8 [136], greater peak rearfoot eversion relative to the laboratory during
walking was identified as a predictor of marked improvement at 12 weeks following
prefabricated foot orthoses prescription in individuals with PFPS. However, this finding
was based on three dimensional laboratory based gait analysis, an evaluation method
which is time consuming, expensive and not readily available in a clinical setting.
Therefore, despite providing evidence to support the theoretical rationale underpinning
foot orthoses prescription for individuals with PFPS, direct clinical application of this
finding is not possible. The development of valid and reliable clinical foot function tests
and subsequent evaluation of their predictive value for foot orthoses outcomes in
individuals with PFPS is needed.

9.3.7 Mechanistic effect behind efficacy for foot orthoses in
individuals with patellofemoral pain syndrome
A number of baseline variables were identified to be predictive of marked improvement
12 weeks following prefabricated foot orthoses provision in Chapter 8. It is possible that
some of these variables may be related to the mechanistic effects behind foot orthoses
efficacy in individuals with PFPS. In particular, greater peak rearfoot eversion was
found to be predictive of marked improvement 12 weeks following prefabricated foot
orthoses prescription [136]. This is a kinematic variable which has been theoretically
linked to PFPS development [46]. However, the methodological design of the studies
presented in Chapter 8 does not allow any mechanical effects of foot orthoses efficacy
in individuals with PFPS to be confirmed. For example, it remains unclear whether foot
orthoses were effective in the same individuals with excessive rearfoot eversion, due to
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a reduction in this motion. To address this, future studies should consider evaluating
peak rearfoot eversion in PFPS individuals before and after the implementation of foot
orthoses. This will enable the influence of reducing peak rearfoot eversion with foot
orthoses on clinical outcomes to be established. Additionally, the influence of foot
orthoses on other factors linked to PFPS pathology should be considered, including
neuromuscular control of the vasti [12, 27-30] and gluteal [36, 37] musculature; and hip
adduction [38, 39] and internal rotation [6, 35, 40, 41] kinematics.

9.3.8 Evaluating males and females as a single cohort
In the current thesis, data collected from male and female participants were collapsed
for each study presented. The primary reason for this was that an inadequate number of
participants from each sex were recruited to allow valid separation during statistical
analysis. However, it is conceivable that different findings may have been produced
between separate male and female cohorts in a number of the studies presented. There is
limited evidence that compared to males, females possess greater knee valgus
(quadriceps angle) alignment [142], as well as demonstrate greater dynamic hip
adduction, hip internal rotation and apparent knee valgus during gait [143]. These
differences may potentially lead to variation in the structural and functional
characteristics associated with PFPS between the sexes. Additionally, the same gender
differences may result in varied predictive factors associated with improvement
following foot orthoses prescription. Future studies evaluating factors associated with
PFPS, and predictors of foot orthoses outcomes should consider recruiting larger
participant numbers to allow separate analysis for both males and females.

205

9.4 Conclusion
This thesis was completed with the intention of evaluating the efficacy of foot orthoses
for individuals with PFPS. Results from the systematic reviews and original research
completed indicate that:

(i)

Individuals with PFPS may possess a more pronated foot posture and greater
foot mobility from a position of STJN to relaxed stance.

(ii)

Individuals with PFPS do not demonstrate signs of excessive pronation
during walking.

(iii)

Level I evidence for the prescription of prefabricated foot orthoses to
individuals with PFPS exists.

(iv)

Unmodified prefabricated foot orthoses may significantly improve functional
performance in individuals immediately and intermediately (12 weeks)
following provision.

(v)

A preliminary clinical prediction rule to identify PFPS individuals most
likely to report marked improvement at 12 weeks was developed.
Specifically, this entailed the fulfilment of three of the following four
clinically applicable findings: reduced pain during the completion of a single
leg squat; the presence of mild pain at baseline; the use of less supportive
footwear; and limited weight-bearing ankle dorsiflexion range of motion.

(vi)

Greater peak rearfoot eversion during walking may be predictive of patient
reported marked improvement 12 weeks following the provision of
unmodified prefabricated foot orthoses.
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Dear Christian,
Re: The effect of prefabricated foot orthoses on pain and function in individuals with
patellofemoral pain syndrome
Thank you for submitting the above trial for inclusion in the Australian New Zealand
Clinical Trials Registry (ANZCTR).
Your trial has now been successfully registered and allocated the ACTRN:
ACTRN12610000391077
Web address of your trial:
http://www.ANZCTR.org.au/ACTRN12610000391077.aspx
Date submitted: 23/02/2010 1:05:52 PM
Date registered: 14/05/2010 11:08:06 AM
Registered by: Christian Barton
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Consent Form
This study is being conducted by researchers at LaTrobe University’s Musculoskeletal
Research Centre. The principal investigator (Christian Barton) may be contacted on (03)
9479 5282 or 0417 593 112, or via email at cjbarton@students.latrobe.edu.au, or
alternatively

you

may

contact

Dr

Kate

Webster

on

9479

5796

or

k.webster@latrobe.edu.au
The purpose of the research has been explained to me, including potential adverse
effects. I have read and understood the information sheet given to me. I have been given
the opportunity to ask any questions and received satisfactory answers.
I understand any information or personal details gathered during this research project
are confidential and neither my name nor any other identifying information will be used
or published without my written permission.
I understand that I am free to withdraw my participation in the research at any time, and
that if I do I will not be subjected to any penalty or discriminatory treatment.
The Faculty of Human Ethics committee has approved this study.
I understand that if I have any complaints or concerns about this research I can contact:
Secretary
Faculty of Human Ethics Committee
Level 2, Health Sciences Building 1
La Trobe University, Bundoora, 3086
Phone: (03) 9479 3573
Email: n.humphries@latrobe.edu.au
Name

………………………………………………..

Signature

………………………………………………..

Date

/

/
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Participant Information sheet
Project Title:

PATELLOFEMORAL PAIN SYNDROME: THE EFFCTS OF
FOOT ANTI-PRONATION TAPING ON PAIN AND
KINEMATICS

Investigators:

Mr Christian Barton, Dr Kate Webster, Associate Professor
Hylton Menz, Musculoskeletal Research Centre, La Trobe
University; Mr Daniel Bonanno: Department of Podiatry, La
Trobe University

You have been invited to participate in a project being conducted by researchers from
LaTrobe University, Bundoora. The project will be headed by Mr Christian Barton who
is a PhD student at LaTrobe University’s Musculoskeletal Research Centre (MRC). The
project will be assisted by Mr Daniel Bonanno, and supervised by Dr Kate Webster, and
Dr Hylton Menz. Christian may be contacted on (03) 9479 5282 or 0417 593 112, or via
email at cjbarton@students.latrobe.edu.au, or alternatively you may contact Dr Kate
Webster on 9479 5796 or k.webster@latrobe.edu.au
What is this study about?
Anterior knee pain is one of the most common presentations of to sports medicine and
orthopaedic clinics. As a result of pain, people often experience great difficulty running,
squatting, going up and down stairs, kneeling, walking, and/or even sitting for sustained
periods of time. The cause of this pain is multifactorial. Dysfunction of joints and
muscles not only at the knee, but also the foot are often considered as contributing
factors. This study will investigate the difference in foot types in those with and without
pain.
What participants are required?
People aged between 18 and 35 years old who complain of pain at the front of their
knees which is around or under their knee caps, and have no history of surgery to their
lower back, legs or foot, or have any other pain or injuries. You will be assessed by a
physiotherapist to ensure you meet these requirements. To be included, participants
must experience pain during at least two of the following tasks; walking, running,
ascending/descending stairs, squatting, kneeling, or prolonged sitting. Participants who
are currently, or have been pregnant in the previous six months are ineligible to
participate. If you have had any steroidal injections within the previous six months you
will also be considered ineligible to participate.
What do I have to do if I decide to participate?
Participation will first require you to attend two testing sessions one week apart, both
taking approximately 90 minutes.
Session 1 (approximately 90 minutes): This will be a screening session conducted by a
qualified physiotherapist to ensure you meet the eligibility criteria for participation.
This will be conducted at La Trobe University’s Bundoora Campus on level 1 of the
Health Sciences 3 building in the gait laboratory. Firstly you will be required to answer

234

a number of questions and fill in a questionnaire. You will then be asked to stand on a
wooden platform in bare feet whilst three separate testers take a range of foot
measurements independently. If you feel uncomfortable at any stage you are encouraged
to take a rest, or withdraw from the study at any stage you feel necessary. Nonpermanent pen marks will be place on the feet to assist measurements. These marks will
be removed upon completion of the measurements.
Session 2 (approximately 90 minutes)
The same process will take place.
What will happen to the information that is gathered during the research?
All data will be de-identified by replacing each participant’s name with an identification
number. Consent forms and demographic data will be kept separately from these deidentified data files. During the study and for 15 years following completion of the
study, all written data will be stored in a locked filing cabinet. This data will be
shredded after 15 years. During the study and for 15 years following completion of the
study, all electronic data (computer files) will be password protected and stored on a
computer. This data will be deleted after 15 years. Only the primary investigator and
those assisting in the study (see page 1) will have access to both written and electronic
data at any stage.
Results from the study will be presented in the principal investigator’s PhD thesis.
Results will also be submitted for publication in a peer reviewed journal and may be
submitted for presentation at a conference. You will not be identified in any publication
or at any conference. A copy of any the published papers will be made available upon
request.
Do I have to take part in the study?
You should not feel obliged to participate in any way. If you do not feel comfortable
during participation or for any other reason would like to withdraw from the study, you
may do so at any stage without penalty.
What happens now?
If you have read and understood the above information, believe you are suitable for the
study and wish to participate, please sign the consent form attached. If you are under the
age of 18 years old, a parent/guardian must also read the information sheet and sign the
consent form for you to participate. If you have any further questions please do not
hesitate to contact Christian on (03) 9479 5282 or 0417 593 112, or via email at
cjbarton@students.latrobe.edu.au, or alternatively you may contact Dr Kate Webster on
9479 5796 or k.webster@latrobe.edu.au
Parking
A map of the university grounds has been included, with a green line to indicate where
to go once you enter the university grounds. Please enter the university grounds from
Kingsbury Drive. You will then need to pass through the gait house, and inform them
that you are a visitor to the university to participate in a research project conducted by
the Musculoskeletal Research Centre. They will give you a visitors car park pass and
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you may then proceed to the HS3 building (D3 on map). On the left hand side you will
see a brick paved driveway which will lead to two blue parking bays. Park here and
someone will meet you at your car. If you have any problems please to not hesitate to
contact Christian on (03) 9479 5282 or 0417 593 112, or via email at
cjbarton@students.latrobe.edu.au, or alternatively you may contact Dr Kate Webster on
9479 5796 or k.webster@latrobe.edu.au
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asymptomatic individuals
participating in the foot and ankle
characteristics case-control study
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Participant Information Sheet
Project Title:

