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Summary
Background
Plantar fasciitis is a common musculoskeletal condition that causes persistent pain under the heel.
The disorder can affect a range of people from various age groups, and typically occurs without
involvement of underlying systemic disease. The symptoms of plantar fasciitis can vary from a mild
transitory irritation to a constant disabling pain, and people with the condition often experience a
negative impact on their health-related quality of life. By reviewing the current literature and
undertaking original investigations, this thesis will explore the diagnostic features of plantar fasciitis
with an emphasis on ultrasonography, and determine the value of image-guided corticosteroid
injection for treatment of the condition.
Methodology
Three main projects were conducted for this thesis. Firstly, a systematic review was undertaken to
establish the underlying tissue changes associated with heel pain, by drawing together evidence
from a variety of diagnostic imaging studies. Secondly, a randomised controlled trial was carried out
to investigate the effectiveness of corticosteroid injection for treatment of plantar fasciitis. This
study incorporated an image-guided injection technique for delivery of the drug into the affected
tissue. The third study further utilised ultrasonography to observe the imaging features of plantar
fasciitis, with emphasis on vascular in-growth into the plantar fascia and the possible pain
mechanisms involved with the condition.
Findings
The findings of this thesis demonstrate that swelling and degeneration of the plantar fascia are
common imaging features associated with heel pain. Ultrasound-guided injection with a highly
soluble corticosteroid was shown to significantly reduce pain in the short-term, and the injection
also reduced swelling of the plantar fascia over a three month period. These findings are important
for clinical practice as they indicate that an image-guided corticosteroid injection is a safe and
effective treatment for plantar fasciitis, and that such an injection leads to sustained physiological
changes within the affected tissue. The final study presented in this thesis demonstrated that mild
hyperaemia is associated with plantar fasciitis, but that markedly increased vascularity is not a
feature of the condition.
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Aim of the thesis
The primary aim of this thesis was to investigate the diagnostic ultrasound features associated with
plantar fasciitis, and to determine the effectiveness of ultrasound-guided corticosteroid injection for
treatment of the condition.

Objectives of the thesis
The following objectives were developed to systematically address the primary aim of the thesis:
(i)

Conduct a systematic literature review to identify and summarise the most commonly
reported imaging features associated with plantar fasciitis.

(ii)

Determine the therapeutic value of ultrasound-guided corticosteroid injection for
treatment of plantar fasciitis.

(iii)

Investigate the effect of ultrasound-guided corticosteroid injection on the underlying
imaging features of plantar fasciitis, by monitoring the condition with ultrasound
prospectively over time.

(iv)

Explore the presence of increased vascularity in plantar fasciitis with use of power
Doppler ultrasonography.
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1. Introduction
Plantar fasciitis is a common musculoskeletal condition that causes persistent pain under the heel.
The condition can affect a range of people from various age groups, and typically occurs without
involvement of underlying systemic disease. The symptoms of plantar fasciitis can vary from a mild
transitory ache to a constant disabling pain, and people with the condition often experience a
negative impact on their health-related quality of life. Unlike some musculoskeletal disorders,
plantar fasciitis typically improves of its own accord over time, although prior to this, people with
the condition commonly present to health care professionals for assistance. The diagnosis and
treatment of plantar fasciitis usually involves a varied approach according to the severity and
duration of symptoms, and the clinical management of this condition is associated with high costs to
healthcare funding agencies.
By reviewing the current literature and undertaking original investigations, this thesis will investigate
the diagnosis and treatment of plantar fasciitis. In particular, this thesis will focus on the diagnostic
imaging features of the condition with an emphasis on ultrasonography techniques, and treatment
of the disorder by local injection of an anti-inflammatory drug (a corticosteroid). With this in mind,
three main projects are presented in this thesis to address these enquiries. Initially, a systematic
review was undertaken to establish the underlying tissue changes associated with heel pain, by
drawing together evidence from a variety of diagnostic imaging studies. The primary results of this
review are presented as meta-analyses incorporating data from studies that used similar imaging
methods. This review also provides a substantial rationale for the original investigations
subsequently undertaken in this thesis.
Following the systematic review, the use of corticosteroid injection for treatment of plantar fasciitis
is explored in detail, including the mechanism of action, administration techniques, and the extent of
support for the intervention given by clinical effectiveness studies. This discussion leads into the
second and most substantial project presented in this thesis; a randomised controlled trial that
investigated the effectiveness of corticosteroid injection versus placebo for plantar fasciitis. This
randomised trial incorporated an image-guided injection technique to enhance the procedure
accuracy. In addition to measuring subjective changes in participant symptoms (e.g. pain relief),
improvement of the underlying tissue was also determined by undertaking serial ultrasound
assessments. In so doing, the trial provides unique findings regarding the pharmacological effect of
corticosteroids for treatment of plantar fasciitis, and based on these, recommendations are made
regarding clinical management of the condition using this intervention method.
8