PATELLOFEMORAL PAIN SYNDROME: THE EFFCTS OF
FOOT ANTI-PRONATION TAPING ON PAIN AND
KINEMATICS

Investigators:

Mr Christian Barton, Dr Kate Webster, Associate Professor
Hylton Menz, Musculoskeletal Research Centre, La Trobe
University; Mr Daniel Bonanno: Department of Podiatry, La
Trobe University

You have been invited to participate in a project being conducted by researchers from
LaTrobe University, Bundoora. The project will be headed by Mr Christian Barton who
is a PhD student at LaTrobe University’s Musculoskeletal Research Centre (MRC). The
project will be assisted by Mr Daniel Bonanno, and supervised by Dr Kate Webster, and
Dr Hylton Menz. Christian may be contacted on (03) 9479 5282 or 0417 593 112, or via
email at cjbarton@students.latrobe.edu.au, or alternatively you may contact Dr Kate
Webster on 9479 5796 or k.webster@latrobe.edu.au
What is this study about?
Anterior knee pain is one of the most common presentations of to sports medicine and
orthopaedic clinics. As a result of pain, people often experience great difficulty running,
squatting, going up and down stairs, kneeling, walking, and/or even sitting for sustained
periods of time. The cause of this pain is multifactorial. Dysfunction of joints and
muscles not only at the knee, but also the foot are often considered as contributing
factors. This study will investigate the difference in foot types in those with and without
pain.
What participants are required?
People aged between 18 and 35 years old who presently suffer no knee, leg, or low back
pain. Prospective participants must have no history of surgery to their low back, legs or
foot. You will be assessed by a physiotherapist to ensure you meet these requirements.
Participants who are currently, or have been pregnant in the previous six months are
ineligible to participate.
What do I have to do if I decide to participate?
Participation will first require you to attend two testing sessions one week apart, both
taking approximately 90 minutes.
Session 1 (approximately 90 minutes): This will be a screening session conducted by a
qualified physiotherapist to ensure you meet the eligibility criteria for participation.
This will be conducted at La Trobe University’s Bundoora Campus on level 1 of the
Health Sciences 3 building in the gait laboratory. Firstly you will be required to answer
a number of questions and fill in a questionnaire. You will then be asked to stand on a
wooden platform in bare feet whilst three separate testers take a range of foot
measurements independently. If you feel uncomfortable at any stage you are encouraged
to take a rest, or withdraw from the study at any stage you feel necessary. Nonpermanent pen marks will be place on the feet to assist measurements. These marks will
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be removed upon completion of the measurements.
Session 2 (approximately 90 minutes)
The same process will take place.
What will happen to the information that is gathered during the research?
All data will be de-identified by replacing each participant’s name with an identification
number. Consent forms and demographic data will be kept separately from these deidentified data files. During the study and for 15 years following completion of the
study, all written data will be stored in a locked filing cabinet. This data will be
shredded after 15 years. During the study and for 15 years following completion of the
study, all electronic data (computer files) will be password protected and stored on a
computer. This data will be deleted after 15 years. Only the primary investigator and
those assisting in the study (see page 1) will have access to both written and electronic
data at any stage.
Results from the study will be presented in the principal investigator’s PhD thesis.
Results will also be submitted for publication in a peer reviewed journal and may be
submitted for presentation at a conference. You will not be identified in any publication
or at any conference. A copy of any the published papers will be made available upon
request.
Do I have to take part in the study?
You should not feel obliged to participate in any way. If you do not feel comfortable
during participation or for any other reason would like to withdraw from the study, you
may do so at any stage without penalty.
What happens now?
If you have read and understood the above information, believe you are suitable for the
study and wish to participate, please sign the consent form attached. If you are under the
age of 18 years old, a parent/guardian must also read the information sheet and sign the
consent form for you to participate. If you have any further questions please do not
hesitate to contact Christian on (03) 9479 5282 or 0417 593 112, or via email at
cjbarton@students.latrobe.edu.au, or alternatively you may contact Dr Kate Webster on
9479 5796 or k.webster@latrobe.edu.au
Parking
A map of the university grounds has been included, with a green line to indicate where
to go once you enter the university grounds. Please enter the university grounds from
Kingsbury Drive. You will then need to pass through the gait house, and inform them
that you are a visitor to the university to participate in a research project conducted by
the Musculoskeletal Research Centre. They will give you a visitors car park pass and
you may then proceed to the HS3 building (D3 on map). On the left hand side you will
see a brick paved driveway which will lead to two blue parking bays. Park here and
someone will meet you at your car. If you have any problems please to not hesitate to
contact Christian on (03) 9479 5282 or 0417 593 112, or via email at
cjbarton@students.latrobe.edu.au, or alternatively you may contact Dr Kate Webster on
9479 5796 or k.webster@latrobe.edu.au
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Participant Information Sheet
Project Title:

PREDICTION OF FOOT ORTHOSES EFFICACY IN
PATELLOFEMORAL PAIN SYNDROME (PFPS) FROM
CLINICAL OUTCOME MEASURES AND LOWER
EXTREMITY KINEMATICS

Investigators:

Mr Christian Barton, Dr Kate Webster, Associate Professor
Hylton Menz, Dr Pazit Levinger: Musculoskeletal Research
Centre, La Trobe University, Mr Daniel Bonanno: Department of
Podiatry, La Trobe University

You have been invited to participate in a project being conducted by researchers from
LaTrobe University, Bundoora. The project will be headed by Mr Christian Barton who
is a PhD student at LaTrobe University’s Musculoskeletal Research Centre (MRC). The
project will be assisted by Mr Daniel Bonanno, and supervised by Dr Kate Webster, and
Dr Hylton Menz. Christian may be contacted on (03) 9479 5282 or 0417 593 112, or via
email at c.barton@latobe.edu.au, or alternatively you may contact Dr Kate Webster on
9479 5796 or k.webster@latrobe.edu.au
What is this study about?
Anterior knee pain is one of the most common presentations of to sports medicine and
orthopaedic clinics. As a result of pain, people often experience great difficulty running,
squatting, going up and down stairs, kneeling, walking, and/or even sitting for sustained
periods of time. The cause of this pain is multifactorial. Dysfunction of joints and
muscles not only at the knee, but also the foot are often considered as contributing
factors. This study will investigate what factors can determine the effectiveness of using
foot ortoses in patients with anterior knee pain.
What participants are required?
People aged between 18 and 35 years old who complain of pain at the front of their
knees which is around or under their knee caps, and have no history of surgery to their
lower back, legs or foot, or have any other pain or injuries. You will be assessed by a
physiotherapist to ensure you meet these requirements. To be included, participants
must experience pain during at least two of the following tasks; walking, running,
ascending/descending stairs, squatting, kneeling, or prolonged sitting. Participants who
are currently, or have been pregnant in the previous six months are ineligible to
participate. If you have had any steroidal injections within the previous six months you
will also be considered ineligible to participate. Participants who have previously worn
foot orthoses or who are currently actively receiving treatment for their knee condition
will also be ineligible to participate.
What will I gain from participation?
You will receive a free assessment of your knee by a qualified physiotherapist. You will
also receive free treatment over a 12 week period in the form of a pair of foot orthoses,
home exercise prescription, and advice and education on appropriate modification to
activity and exercise. If you do not gain significant improvement from the treatment,
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contact details of the Australian Physiotherapy Association (Victorian Branch) will be
given to you on request so that you can contact them and seek further treatment.
What do I have to do if I decide to participate?
Participation will be required to attend screening session and three data collection and
treatment sessions over a six week period at the La Trobe University Gait Laboratory in
the Health Science 3 building. If you are under the age of 18 years old you will require
your attendance to screening and all sessions being accompanied by a parent/guardian.
Screening (approximately 20 minutes): Screening will be conducted by a qualified
physiotherapist to ensure you meet all eligibility criteria for participation in the study.
Firstly you will be required to answer a number of questions and fill in a questionnaire,
both of which will be related to your pain and symptoms. You will then be asked to lie
on your back whilst a number of tests are conducted on your knee, hip and low back to
ensure that you meet the study’s inclusion criteria. Whilst absence of pain is expected in
most of these tests (ruling out other pathology), some tests are designed to reproduce
your pain. This pain reproduction however is only intended to be temporary and should
settle rapidly. If at any stage you feel uncomfortable, you are able to withdraw from the
study without penalty.
Regardless of whether participants meet the eligibility criteria to participate in the
remainder of the study, they will be given education and advice from a physiotherapist
regarding their condition. If participants are not currently being treated, they will be
given referral to the Australian Physiotherapy Association (Victorian Branch) so they
can seek appropriate treatment of their condition.
Session 1 (approximately 90 minutes):
Clothing required for session 1 will include shorts (preferably bike shorts), and a T-shirt
which is able to be rolled up to expose the top of the pelvis. This is essential to allow
assessment of your foot posture and function, and the camera system to see markers
(placed on the pelvis) and record movement during testing. A changing area will be
made available if required.
Firstly your height and weight will be measured. You will then be required to stand on a
wooden platform in bare feet for approximately 15 minutes whilst measurements are
taken of your feet, ankles, and knees. Non-permanent pen marks will be place on the
feet to assist measurements. These marks will be removed upon completion of the
measurements. Once the foot measures are finished you will be asked to lie on your
back whilst measurements of your legs and hips are taken (required for calibration of
the camera system). A number of reflective markers will then be placed on your pelvis,
legs, and feet so that the camera can view movement of your limbs. The cameras do not
capture real pictures. The cameras are infra-red and record movement of the markers
which appear as a series of dots moving on a computer screen. With the markers in
place you will be required to stand in the middle of a 12 m walk way for approximately
five minutes whilst the camera system is calibrated to your body parameters.
Data collection will be split into three phases, each consisting of the same tasks (walking,
standing on one leg and rising up on your toes, squatting on one leg, stepping off a 20cm step
and standing up from a stool on one leg as many times as you can until pain increases, and
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ascending/ descending stairs). Although some of these tasks are likely to produce or increase
your level of knee pain, this is not expected to last, and you will be encouraged to rest
between tasks until your pain levels settle to baseline. The three phases will include bare feet,
wearing your own shoes, and wearing your own shoes with foot orthoses in them.
Foot orthoses: The same design of foot orthoses will be given to each participant, with the
size fitted to participants foot size. These will be soft and are generally considered by most
people to be comfortable.
During each task in each phase you will be asked to rate your pain and the level of task
difficulty on a pre-designed scale. Each phase is expected to take about 10-15 minutes.
You will not be required to complete all tasks if you consider them too painful or
uncomfortable. If at any stage your pain is too great or for any other reason, you are
permitted to rest. You may also withdraw at any stage without penalty.
You will be required to bring along all of your commonly worn footwear to session 1 so
it can be evaluated by the principle investigator using a quality assessment scale.
Session 2 (approximately 90 minutes):
You will complete the same tasks from session 1 again. You will then be given advice
and education on exercise and activity modification and a simple home exercise
program to further enhance the foot orthoses treatment. You will be required to
document your compliance to home exercises in the same diary as for your footwear.
Prior to finishing session two you will receive a range of questionnaires to be completed
at 6 weeks after session 2, and posted back to the university. A phone call will be given
at this time to remind you to complete the questionnaires and also check on your
progress.
Session 3 (approximately 30 minutes): This will take place 12 weeks after session 2. On
arrival you will be required to complete a range of questionnaires to rate the success of
the intervention. You will then be required to complete the same tasks from session 1 in
the same footwear and foot orthoses used in session one (walking, standing on one leg
and rising up on your toes, squatting on one leg, stepping off a 20cm step and standing
up from a stool on one leg as many times as you can until pain increases, and
ascending/descending stairs). If requested by you at this stage, contact details for any
health professional organisations which may assist your treatment further will be
offered to you.
What will happen to the information that is gathered during the research?
All data will be de-identified by replacing each participant’s name with an identification
number. Consent forms and demographic data will be kept separately from these deidentified data files. During the study and for 15 years following completion of the
study, all written data will be stored in a locked filing cabinet. This data will be
shredded after 15 years. During the study and for 15 years following completion of the
study, all electronic data (computer files) will be password protected and stored on a
computer. This data will be deleted after 15 years. Only the primary investigator and
those assisting in the study (see page 1) will have access to both written and electronic
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data at any stage.
Results from the study will be presented in the principal investigator’s PhD thesis.
Results will also be submitted for publication in a peer reviewed journal and may be
submitted for presentation at a conference. You will not be identified in any publication
or at any conference. A copy of any the published papers will be made available upon
request.
Do I have to take part in the study?
You should not feel obliged to participate in any way. If you do not feel comfortable
during participation or for any other reason would like to withdraw from the study, you
may do so at any stage without penalty.
What happens now?
If you have read and understood the above information, believe you are suitable for the
study and wish to participate, please sign the consent form attached. If you are under the
age of 18 years old, a parent/guardian must also read the information sheet and sign the
consent form for you to participate. If you have any further questions please do not
hesitate to contact Christian on (03) 9479 5282 or 0417 593 112, or via email at
c.barton@latrobe.edu.au, or alternatively you may contact Dr Kate Webster on 9479 5796
or k.webster@latrobe.edu.au
Parking
A map of the university grounds has been included, with a green line to indicate where
to go once you enter the university grounds. Please enter the university grounds from
Kingsbury Drive. You will then need to pass through the Gatehouse, and inform them
that you are a visitor to the university to participate in a research project conducted by
the Musculoskeletal Research Centre. They will give you a visitors car park pass and
you may then proceed to the HS3 building (D3 on map). On the left hand side you will
see a brick paved driveway which will lead to two blue parking bays. Park here and
someone will meet you at your car. If you have any problems please to not hesitate to
contact Christian on (03) 9479 5282 or 0417 593 112, or via email at
c.barton@latrobe.edu.au or alternatively you may contact Dr Kate Webster on 9479
5796 or k.webster@latrobe.edu.au
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Participant Information Sheet
Project Title:

PREDICTION OF FOOT ORTHOSES EFFICACY IN
PATELLOFEMORAL PAIN SYNDROME (PFPS) FROM
CLINICAL OUTCOME MEASURES AND LOWER
EXTREMITY KINEMATICS

Investigators:

Mr Christian Barton, Dr Kate Webster, Associate Professor
Hylton Menz, Dr Pazit Levinger: Musculoskeletal Research
Centre, La Trobe University, Mr Daniel Bonanno: Department of
Podiatry, La Trobe University

You have been invited to participate in a project being conducted by researchers from
LaTrobe University, Bundoora. The project will be headed by Mr Christian Barton who
is a PhD student at LaTrobe University’s Musculoskeletal Research Centre (MRC). The
project will be assisted by Mr Daniel Bonanno, and supervised by Dr Kate Webster, and
Dr Hylton Menz. Christian may be contacted on (03) 9479 5282 or 0417 593 112, or via
email at cjbarton@students.latrobe.edu.au, or alternatively you may contact Dr Kate
Webster on 9479 5796 or k.webster@latrobe.edu.au
What is this study about?
Anterior knee pain is one of the most common presentations of to sports medicine and
orthopaedic clinics. As a result of pain, people often experience great difficulty running,
squatting, going up and down stairs, kneeling, walking, and/or even sitting for sustained
periods of time. The cause of this pain is multifactorial. Dysfunction of joints and
muscles not only at the knee, but also the foot are often considered as contributing
factors. This study will investigate pelvic and lower limb movement between patients
with anterior knee pain. These findings will be compared to people of the same age who
do not suffer from any pain (you).
What participants are required?
People aged between 18 and 35 years old who suffer no knee, leg, or low back pain.
Prospective participants must have no history of surgery to their low back, legs or foot.
You will be assessed by a physiotherapist to ensure you meet these requirements.
Participants who are currently, or have been pregnant in the previous six months are
ineligible to participate.
What do I have to do if I decide to participate?
Participation will be required to attend one testing session of approximately 90 minutes.
If you are under the age of 18 years old you will require your attendance to both
sessions being accompanied by a parent/guardian.

Session 1 (approximately 90 minutes): This session will be conducted on level 1 of the
Health Sciences 3 building in the La Trobe University (Bundoora) gait laboratory. For
attendance to this session you will be required to wear or bring along appropriate
clothing. A changing area will be made available. Clothing required includes shorts
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(preferably bike shorts), and a black singlet which is able to be rolled up to expose the
top of the pelvis. This is essential to allow a camera system to see markers (placed on
the pelvis) and record movement during testing.
Firstly your height and weight will be measured. You will then be required to stand on a
wooden platform in bare feet for approximately ten minutes whilst measurements are
taken of your feet. Non-permanent pen marks will be place on the feet to assist
measurements. These marks will be removed upon completion of the measurements.
Once the foot measures are finished you will be asked to lie on your back whilst
measurements of your legs and hips are taken (required for calibration of the camera
system). Finally prior to using the camera system, a number of reflective markers will
be placed on your pelvis, legs, and feet so that the camera can view movement of your
limbs. The cameras do not capture real pictures. The cameras are infra-red and record
movement of the markers which appear as a series of dots moving on a computer
screen. With the markers in place you will be required to stand in the middle of a 12 m
walk way for approximately five minutes whilst the camera system is calibrated to your
body parameters. You will then be asked to complete a range of tasks including
walking, squatting on one leg, and ascending/descending stairs.
What will happen to the information that is gathered during the research?
All data will be de-identified by replacing each participant’s name with an identification
number. Consent forms and demographic data will be kept separately from these deidentified data files. During the study and for 15 years following completion of the
study, all written data will be stored in a locked filing cabinet. This data will be
shredded after 15 years. During the study and for 15 years following completion of the
study, all electronic data (computer files) will be password protected and stored on a
computer. This data will be deleted after 15 years. Only the primary investigator and
those assisting in the study (see page 1) will have access to both written and electronic
data at any stage.
Results from the study will be presented in the principal investigator’s PhD thesis.
Results will also be submitted for publication in a peer reviewed journal and may be
submitted for presentation at a conference. You will not be identified in any publication
or at any conference. A copy your individual or the entire study’s results will be made
available to you upon request.
Do I have to take part in the study?
You should not feel obliged to participate in any way. If you do not feel comfortable
during participation or for any other reason would like to withdraw from the study, you
may do so at any stage without penalty.
What happens now?
If you have read and understood the above information, believe you are suitable for the
study and wish to participate, please sign the consent form attached. If you are under the
age of 18 years old, a parent/guardian must also read the information sheet and sign the
consent form for you to participate. If you have any further questions please do not
hesitate to contact Christian on (03) 9479 5282 or 0417 593 112, or via email at
cjbarton@students.latrobe.edu.au, or alternatively you may contact Dr Kate Webster on
9479 5796 or k.webster@latrobe.edu.au