The third study presented in this thesis further utilised ultrasonography to observe the imaging
features of plantar fasciitis, although with more focus on the pathology and pain mechanisms
involved with the condition. In particular, the ultrasound settings used in this study enabled the
assessment of vascularity within the plantar fascia tissue. This study utilised a case-control design to
assess the degree of perfusion observed among a group of participants with plantar fasciitis
compared to an asymptomatic control group. Accordingly, the findings of this study demonstrate the
extent of underlying vascular change occurring with plantar fasciitis, which is interpreted relative to
clinical applications that may enhance treatment outcomes.
Throughout this thesis, the three studies described above are presented as manuscripts prepared for
publication, with supporting chapters and further exploration of study findings where appropriate. In
cases where a manuscript was published prior to submission of the thesis, the corresponding article
has been included as an appendix.
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2. Background
Chronic plantar heel pain (CPHP) is a non-specific term referring to a persistent painful condition
affecting the inferior heel. Historically, the disorder has been known by several other names,
including stone bruise, policeman’s heel, calcaneodynia and heel spur syndrome.1 However,
consensus within the current literature indicates that plantar fasciitis is the primary cause of CPHP,
and these terms are therefore frequently used interchangeably by clinicians and researchers alike.2-4
The onset of CPHP is normally insidious, and a single preceding causative factor is often absent.4 It
typically occurs without a history of injury or underlying systemic involvement. Early in the
condition, people with CPHP typically report sharp pain beneath the heel, made worse by weight
bearing after prolonged periods of rest (e.g. when rising in the morning from bed). This ‘first-step’
pain is considered a clinical hallmark of the disorder and is usually most intense under the distal
aspect of the plantar heel, although it may also extend into the medial arch of the foot.5 The severity
of these symptoms can range from a mild transient irritation to a constant disabling pain with
associated dyskinesia.5 Accordingly, people with the condition often experience a negative impact on
their health-related quality of life.6 The clinical course of CPHP has not been investigated in detail,
although it is frequently described in the literature as a self-limiting condition.2 4 This assertion is
supported to some extent by the findings of a systematic review investigating interventions for
CPHP, where indirect evidence indicated that symptoms tended to resolve after 12 months
regardless of treatment type (including placebo).1
The aim of this chapter is to introduce the typical characteristics of CPHP and to explore the
available evidence that relates to diagnosis and management of the disorder. In addition to
describing the epidemiological features and underlying biological processes involved, this chapter
focuses on two key areas that are fundamental to this thesis; (i) the diagnostic imaging findings
associated with CPHP, and (ii) the literature relating to treatment of the primary cause with
corticosteroid injection. In so doing, this chapter identifies the limitations of previous research in
these areas and provides a comprehensive rationale for the original investigations to be conducted
in this thesis.
2.1 Musculoskeletal anatomy of the inferior heel
The anatomy of the human heel incorporates several musculoskeletal structures that have
important biomechanical roles during gait and other weight-bearing activities. These structures have
a complex interrelationship with each other, as well as other components of the foot. The following
10

paragraphs describe the anatomical structures within this region that are most likely to be involved
in the development of CPHP, with particular emphasis on those that are further discussed in relation
to diagnostic imaging.
Firstly, the primary osseus structure of interest is the inferior surface of the calcaneus, and in
particular the tuberosity arising from the medial aspect, which is the main bony weight-bearing
segment of the heel (Figure 2.1).7 This area of the calcaneus is the proximal attachment site for the
plantar aponeurosis and also three plantar intrinsic muscles: flexor digitorum brevis, abductor
hallucis and abductor digiti quinti (Figure 2.1).7 These muscles play important roles during gait
stabilisation and dynamically support the longitudinal structure of the foot between the heel and
their digital insertions. At a more superficial level, the plantar fat pad is positioned immediately deep
to the plantar skin surface of the heel (Figure 2.1). This layer of adipose tissue is normally 1-2 cm
thick under the medial tuberosity of the calcaneus, and contains a fibrous septal network that allows
the tissue to reduce pressure from weightbearing forces, thereby protecting the underlying
structures from mechanical trauma.7 8