247

Parking
A map of the university grounds has been included, with a green line to indicate where
to go once you enter the university grounds. Please enter the university grounds from
Kingsbury Drive. You will then need to pass through the gait house, and inform them
that you are a visitor to the university to participate in a research project conducted by
the Musculoskeletal Research Centre. They will give you a visitors car park pass and
you may then proceed to the HS3 building (D3 on map). On the left hand side you will
see a brick paved driveway which will lead to two blue parking bays. Park here and
someone will meet you at your car. If you have any problems please to not hesitate to
contact Christian on (03) 9479 5282 or 0417 593 112, or via email at
cjbarton@students.latrobe.edu.au, or alternatively you may contact Dr Kate Webster on
9479 5796 or k.webster@latrobe.edu.au
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The following information pertaining to the Foot Posture Index (FPI) has been taken
and adapted from the ‘user guide and manual.’ The ‘user guide and manual’ is freely
available at http://www.leeds.ac.uk/medicine/FASTER/fpi.htm. In summary, the FPI
consists of six items each scored between -2 and +2, with negative scores indicating
supinated foot types and positive scores indicating pronated foot types. This produces a
sum total of between -12 and +12. A description for each of the six items and a scoring
sheet is outlined below.
Item 1: Talar head palpation
The talus head is palpated on the anterior aspect of the ankle. If the head can be felt
equally on the medial and lateral side a neutral score (0) is given. If greater prominence
is felt medially, a pronated score is given (+2 defined by only medial prominence felt),
and if greater prominence is felt laterally, a supinated score is given (-2 defined by only
lateral prominence felt).
Item 2: Supra and infra lateral malleolar curvature
A neutral score for this item is given if the curves above and below the later malleolis
are equal. If the curve above the malleolus is flatter, a pronated score is given (+2
defined by completely flat), and if the curve below the malleolus is flatter, a supinated
score is give (-2 defined by completely flat).
Item 3: Calcaneal frontal plane position
A neutral score is given if the rearfoot is perpendicular to the floor. A more valgus
rearfoot relative to the floor is given a pronated score (+2 defined by > 5º), and a more
varus rearfoot relative to the floor is given a supinated score (-2 defined by 5º).
Item 4: Bulging in the region of the talonavicular joint (TNJ)
A neutral score is given if the skin immediately superficial to the TNJ is flat. If the TNJ
is bulging, a pronated score is given (+2 defined by marked bulging), and if the TNJ
area is concave (indented) a supinated score is given (-2 defined by marked concavity).
Item 5: Height and congruence of the medial longitudinal arch
A neutral score is given if the arch shape is uniform and similarly shaped to the
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circumference of a circle. If the arch is flattened and lowered, a pronated score is given
(+2 defined by the mid-portion of the arch making contact with the floor). If the arch is
high, a supinated score is give (-2 defined by an acutely angled posterior end of the
arch).
Item 6: Abduction/adduction of the forefoot on the rearfoot
A neutral score is given when the forefoot can be seen equally on the medial and lateral
side when viewed from behind the axis of the rearfoot. If more of the forefoot is visible
laterally than medially, a pronated score is given (+2 defined by only lateral forefoot is
visible), and if more of the forefoot is visible medially than laterally, a supinated score
is given (-2 defined by only medial forefoot visible).

Forefoot

Rearfoot

Score
Item

Plane

Talar head palpation

Transverse

Supra and infra lateral malleolar curvature

Frontal/transverse

Calcaneal frontal plance position

Frontal

Bulging in the region of the talonavicular joint

Transverse

Height and congruence of the medial longitudinal arch

Sagittal

Abduction/adduction of the forefoot on the rearfoot

Transverse

Left

Right

Total
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Appendix 10: Patient perceived
clinical success outcome measure
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Participant number:
Date:

Follow-up period =

6 weeks

12 weeks

Patient perceived clinical success
How do you consider your condition to have progressed following the recent treatment
intervention program?
a\ marked worsening
b\ moderate worsening
c\ same
d\ moderate improvement
e\ marked improvement
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Appendix 11: Anterior Knee Pain
Scale
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1. Limp
a) None (5)
b) Slight or periodic (3)
c) Constant (0)
2. Support
a) Full support without pain (5)
b) Painful (3)
c) Weightbearing impossible (0)
3. Walking
a) Unlimited (5)
b) More than 2 km (3)
c) 1-2 km (2)
d) Unable (0)
4. Stairs
a) No difficulty (10)
b) Slight pain when descending (5)
c) Pain both when ascending and
descending (5)
d) Unable (0)
5. Squatting
a) No difficulty (10)
b) Repeated squatting painful (4)
c) Painful each time (3)
d) Possible with partial weight bearing
(2)
e) Unable (0)
6. Running
a) No difficulty (10)
b) Pain after more than 2 km (8)
c) Slight pain from the start (6)
d) Severe pain (3)
e) Unable (0)
7. Jumping
a) No difficulty (10)
b) Slight difficulty (7)
c) Constant pain (2)
d) Unable (0)

8. Prolonged sitting with knee flexed
a) No difficulty (10)
b) Pain after exercise (8)
c) Constant pain (6)
d) Pain forces to extend knees (4)
e) Unable (0)
9. Pain
a) None (10)
b) Slight and occasional (8)
c) Interferes with sleep (6)
d) Occasionally severe (3)
e) Constant and severe (0)
10. Swelling
a) None (10)
b) After severe exertion (8)
c) After daily activities (6)
d) Every morning (4)
e) Constant (0)
11. Abnormal painful knee cap movements
a) None (10)
b) Occasionally in sports activities (6)
c) Occasionally in daily activities (4)
d) At least one dislocation (2)
e) More than two dislocations (0)
12. Atrophy of thigh
a) None (5)
b) Slight (3)
c) Severe (0)
13. Flexion deficiency
a) None (5)
b) Slight (3)
c) Severe (0)

Total points =

Taken from Kujala et al [107].
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Appendix 12: Lower Extremity
Functional Scale
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Minimum Level of Detectable Change (90% Confidence): 9 points

Any of your usual work, housework, or school activities.
Your usual hobbies, re creational or sporting activities.
Getting into or out of the bath.
Walking between rooms.
Putting on your shoes or socks.
Squatting.
Lifting an object, like a bag of groceries from the floor.
Performing light activities around your home.
Performing heavy activities around your home.
Getting into or out of a car.
Walking 2 blocks.
Walking a mile.
Going up or down 10 stairs (about 1 flight of stairs).
Standing for 1 hour.
Sitting for 1 hour.
Running on even ground.
Running on uneven ground.
Making sharp turns while running fast.
Hopping.
Rolling over in bed.
Column Totals:

Extreme
Difficulty or
Unable to
Perform Activity
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

Quite a Bit
of Difficulty
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

Moderate
Difficulty
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4

No
Difficulty

SCORE: _____/ 80

A Little Bit
of
Difficulty
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

Reprinted from Binkley, J., Stratford, P., Lott, S., Riddle, D., & The North American Orthopaedic Rehabilitation Research Network, The Lower Extremity
Functional Scale: Scale development, measurement properties, and clinical application, Physical Therapy, 1999, 79, 4371-383, with permission of the
American Physical Therapy Association.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

Activities

Today, do you or would you have any difficulty at all with:

We are interested in knowing whether you are having any difficulty at all with the activities listed below because of your lower limb
Problem for which you are currently seeking attention. Please provide an answer for each activity.

THE LOWER EXTREMITY FUNCTIONAL SCALE

Appendix 13: Usual and worst pain
in the previous week visual analogue
scales
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Date:

Participant number:
Time point:

Baseline

6 weeks

12 weeks

PAIN LEVELS
The usual level of pain you have experienced in the past week.
_________________________________________________
< No pain at all

Worst pain imaginable >

The worst level of pain you have experienced in the past week
_________________________________________________
< No pain at all

Worst pain imaginable >
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Appendix 14: Rasch transformations
performed for correlations between
the Foot Posture Index and dynamic
foot function in Chapter 6
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Foot Posture Index

Foot Posture Index

raw score

Transformed score*

raw score

Transformed score*

−12

−10.47

1

0.50

−11

−7.96

2

1.16

−10

−6.45

3

1.75

−9

−5.54

4

2.33

−8

−4.84

5

2.98

−7

−4.25

6

3.81

−6

−3.71

7

4.83

−5

−3.20

8

5.68

−4

−2.67

9

6.36

−3

−2.12

10

7.01

−2

−1.54

11

7.77

−1

−0.91

12

8.65

0

−0.21

* Based on recommendations by Keenan et al [118]
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Abstract
Background: Footwear characteristics have been linked to falls in older adults and children, and
the development of many musculoskeletal conditions. Due to the relationship between footwear
and pathology, health professionals have a responsibility to consider footwear characteristics in the
etiology and treatment of various patient presentations. In order for health professionals and
researchers to accurately and efficiently critique an individual's footwear, a valid and reliable
footwear assessment tool is required. The aim of this study was to develop a simple, efficient, and
reliable footwear assessment tool potentially suitable for use in a range of patient populations.
Methods: Consideration of previously published tools, other footwear related literature, and
clinical considerations of three therapists were used to assist in the development of the tool. The
tool was developed to cover fit, general features, general structure, motion control properties,
cushioning, and wear patterns. A total of 15 participants (who provided two pairs of shoes each)
were recruited, and assessment using the scale was completed on two separate occasions
(separated by 1 – 3 weeks) by a physiotherapist and a podiatrist on each participant's dominant
foot. Intra-rater and inter-rater reliability were evaluated using intra-class correlation coefficients
(ICCs) (model 2, 1) and the 95% limits of agreement (95% LOAs) for continuous items, and
percentage agreement and kappa (N) statistics for categorical items.
Results: All categorical items demonstrated high percentage agreement statistic for intra-rater (83
– 100%) and inter-rater (83 – 100%) comparisons. With the exception of last shape and objective
measures used to categorise the adequacy of length, excellent intra-rater (ICC = 0.91 – 1.00) and
inter-rater reliability (ICC = 0.90 – 1.00) was indicated for continuous items in the tool, including
the motion control properties scale (0.91 – 0.95).
Conclusion: A comprehensive footwear assessment tool with good face validity has been
developed to assist future research and clinical footwear assessment. Generally good reliability
amongst all items indicates that the tool can be used with confidence in research and clinical
settings. Further research is now required to determine the clinical validity of each item in various
patient populations.
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Background

Methods

Footwear has been used by humans for thousands of
years. Footwear characteristics have been developed and
modified to provide protection from the environment,
conform with fashion, assist function, accommodate foot
deformities, and treat musculoskeletal injury [1]. Various
footwear characteristics have been linked to falls in older
people [2-7] and in children [8], and the development of
multiple conditions including osteoarthritis of the foot
[9,10] and knee [11], low back pain [12,13], foot ulcerations and amputations [14], and foot deformities such has
hallux valgus and hammer toes [15].

Development of the footwear assessment tool
Consideration of previously published tools [17-20],
other footwear-related literature, and clinical experience
of the participating researchers were used to assist in the
development of the tool (see Additional material file 1).
The three researchers included a physiotherapist with
three years clinical experience, a podiatrist with nine years
clinical experience and a podiatrist with 15 years clinical
and research experience. Footwear characteristics considered to be important in the development and treatment of
varying foot, lower limb, and low back conditions, as well
as falls and diabetes-related issues were included in the
tool. To allow a more objective measure of footwear quality in regard to motion control prior to consideration of
foot orthoses prescription, a motion control properties
scale was also devised using items extracted from the tool.
An explanation of each of the six items and the justification for inclusion is now outlined and measurement techniques described. Photographs of the measurement
techniques related to each item in the scale can be found
in Additional material file 1.

Due to the relationship between footwear and pathology,
health professionals have a responsibility to consider
footwear characteristics in the aetiology and treatment of
various patient presentations. Many issues related to foot,
lower limb, and low back conditions can often be
addressed by changing or modifying footwear, with or
without the use of foot orthoses. When considering foot
orthoses prescription, the Australian Podiatry Council's
clinical guidelines [16] state that the influence of footwear
style and fit on the patient's clinical condition should be
addressed first. If choosing to implement foot orthoses,
the suitability of a patient's footwear to accommodate the
orthoses must first be assessed [16]. In some cases, changing a patient's footwear may be the only intervention
required [17].
In order for health professionals to accurately and efficiently critique an individual's footwear and provide
advice, a valid and reliable footwear assessment tool is
required. The availability of such tools within the literature is currently limited. The Footwear Checklist [17] was
recently published to provide guidance to health professionals when assessing patients' footwear. The Footwear
Suitability Scale [18], and the nine item Footwear Assessment Score [19] have also been published in the literature
to assess suitability of footwear for diabetic patients and
children respectively. Unfortunately, none of these three
assessment tools were published with accompanying reliability evaluation for the items contained within them.
Menz and Sherrington [20] developed the seven item Footwear Assessment Form as a simple clinical tool to assess
footwear characteristics related to postural stability and
falls risk factors in older adults. The scale was reported to
possess generally high reliability for intra-rater and interrater comparisons. However, like other published footwear assessment tools [18,19], it is intended for a specific
population, limiting its broader application. The purpose
of this investigation was to develop a simple, efficient,
and reliable footwear assessment tool to assess a broad
range of footwear characteristics and which is potentially
suitable for use in a range of patient populations.

Item 1. Fit
Poorly fitting shoes have been linked to falls [4,15,21,22],
foot pain [23,24], pressure lesions in patients with diabetes [23,25,26], neuromas [15], corns and calluses [27] and
toe deformity in older people [24]. All measures of fit
were taken in weight-bearing (WB) due to the splaying
and elongation of the foot which occurs when moving
from a non-weight-bearing (NWB) to WB position
[28,29]. Three aspects of fit were included in the scale
including length, width and depth.
Length – rule of thumb
A gap of between 10 and 20 mm [14,17-19], or a thumb's
width [1,27] from the longest toe to the front of the shoe
are common recommendations in the literature. For this
item, therapist palpation was used to categorise footwear
as too short (< 1/2 a thumb's width), good (between a 1/
2 and 1 1/2 of a thumb's width), or too long (> 1 1/2 of a
thumb's width). A second, more objective, length measurement was also included in the tool. This involved
measuring the length inside the shoe using a flexible plastic straw, measuring foot length using a custom built Brannock-style device, and calculating the difference. The
difference was then compared to the footwear owner's
thumb width (measured by ruler at the base of the nail)
and categorised in the same way as the palpation method.
This measurement was taken second so it would not bias
the more subjective palpation method. This method
allows a more quantifiable measure of length adequacy,
and allows for length assessment of footwear which does
not allow palpation through the toe box (e.g. steel capped
boots).
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Width – grasp test
To measure the adequacy of footwear width, grasping of
the upper over the metatarsal heads was used to categorise
footwear as too wide (excessive bunching of the upper),
good (slight bunching of the upper), or too narrow (tight,
taught upper unable to be grasped) [1,14].
Depth
Consideration of the ability of the toes and joints to move
freely, and the absence of pressure on the dorsal aspect of
the toes and nails was considered to categorise depth as
adequate or too shallow [17].
Item 2. General features
Age of shoe
The age of the shoe is important to evaluate the significance of wear patterns, and to determine when replacement may be required. The therapist may consider this
information in relation to other subjective examination
information such as occupation or intended purpose of
the footwear, and also frequency of wear. This was based
on participants' self-report of the age of the shoe.
Footwear type
Footwear type has been linked to diminished balance and
falls in older people [2,4-6]. This item was taken from the
Footwear Assessment Form [20]. A sheet containing representative diagrams of each category was used to improve
reliability and assist decisions on this item (see Additional
material file 1).
Materials (upper)
The upper is most commonly constructed from leather,
but can also be made from various synthetic materials
[14]. Leather is more expensive than synthetic materials
but is considered superior due to its durability, greater
breathability and subsequent ability to prevent fungal
growth, and ability to mould to deformities of the foot
without resulting in pressure areas and ulcer formation in
patients with diabetes [14,17,30]. Synthetic materials can
be made to be more breathable (e.g. mesh), however, at
the expense of durability. Therefore, materials (upper)
were categorised as leather, synthetic, mesh, or other.
Materials (outsole)
Rubber, plastic, and leather can all be used in construction
of footwear outsoles. Rubber outsoles are thought to be
superior due their ability to increase slip resistance,
thereby reducing the risk of falls in older people [4,31]
and in children [8]. However, in some instances, leather
or plastic may be used to improve the aesthetics of footwear. This item was categorised as rubber, plastic, leather,
or other.