Figure 2.1. A longitudinal image (side view) of the foot showing the calcaneal tuberosity, intrinsic muscles and the plantar
fat pad. The Achilles tendon is also shown at the posterior aspect of the heel, and the origin of the plantar aponeurosis can
be seen at the calcaneal tuberosity. Image adapted from Logan et al.
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The plantar aponeurosis (also known as the plantar fascia) is comprised of three subcutaneous
bands of dense regular connective tissue, which extend longitudinally from the heel to the base of
the toes acting as a retaining system for the plantar intrinsic musculature.7 The structure originates
11

from the plantar aspect of the medial calcaneal tuberosity where it may receive fibres from the
Achilles and plantaris tendons (Figure 2.1).7 The central portion of the plantar fascia forms a
triangular shape as it widens medio-laterally at the mid-metatarsal level, where it forms five
segments that insert into the skin and transverse ligaments corresponding with each metatarsal
head (Figure 2.2).7 The medial and lateral bands of the fascia course longitudinally along the borders
of the forefoot and insert into the outer margins of the transverse natatory ligament (superficial to
the 1st and 5th metatarsal heads).7 The plantar fascia is thought to have evolved in humans to
support the longitudinal arch of the foot2 and to act as a spring mechanism that absorbs energy
during locomotion and impact activities.10 However, these structural and biomechanical roles may
also predispose the plantar fascia to excessive mechanical strain.4 Together with surrounding
fibrocartilage and the aforementioned bony and soft tissue structures, the proximal attachment site
of the plantar fascia is the major component of the subcalcaneal enthesis,11 and the primary site for
development of plantar fasciitis.

Figure 2.2. An illustration of the plantar fascia (plantar view) showing the large central portion of the fascia extending to
form five digital slips, and the medial and lateral bands coursing along the longitudinal borders of the foot. The blue shaded
area indicates the proximal attachment site of the plantar fascia (at the calcaneal tuberosity), which is the site for
12

degenerative changes in people with CPHP. Image adapted from Draves.
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The main neurological structure associated with the inferior heel is the calcaneal branch of the
lateral plantar nerve of the foot (a subsidiary of the posterior tibial nerve), which in turn gives rise to
the nerve to the abductor digiti quinti muscle (Figure 2.3). These small nerves conform closely to the
distal surface of the calcaneal tuberosity and are reportedly prone to entrapment in this region,
which may cause inferior heel pain and paraesthesia (sometimes described as Baxter’s nerve
entrapment).2 Vascular supply to musculoskeletal structures at the inferior heel is provided by the
calcaneal branch of the lateral plantar artery, which arises from a bifurcation of the posterior tibial
artery close to the medial malleolus of the tibia.7

Figure 2.3. An illustration of the main nerves associated with the inferior heel. The medial and lateral plantar nerves are
shown emerging from the tarsal tunnel and branching medio-laterally as they extend toward the toes. The nerve to
abductor digiti quinti is shown closely conforming to the distal aspect of the calcaneal tuberosity. Image adapted from
Baxter et al.
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2.2 Epidemiology of chronic plantar heel pain
CPHP is generally considered to be common, although its distribution in the general population is
currently unclear. An Australian population-based study involving 3,206 randomly selected
participants (aged 20 years and older) has reported a heel pain prevalence of 3.6%.14 However, the
precision of this estimate is uncertain as a self-administered questionnaire was used (participants
indicated on a diagram of the foot where they had pain), and clinical assessment by the study
13