http://www.jfootankleres.com/content/2/1/10

Weight/length ratio
The ratio of weight/length was considered by the three
participating researchers to be important in influencing
gait efficiency. The weight of footwear was measured in
grams using Homemaker™ digital scales (+/- 1 gram).
Length of the shoe was measured in millimeters from the
most posterior aspect of the upper heel cup to the most
distal aspect of the upper toe box using a custom made
Brannock-style device. The ratio was determined by dividing the weight by the length. No categories were devised
for this item as there is currently no evidence or previous
tools upon which to base them.
Item 3. General structure
Heel height
Wearing high-heeled shoes has been reported to diminish
static and dynamic balance [32-36], and increase the risk
of falling in older people [7]. High-heeled shoes have also
been implicated in the development of low back pain
[13], osteoarthritis of the knee [11,37] and forefoot
[9,10], and hallux valgus and calluses in older people
[27]. Categories for increased heel height were taken from
the Footwear Assessment Form (0 to 2.5 cm, 2.6 to 5.0 cm,
or > 5.0 cm) [20] and match previous recommendations
for older people [22]. Measurement was recorded as the
average of the height medially and laterally from the base
of the heel to the centre of the heel-sole interface.
Forefoot height (measured at point of first and fifth
metatarsophalangeal joints)
Since the relationship between heel height, forefoot
height, and footwear length and not heel height alone will
effect the position of the foot in the shoe, forefoot height
was also measured. This measurement was taken at the
level of both the first and fifth metatarsophalangeal joints
and the average of both recorded. The measurement was
then categorised as 0 to 0.9 cm, 1.0 to 2.0 cm or > 2.0 cm.
Normalised longitudinal profile (heel – forefoot difference, or pitch)
The longitudinal profile was recorded as the difference
between heel height and forefoot height (also referred to
as pitch). This item was categorised as flat (0 to 0.9 cm),
small heel rise (1.0 to 3.0 cm), or large heel rise (> 3.0
cm). This measure was then normalised by dividing it by
the length of the shoe. This normalised measure takes into
account all factors which will determine the position of
the foot in the shoe. For example, a 3.0 cm heel height will
plantarflex the foot more in a shoe containing a 1.5 cm
forefoot height when compared to a shoe containing a 2.5
cm forefoot height. Likewise, variations in heel:forefoot
profile will plantarflex a shorter foot more than a longer
foot.
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Last shape
The last of a shoe is considered important to accommodate variations in foot type. Whilst a straight last is
thought to accommodate a pronated foot type and assist
motion control, a curve last is thought to better accommodate a more supinated foot and optimise gait efficiency
[1]. The last shape was measured by bisecting the heel and
forefoot areas on the shoe sole, and then measuring the
angular difference between the two using a plastic goniometer with its axis positioned in the centre of the shoe.
The three categories devised were straight (0 to 5°), semicurved (5 to 15°), and curved (> 15°). The angular values
for each category were devised by consideration of measurements from a wide range of shoes. A visual observation
to categorise the last shape was made prior to using the
goniometer.
Fixation of upper to sole
Common methods for fixing the upper of a shoe to the
sole include board lasting and slip (stitch) lasting. Board
lasting involves using a board, usually made out of light
weight wood, which is glued to both the upper and the
sole in order to combine them, whilst slip lasting involves
stitching the upper directly to the sole. Board lasting footwear is thought to provide greater stability, however, it is
heavier, may be less comfortable and is considered a more
expensive manufacturing process than slip lasting [1]. The
two methods can also be combined (combination last) to
provide stability to the rearfoot whilst optimising weight,
comfort and flexibility in the forefoot [1]. This item was
categorised as board lasted, slip lasted, or combination
lasted.
Forefoot sole flexion point
A flexion point distal to the level of the first metatarsophalangeal joint (1st MPJ) may limit gait efficiency due
to altered kinematics which result from inhibition of normal 1st MPJ function [38]. A flexion point proximal may
jeopardise the shoe's stability. To measure this, a sagittal
bending force was applied to the shoe's sole and the point
at which the bend occurred was noted. This item was categorised as: at level of MPJs, proximal to MPJs, or distal to
MPJs.
Item 4. Motion control properties
Motion control properties of footwear are considered
important in falls prevention [19,38-40], treatment of
patients with diabetes [26] and rheumatoid arthritis [40],
and treatment of musculoskeletal injuries [1,39,41,42]. A
range of footwear properties may assist motion control of
the foot. These include fixation of the upper to the foot,
heel counter stiffness, and midfoot rigidity [1]. More
recently, in athletic footwear, midsoles made of multiple
densities (with the highest density located medially) have
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been developed in an attempt to further improve motion
control of the shoe [1,15,39,41].
Multiple density sole
This item was categorised as single density or multiple
density.
Fixation
Laces are considered the most optimal form of fixation as
they allow the fit of the shoe to be individually adjusted
[1,15], however, they can be difficult for some patients to
manage. Other alternatives in these cases include straps/
buckles, Velcro™, and zips. This item was taken from the
Footwear Assessment Form [20], and categorised as none,
laces, straps/buckles, Velcro™, or zips.
Heel counter stiffness
Heel counter stiffness is an important consideration when
rearfoot motion control is desired [15]. A stiff heel counter is also thought to improve balance [4,14,20]. This item
was taken from the Footwear Assessment Form [20]. Categories included none, minimal (> 45°), moderate (< 45°),
or rigid (< 10°). To measure this, the heel counter was
pressed with firm force approximately 20 mm from its
base and the angular displacement estimated.
Midfoot sole sagittal stability
Since the midfoot is required to form a rigid lever during
propulsion, footwear stability in this area was thought to
be an optimal motion control property. This item was
taken from the Footwear Assessment Form (referred to as
'longitudinal sole rigidity') [20], with the categories minimal (> 45°), moderate (< 45°), or rigid (< 10°). To measure this, both the rearfoot and forefoot components of the
shoe were grasped and attempts were made to bend the
shoe at the midfoot in the sagittal plane.
Midfoot sole frontal stability (torsion)
Torsional stability at the midfoot was also considered
important to determine the level of midfoot motion control provided by the shoe. This item was given the same
categories as the midfoot sole sagittal stability item. To
measure this, both the rearfoot and forefoot components
of the shoe were grasped and attempts were made to twist
the shoe at the midfoot in the frontal plane.
Scale for motion control properties
To develop a continuous scale to assess the quality of footwear in relation to motion control properties, each category from the motion control properties items were
assigned a score. The score allocations for all categories
from each item are outlined in Additional material file 1,
with the possible total score ranging from 0 to 11, and
greater scores indicating superior motion control properties. Therefore, footwear which scores 11 would be con-
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sidered to possess optimal motion control properties,
whilst footwear which scores 0 would be considered to
possess least optimal motion control properties.
Item 5. Cushioning
Greater shock absorbing properties (enhanced cushioning) in footwear have been considered important in overuse injury prevention [41-44]. Although increased
cushioning is thought to improve shock absorption characteristics of footwear and decrease injury rates, current
evidence to support this association is not strong [45-47].
Previous reports on the effect of footwear midsole density
(often modified to enhance cushioning and optimise
motion control) on balance have varied, although
impaired beam walking ability [48] reduced medio-lateral
stability [34] and reduced step length [36] with softer
midsoles in older people has been reported. Characteristics which may alter shock absorption properties of footwear are thought to include the presence of cushioning
systems, midsole hardness, and heel sole (interface of heel
to sole of shoe) hardness.
Presence of cushioning system
Many modern footwear designs include the addition of
specifically designed cushioning systems most commonly
made from air or gel pockets. This item was categorised as
none, heel, or heel/forefoot.
Lateral midsole hardness
The lateral aspect of the heel is generally the first part of
the foot to strike the ground during normal walking gait,
making the properties of the shoe at this aspect theoretically important to initial shock attenuation. This item was
subjectively categorised as soft, firm, or hard. Under firm
pressure from the examiner's thumb, minimal to no
indentation (< 0.5 mm) was scored hard, moderate
indentation (0.5 – 1.5 mm) was scored firm, and marked
indentation (> 1.5 mm) was scored soft. Due to previously reported poor reliability for a similar item [20], recommendations to obtain Shore A durometer hardness
measurements with a penetrometer (Yuequing Handpi
Instruments Co., Ltd) were also followed, providing a
quantitative measure of lateral midsole hardness. These
measurements were taken second so they did not bias
subjective measurements. Since only small translational
differences in placement of the penetrometer produced
different durometer measurements, this measure was
recorded as the average of three separate readings.
Medial midsole hardness
In footwear with multiple density midsoles the density of
the medial midsole was scored using the same subjective
categories, and objective Shore A durometer measurements used in lateral midsole hardness item.
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Heel sole hardness
The same subjective categories and objective Shore A
durometer measurements used in lateral and medial midsole hardness items were used for this item. This measurement was taken at the foot (inferior heel)-shoe interface.
Item 6. Wear patterns
Wear patterns of footwear can provide health professionals with some insight into how an individual's foot is
functioning in the shoe [17,49], and provide guidance as
to when a shoe has become unsafe or requires replacement. Wear pattern items included were upper, midsole,
tread pattern, and outsole.
Upper
This item was categorised as neutral, medial tilt greater
than 10°, which may indicate excessive pronation, or lateral tilt greater than 10°, which may indicate excessive
supination [49].
Midsole
This item was categorised as neutral, medial tilt (medial
midsole compression), which may indicate excessive pronation, or lateral tilt (lateral midsole compression), which
may indicate excessive supination [48].
Tread pattern
Since textured tread pattern has been considered an
important falls prevention characteristic [4,14,20,31], the
presence and wearing of the outersole was included in the
scale. Tread pattern was divided into two items consisting
of textured or smooth; and no wear, partly worn, or fully
worn.
Outersole wear pattern
This item was categorised as none, normal (i.e. starting
posterior lateral heel and moving medially towards the
first ray distally along the shoe), medial (greater medial
than lateral wear at the heel and forefoot), which may
indicate excessive pronation, or lateral (greater lateral
than medial wear at the heel and forefoot), which may
indicate excessive supination [49].
Data collection procedure
Ethical approval was granted by La Trobe University's Faculty of Health Sciences Human Ethics Committee. Information sheets were provided and written consent
obtained from each participant prior to the commencement of the study. A total of 15 staff members from the
Faculty of Health Sciences, La Trobe University were
recruited to the study. Each participant was required to
contribute two pairs of their own footwear for assessment
(i.e. number of different footwear totaled 30). Guidance
on what type of footwear to contribute was provided by
the investigators to ensure the scale was tested on a wide
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range of footwear. Footwear were assessed on the participant's dominant foot only, and assessment was carried
out by a physiotherapist (rater 1), and a podiatrist (rater
2). The same footwear was then retested between one and
three weeks later. During application of the tool, both
raters were blinded to each other's results, and their own
previous results.
Statistical analysis
Since only three shoes contained multiple density midsoles, lateral and medial midsole hardness items were
combined for data analysis. Intra-rater and inter-rater reliability for all continuous data were evaluated using intraclass correlation coefficients (ICCs) (model 2,1). Intraclass correlation coefficients above 0.90 were considered
excellent, 0.75 to 0.90 considered good, and below 0.75
considered poor to moderate [50]. The 95% limits of
agreement (95% LOAs) was calculated for continuous
measures so that potential errors for each item could be
quantified in units of its measurement [50]. So that measurement errors could be considered in context, the range
of each measure across included footwear was also
reported. Intra-rater and inter-rater reliability for all categorical data was evaluated using percentage agreement,
and kappa (N) statistics [51,52]. Kappa values above 0.80
were considered excellent, 0.60 to 0.80 considered substantial, 0.40 to 0.60 considered moderate, and below
0.40 considered poor to fair [52].

Results
Footwear types contributed by participants included walking shoes, athletic shoes, oxford shoes, moccasins, boots,
high heels, thongs (flip-flops), slippers, court shoes, and
sandals. The range for each quantitative measure from the
included footwear can be found in Table 1.
Intra-rater reliability
Intra-rater ICCs and 95% LOAs for quantitative measures
are shown in Table 2. Similar intra-rater reliability was
found for both raters across all measures. Most quantitative measures demonstrated excellent or almost excellent
reliability, with the exception of the thumb width item for
rater 1 and the last shape item for rater 2. Intra-rater kappa
and percentage agreement statistics for categorical measures from the tool are shown in Table 3. With three exceptions, all items were found to possess at least moderate
intra-rater reliability for both raters. However, the three
that did not (adequate depth, upper wear pattern, and
outsole wear pattern) all demonstrated high percentage
agreements (92 to 98%). This indicates the presence of the
high agreement-low kappa paradox which can result if a
low prevalence of some scores exists [51]. In these cases,
the percentage agreement statistic provides a better indicator of overall agreement than the kappa statistic [51].
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Table 1: Range for each continuous measurement.

Variable

Range

Fit
Foot length
Inside shoe length (straw)
Inner shoe length – foot length
Thumb width
General
Weight
Length
Weight/length
General structure
Heel height
Forefoot height
Longitudinal profile
Normalised longitudinal profile
Last shape
Motion control properties
Number of laces
Motion control sub-scale
Cushioning system
Midsole durometer
Heel sole durometer

273 – 274 mm
221 – 289 mm
-8 – 22 mm
17 – 24 mm
86 – 591 g
231 – 301 mm
0.36 – 2.05
4 – 82 mm
2 – 26 mm
0 – 79 mm
0.000 – 0.322
0 – 14°
3–7
0 – 11
34 – 100
10 – 87

Inter-rater reliability
Inter-rater ICCs and 95% LOAs for quantitative measures
are shown in Table 4. The ICC results indicated generally
similar reliability between therapists for both days. Excellent reliability was indicated on both days for all measures
with the exception of the thumb width and last shape
items which demonstrated poor to fair reliability on both
days. Inter-rater kappa and percentage agreement statistics
for categorical measures from the tool are shown in Table
5. With the exception of three items, all items were found
to possess at least moderate inter-rater reliability for both
testing sessions. Again these three items (adequate depth,
upper wear pattern, and outsole wear pattern) demonstrated high percentage agreements (92 to 97%), indicating the presence of the high agreement-low kappa
paradox [51].

Discussion
Footwear characteristics are considered important for
treatment and prevention in various patient populations.
However, previously there have been very few objective
tools available for use clinically or for research purposes.
Tools which have been previously published [17-20] have
lacked evaluation of their reliability, or their applicability
has been limited to a specific population. In this study,
the Footwear Assessment Tool was developed as a comprehensive tool potentially applicable to a range of populations in clinical and research settings. The tool when
completed in its entirety takes around 10 minutes,
although this time is shortened with experience or by
omitting components the researcher or therapist may
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Table 2: Intra-rater reliability for continuous measures.

Mean difference (95% LOA)
Variable

ICC

Rater 1

Rater 2

Rater 1

Rater 2

0.3 (-2.5, 3.1)
0.5 (-7.7, 8.7)
0.2 (-9.2, 9.6)
-0.5 (-3.1, 2.1)

0.3 (-3.9, 4.5)
-0.3 (-6.9, 6.3)
-0.6 (-9.2, 8.0)
0.1 (-1.7, 1.9)

0.99 (0.99 – 1.00)
0.97 (0.94 – 0.99)
0.78 (0.59 – 0.89)
0.64 (0.24 – 0.86)

0.99 (0.99 – 9.99)
0.98 (0.96 – 0.99)
0.81 (0.65 – 0.91)
0.83 (0.58 – 0.94)

0.7 (-3.5, 4.9)
0.9 (-5.2, 7.0)
0.00 (-0.02, 0.02)

0.9 (-3.0, 4.8)
1.7 (-6.8, 10.2)
0 (-0.02, 0.02)

1.00 (1.00 – 1.00)
0.99 (0.97 – 0.99)
1.00 (1.00 – 1.00)

1.00 (1.00 – 1.00)
0.97 (0.94 – 0.99)
1.00 (1.00 – 1.00)

-1 (-6, 4)
0 (-4, 4)
-1 (-5, 3)
-0.004 (-0.020, 0.012)
-0.2 (-3.0, 2.6)

1 (-5, 7)
0 (-3, 3)
1 (-5, 7)
0.004 (-0.018, 0.026)
0.2 (-4.0, 4.4)

0.99 (0.97 – 0.99)
0.95 (0.90 – 0.98)
0.99 (0.96 – 0.99)
0.99 (0.97 – 1.00)
0.86 (0.72 – 0.93)

0.97 (0.94 – 0.99)
0.97 (0.93 – 0.98)
0.97 (0.95 – 0.99)
0.98 (0.96 – 0.99)
0.65 (0.39 – 0.82)

-0.1 (-0.6, 0.4)
0.1 (-1.8, 2.0)

-0.1 (-0.6, 0.4)
0.3 (-1.9, 2.5)

0.96 (0.90 – 0.99)
0.93 (0.86 – 0.97)

0.97 (0.91 – 0.99)
0.91 (0.83 – 0.96)

-1.2 (-9.2, 6.8)
0.3 (-8.8, 9.4)

0.1 (-9.9, 10.1)
0.0 (-14.3, 14.3)

0.97 (0.94 – 0.99)
0.97 (0.93 – 0.98)

0.95 (0.90 – 0.98)
0.93 (0.85 – 0.96)

Fit
Foot length (mm)
Inside shoe length (straw) (mm)
Inner shoe length – foot length (mm)
Thumb width (mm)
General
Weight (g)
Length (mm)
Weight/length
General structure
Heel height (mm)
Forefoot height (mm)
Longitudinal profile (mm)
Normaliaed longitudinal profile
Last shape
Motion control properties
Number of laces
Motion control scale
Cushioning
Midsole durometer
Heel sole durometer

believe are irrelevant to their patient(s). Each item within
the tool was evaluated for reliability, and this along side
consideration of validity for further use clinically and in
research will now be discussed.
Item 1. Fit
Inadequately sized shoes have been reported in between
72 and 81% of older people [23,25,27], 88% of females
aged 20 to 60 years of age [24], and 80% of patients
attending a general diabetic clinic [53]. However, the reliability of previous methods of assessing fit have not been
reported. The current tool assessed three components of
fit including length, width, and depth. Length was measured by both subjective palpation and more objectively
using foot length and inner-shoe length measured with a
flexible plastic straw. Both methods demonstrated at least
moderate intra-rater and inter-rater reliability, indicating
they can be applied in future research with some confidence.

When comparing reliability of the palpation and straw
methods, rater 1 showed superior intra-rater reliability
using the palpation method and rater 2 showed superior
intra-rater reliability using the straw method. The straw
method showed superior inter-rater reliability on both
occasions. Although this indicates superior overall reliability for the straw method, clinical application and validity of the two measures needs to be considered. The
palpation method is more efficient, and accounts for

potential foot length changes due to altered foot posture
caused by the shoe. The straw method is more time consuming, requires equipment, and does not account for
any change to foot length as a result of altered foot posture. Interestingly, the palpation method revealed 14 out
of 30 shoes to be too short compared to 19 out of 30 when
using the straw method. This discrepancy may have
resulted from changes to foot posture (e.g. more supinated) and overall length when the foot is placed in the
shoe. Substantial reliability was found for intra-rater and
inter-rater comparisons for both width and depth measurements from the current tool, with the exception of
inter-rater reliability for depth measurement on day 2.
However, percentage agreement was high (93%), indicating that all categorical items related to fit can be used in
future research with confidence.
The LOA measurement errors for intra-rater (see Table 2)
and inter-rater (see Table 4) comparisons were relatively
large for the quantifiable measure of difference between
foot length and inner shoe length (measured by the straw)
when considered in context of the range of scores (-8 – 14
mm). This would indicate that future research to establish
optimal footwear to foot length relationships in injury
prevention and treatment may need to develop a more
reliable method of measurement to that used in this
study. Until further research is conducted on the clinical
validity of both methods, the 'palpation' method is rec-
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Table 3: Intra-rater reliability for categorical measures.

% agreement
Variable

Kappa

Rater 1

Rater 2

Rater 1

Rater 2

93
83
92
97

83
77
93
93

0.86
0.65
0.65
0.78

0.41
0.51
0.69
0.00*

97
100
100
97

97
100
98
100

0.92
1.00
1.00
0.65

0.92
1.00
0.98
1.00

98
93
100
97
87
98

95
97
88
97
85
98

0.94
0.78
1.00
0.48
0.73
0.91

0.83
0.87
0.66
0.65
0.70
0.92

100
100
96
92
90

100
98
96
88
91

1.00
1.00
0.87
0.78
0.72

1.00
0.93
0.86
0.71
0.67

98
97
98

98
98
95

0.94
0.91
0.96

0.95
0.94
0.85

98
100
100
100
93

92
100
100
100
92

0.85
1.00
1.00
1.00
0.71

-0.03*
1.00
1.00
1.00
0.22*

Fit
Adequate length (palpation)
Adequate length (straw method)
Adequate width
Adequate depth
General
Age of shoe
Type of shoe
Upper materials
Outsole materials
General structure
Heel height
Forefoot height
Longitudinal profile
Last shape
Fixation (outersole to midsole)
Sole flexion point
Motion control properties
Dual density presence
Fixation (upper to foot)
Heel counter stiffness
Midfoot sagittal stability
Midfoot torsional stability
Cushioning
Cushioning system presence
Lateral/medial midsole hardness
Heel-foot contact hardness
Wear patterns
Upper wear pattern
Midsole wear pattern
Tread pattern
Tread wear
Outsole wear pattern
* high-agreement -low kappa paradox

ommended due to its comparative reliability combined
with superior efficiency.
Item 2. General features
Almost all intra-rater and inter-rater comparisons for categorical items in the general section of the current tool
demonstrated excellent reliability. The exceptions were
the materials (outsole) item intra-rater reliability for rater
1 and inter- rater reliability on day 2. However, both of
these comparisons showed high percentage agreement
scores (97%). Weight, length, and weight/length ratio
items all demonstrated excellent intra-rater and inter-rater
reliability, and very low measurement errors compared to
their respective ranges.

The current study indicated superior intra-rater (1.00 versus 0.70 to 1.00 [20]) and inter-rater (0.93 versus 0.80 to
0.90 [20]) reliability to that of Menz and Sherrington [20]

for categorising footwear type. Improved reliability in the
current study may have resulted from evaluating a larger
range of footwear types and/or use of the picture chart
(see Additional material file) to assist decision making.
Therefore, the use of this chart in future research using this
item is recommended.
Item 3. General structure
Categorical measurements of heel height, forefoot height,
and longitudinal profile demonstrated at least substantial
intra-rater reliability and at least moderate inter-rater reliability for all measures. The percentage agreement statistic
for categorizing heel height in the current study was similar to that reported by Menz and Sherrington [20]. Categories used in the current scale were based on consensus
between researchers involved in this investigation and a
previously published tool [20]. However the categories
have not been validated, with the exception of one study
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Table 4: Inter-rater reliability for continuous measures.

Mean difference (95% LOA)

ICC

Day 1

Day 2

Day 1

Day 2

1.2 (-1.1, 3.5)
0.1 (-7.5, 7.7)
-1.1 (-9.1, 6.9)
-0.2 (-2.7, 2.3)

1.1 (-0.8, 3.0)
-0.7 (-6.6, 5.2)
-1.9 (-8.6, 4.8)
0.5 (-1.9, 2.9)

0.99 (0.92 – 1.00)
0.98 (0.95 – 0.99)
0.83 (0.67 – 0.91)
0.69 (0.30 – 0.89)

0.99 (0.92 – 1.00)
0.99 (0.97 – 0.99)
0.87 (0.67 – 0.94)
0.69 (0.31 – 0.88)

-0.3 (-2.9, 2.3)
-0.8 (-7.0, 5.4)
0.00 (-0.01, 0.01)

-0.1 (-3.7,3.5)
0 (8.6)
0.00 (-0.02, 0.02)

1.00 (1.00 – 1.00)
0.99 (0.97 – 0.99)
1.00 (1.00 – 1.00)

1.00 (1.00 – 1.00)
0.97 (0.95 – 0.99)
1.00 (1.00 – 1.00)

1 (-7, 9)
0 (-4, 4)
1 (-5, 7)
0.005 (-0.019, 0.029)
0.8 (-2.9, 4.5)

4 (-5, 13)
1 (-4, 6)
4 (-7,15)
0.013 (-0.028, 0.054)
1.2 (-2.5, 4.9)

0.96 (0.91 – 0.98)
0.94 (0.87 – 0.97)
0.97 (0.94 – 0.99)
0.98 (0.95 – 0.99)
0.74 (0.49 – 0.87)

0.97 (0.95 – 0.99)
0.90 (0.80 – 0.95)
0.91 (0.74 – 0.96)
0.92 (0.78 – 0.97)
0.63 (0.25 – 0.82)

-0.1 (-0.6, 0.4)
0.0 (-2.0, 2.0)

-0.1 (-0.6, 0.4)
0.2 (-1.5, 1.9)

0.96 (0.90 – 0.99)
0.93 (0.85 – 0.96)

0.97 (0.91 – 0.99)
0.95 (0.89 – 0.98)

-1.7 (-11.9, 8.5)
0.4 (-12.5, 13.3)

-0.4 (-7.1, 6.3)
0.1 (-14.6, 14.8)

0.95 (0.90 – 0.98)
0.93 (0.86 – 0.97)

0.98 (0.96 – 0.99)
0.92 (0.83 – 0.96)

Fit
Foot length (mm)
Inside shoe length (straw) (mm)
Inner shoe length – foot length (mm)
Thumb width (mm)
General
Weight (g)
Length (mm)
Weight/length
General structure
Heel height (mm)
Forefoot height (mm)
Longitudinal profile (mm)
Normalised longitudinal profile
Last shape
Motion control properties
Number of laces
Motion control scale
Cushioning
Midsole durometer
Heel sole durometer

indicating heel elevation greater than 2.5 cm was associated with hallux valgus and plantar calluses in older
women [27]. Therefore, it is recommended quantitative
measurements are recorded and used in future research to
assist development of validated categories for specific
populations. The most valid measurement to develop categories would be the normalised longitudinal profile
(pitch) measure. This measure accounts for all properties
which may affect the posture of the foot in the shoe. Excellent intra-rater and inter-rater reliability was demonstrated for quantitative measurements of heel height,
forefoot height, and longitudinal profile. Measurement
errors compared to the range for each quantitative measure were also very low.
All three remaining items from the general structure component of the tool (last shape, fixation of upper to sole,
and forefoot sole flexion point) demonstrated at least substantial intra-rater and inter-rater reliability, with the
exception of intra-rater reliability of rater 1 for last shape.
However, this comparison showed a high percentage
agreement statistic (97%). When reliability for sole flexion point in the current study is compared to that reported
by Menz and Sherrington [20] for the same item, similar
inter-rater reliability (0.82 to 0.83 versus 0.75 to 1.00
[20]), and superior intra-rater reliability (0.91 to 0.92 versus 0.40 to 0.62 [20]). Superior intra-rater reliability may
have been the result of larger number of shoes and subsequently a greater number of scores for each category.

Intra-class correlation coefficient (ICC) results indicate
that using a more quantifiable measure of last shape (performed after visually categorising the last) possesses only
poor to good intra-rater (0.65 to 0.86) and poor to moderate inter-rater (0.63 to 0.74) reliability. The LOA measurement errors for intra-rater (see Table 2) and inter-rater
(see Table 4) were also high compared to the range of the
measure (0 – 14°). Therefore, it is recommended this
quantitative measurement technique be used with caution in future research.
Item 4. Motion control properties
All motion control properties categorical items in the current study demonstrated at least substantial reliability for
both intra-rater and inter-rater comparisons. The Footwear
Assessment Form [20] contained three similar motion control property items. These included fixation (fixation of
the upper to the foot), heel counter stiffness, and longitudinal sole rigidity (midfoot sagittal stability). Kappa statistics were used to compare fixation and heel counter
stiffness reliability reported in Menz and Sherrington's
[20] results. However, midfoot sagittal stability (longitudinal sole rigidity) was compared using percentage agreement statistics due to a high agreement – low kappa
paradox in Menz and Sherrington's [20] results. Midfoot
sagittal stability results in the current study indicated inferior intra-rater reliability (88 to 92% versus 92 to 100%
[20]), and similar inter-rater reliability (88 to 95% versus
92% [20]). Fixation (upper to foot) in the current study
showed similar intra-rater reliability (0.93 to 1.00 versus
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Table 5: Inter-rater reliability for categorical measures.

% agreement
Variable

Kappa

Day 1

Day 2

Day 1

Day 2

88
97
92
97

83
90
97
93

0.59
0.93
0.68
0.78

0.66
0.79
0.82
0.00*

100
98
95
100

100
98
93
97

1.00
0.93
0.87
1.00

1.00
0.93
0.82
0.65

95
93
95
98
85
97

92
93
83
100
90
97

0.83
0.76
0.81
0.79
0.70
0.82

0.71
0.77
0.51
1.00
0.80
0.83

100
85
93
88
89

100
90
96
95
93

1.00
1.00
0.81
0.69
0.84

1.00
0.93
0.86
0.87
0.83

95
92
95

95
94
95

0.84
0.76
0.87

0.83
0.80
0.86

97
100
100
100
93

93
100
100
100
92

0.73
1.00
1.00
1.00
0.63

-0.03*
1.00
1.00
1.00
0.38*

Fit
Adequate length (palpation)
Adequate length (straw method)
Adequate width
Adequate depth
General
Age of shoe
Type of shoe
Upper materials
Outsole materials
General structure
Heel height
Forefoot height
Longitudinal profile
Last shape
Fixation (Outersole to midsole)
Sole flexion point
Motion control properties
Dual density presence
Fixation (upper to foot)
Heel counter stiffness
Midfoot sagittal stability
Midfoot torsional stability
Cushioning
Cushioning system presence
Lateral/medial midsole hardness
Heel-foot contact hardness
Wear patterns
Upper wear pattern
Midsole wear pattern
Tread pattern
Tread wear
Outsole wear pattern
* high-agreement -low kappa paradox

0.73 to 1.00 [20]) and superior inter-rater reliability (0.93
to 1.00 versus 0.87 [20]). Heel counter stiffness showed
superior intra-rater (0.86 to 0.87 versus 0.77 to 0.86 [20])
and inter-rater (0.81 to 0.86 versus 0.64 to 0.75 [20]) reliability.
Slightly better overall reliability in the present study may
have resulted from testing a larger number of shoes (30
versus 12 [20]) and a subsequent improvement in reliability with experience. Although differences existed between
this study and that by Menz and Sherrington [20], reliability in both studies for each item was high, strengthening
the claim of these items to possess adequate reliability for
future use.
Motion control properties scale
There is currently limited evidence that improving motion
control properties of footwear can treat or prevent muscu-

loskeletal injury [54]. The effect of motion control properties on clinical outcomes with foot orthoses is also
limited. In order to thoroughly investigate these possible
relationships, a reliable tool to assess overall motion control quality has been developed. The scale demonstrated
excellent intra-rater and inter-rater reliability, and reasonable measurement error scores between days (see Table 2)
and between raters (see Table 4) when compared to the
range of possible scores (0 to 11). These findings, combined with high reliability for each individual item,
would indicate the scale can be used both clinically and in
future research with confidence. However, despite good
face validity, the scale and each item lack good quality
research to support their clinical validity. Firstly, current
motion control property items included in the scale are
based on general consensus within the literature. Secondly, categories for subjective measures of heel counter
stiffness, midfoot sole sagittal stability and midfoot sole
torsional stability items are based on arbitrary ranges (i.e.
0 – 10°, 10 – 45°, and > 45°). Therefore, further research
is needed to evaluate injury risk and treatment of various
patient populations with footwear containing various
characteristics from within the scale. This will allow the
clinical validity of each item and the scale to be evaluated
and modified if appropriate.
Item 5. Cushioning
Optimal footwear characteristics related to cushioning to
treat and prevent musculoskeletal injury or prevent falls
are currently unclear [54]. To evaluate possible relationships, reliable techniques to assess characteristics are
needed. Excellent intra-rater and inter-rater reliability was
found for all categorical cushioning items with the exception of inter-rater reliability for lateral/medial midsole
hardness on day 1 which showed substantial reliability.
Although high reliability for these items is indicated, the
clinical validity of the categories within each item still
needs to be evaluated on various patient populations.

Findings from the current study indicate much better reliability compared to findings reported by Menz and Sherrington [20] for heel sole hardness. Menz and Sherrington
[20] reported moderate to substantial intra-rater reliability and poor to moderate inter-rater reliability, compared
to excellent intra-rater and inter-rater reliability in the current study. Superior reliability in the current study may
have resulted from more detailed descriptions of each category (i.e. soft, firm, or hard).
Menz and Sherrington [20] recommended using a more
objective measure such as the Shore A standard test for
durometer hardness to measure material density. Reliability of this method in the current study indicated excellent
intra-rater and inter-rater reliability for midsole and heel
sole hardness. Heel sole hardness durometer measure-
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ment showed reasonable LOA measurement errors for
intra-rater (see Table 2) and inter-rater (see Table 4) comparisons when compared to the range (10 – 87). Midsole
hardness durometer measurement also showed reasonable measurement errors for intra-rater (see Table 2) and
inter-rater (see Table 4) comparisons when compared to
the range (34 – 100). Considering these strong reliability
findings, objective Shore A durometer measurements of
footwear material density may be a more valid measurement technique compared to subjective categorisation
where quantification of density measurements is
required. Further research is now needed to develop and
validate quantifiable categories of material density for various patient populations. Until this is achieved, clinicians
and researchers that do not have access to a penetrometer
may use subjective evaluation of cushioning properties
with confidence that it is a reliable alternative.
Item 6. Wear patterns
All items from this section demonstrated substantial to
significant intra-rater and inter-rater reliability with the
exception of upper wear pattern and outsole wear pattern
for intra-rater reliability for rater 2 and inter-rater reliability on day 2. However, both of these items showed high
percentage agreements for intra-rater (92%) comparisons
from rater 2 and inter-rater (92 – 93%) comparisons on
day 2, indicating high agreement – low kappa paradoxes.
These paradoxes resulted from the very low number of
scores from both raters outside of normal for these items.
Since this study was conducted on a non-clinical population, this low number of abnormal wear patterns is not
surprising. Therefore, despite the apparent high reliability
of upper, midsole, and outersole wear patterns, it is recommended these items are used with some caution until
reliability can be established on footwear from clinical
populations who are likely to produce abnormal wear patterns. Unfortunately, the lack of abnormal wear patterns
prevented the addition of pictorial guidance for future
research and clinical use of the tool. This is an addition to
the tool that is recommended if it is applied in future
research investigating the relationship between abnormal
wear patterns and pathology.

Conclusion
Optimal footwear characteristics in a range of patient populations remain unclear. The Footwear Assessment Tool was
devised in an attempt to produce a comprehensive footwear assessment tool which is valid, reliable, and can be
efficiently applied in clinical and research settings. Based
on face validity and findings of high reliability for all categorical items, use of these items from the tool to assist
clinical footwear assessment can be recommended for a
range of populations. Qualitative evaluation of the tool
and each of its components during its application by a
range of clinicians in different patient populations may

http://www.jfootankleres.com/content/2/1/10

provide guidance for future improvements to the tool.
Further research using more quantitative measures from
the tool is also needed to assist evaluation of the clinical
significance of categories from each item.
High reliability was found for all quantitative measures
from the current tool with the exception of last shape,
thumb width measurement, and the difference between
shoe length and foot length. With the exception of these
three items, use of the quantitative measures from the
scale in future research aiming to optimise the clinical significance of categories within each item is justified.
Achievement of this will require application of the tool to
footwear of participants during clinical prediction rule
studies aimed at establishing etiological factors of various
conditions and possible factors related to successful treatment outcomes. Such research may allow development of
a safe normalised longitudinal profile (heel height) and
midsole material density for those at risk of falling, optimal material densities to prevent overuse injuries, and
optimal foot length/shoe length relationship to prevent
pressure areas in diabetic patients. The motion control
properties scale has good face validity and high reliability.
However, the clinical significance of each items inclusion
and the weightings (score) for each category still requires
evaluation.
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