investigators was not undertaken. The findings of this study have also been presented in a
systematic review, in which the prevalence of heel pain was shown to range from approximately 4%
to 20% across a range of age groups.15 More specific data collected from 12 primary care settings in
the UK has indicated that plantar fasciitis is commonly diagnosed by general practitioners,
accounting for 10% of musculoskeletal conditions affecting the foot and ankle.16 In addition to this, a
multi-ethnic, community-based study conducted in the USA on 784 older people (≥ 65 years old)
found that 7% experienced tenderness beneath the heel.17 During the years 1995 - 2000 it was also
estimated that one million physician consultations per year in the USA were for the diagnosis and
treatment of plantar fasciitis.18 Further exploration of this healthcare data has revealed an
associated economic burden, with clinical management of plantar fasciitis estimated to have cost
$192 to $376 million (USD) in the year 2007.19
The prevalence of plantar fasciitis has also been investigated in relation to more specific populations.
For example, a study investigating musculoskeletal injury among military personnel on deployment
has shown that 3.3% of injuries were diagnosed as plantar fasciitis (sample size = 1,520 patient
visits).20 It has also been estimated that over a 12 month period, 10.5 per 1,000 active-duty military
personnel were diagnosed with plantar fasciitis (sample size = 127,057 participants), with army
recruits aged over 40 years at higher risk compared to other sub-groups.21 In addition to military
studies, plantar fasciitis was also shown to affect 8% of 407 manufacturing employees in an
American assembly plant, thereby indicating that long periods of time spent standing is associated
with the condition.22
Plantar fasciitis is also known to affect people with underlying systemic disease23 and one study has
shown that 16% of people with the condition were subsequently diagnosed with inflammatory
arthritis (e.g. rheumatoid arthritis or gout).24 In addition, heel pain has been reported to affect 31%
of people with reactive arthritis,25 and to be present in 1.3% of patients attending a rheumatology
outpatient clinic.26 However, despite this association with inflammatory arthropathies, most cases of
plantar fasciitis have a mechanical overuse origin that is unrelated to underlying systemic disease
processes.18 This assertion is supported by the relatively high prevalence among factory workers and
military personnel with heavy weightbearing requirements, and is further suggested by
observational studies involving recreational athletes, who are also prone to mechanical overuse
conditions. For example, plantar fasciitis has been shown to account for approximately 8% of
running-related injuries,27 28 and to affect young and otherwise healthy high-school runners, with
one survey finding that 32 of 748 athletic children (4.3%) reported a history of the condition.29
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2.3 Aetiology of chronic plantar heel pain
There has been much speculation in the literature concerning the underlying risk factors associated
with development of CPHP.2 However, a systematic review including 13 case-control studies and 3
case-series reports found evidence for several factors that may predispose people to the condition.3
The most highly associated intrinsic factor that emerged from this review was increased body mass
index (BMI), with one included study showing that obese participants (BMI > 30 kg/m²) were over 5
times more likely than a referent group (BMI < 25 kg/m²) to have inferior heel pain (odds ratio = 5.6,
95% confidence interval = 1.9 to 16.6, P < 0.01).30 Other intrinsic factors with a convincing
relationship to symptoms were increased age (particularly 45 to 60 years) and reduced ankle joint
dorsiflexion. The review authors were unable to draw conclusions regarding static foot posture and
dynamic foot motion due to conflicting findings and poor methods in several included studies.
However, as suggested previously, a history of occupational activities involving prolonged periods of
standing was found to be associated with the condition, and was the only extrinsic factor supported
by the review.
2.3.1 Pathogenesis of plantar fasciitis
As described previously in relation to published literature reviews, the most commonly reported
underlying cause of CPHP is thought to be a localised abnormality of the proximal plantar fascia,
typically known as plantar fasciitis.1 This specific condition is thought to be caused by repetitive
longitudinal strain pulling the plantar fascia past a critical limit, thereby leading to mechanical
overload and subsequent tissue damage.2 This biomechanical explanation is supported by the
aforementioned risk factors associated with the condition (e.g. obesity and long periods of standing),
and also epidemiological data showing a high prevalence among running athletes and occupations
with heavy weight-bearing requirements.
Furthermore, histological studies investigating underlying tissue changes associated with CPHP have
affirmed that pathology of the plantar fascia is the primary cause of the disorder.31-36 These studies
were typically presented as case-series reports of patients undergoing surgery for recalcitrant CPHP,
and involved microscopic examination of tissue samples taken from the inferior heel. The findings of
these studies indicate a predominance of degenerative changes at the calcaneal enthesis of the
plantar fascia, involving deterioration of collagen fibres, increased secretion of ground substance
proteins (e.g. proteoglycans) (Figure 2.4), and focal areas of fibroblast proliferation with associated
angiogenesis.31-34 The presence of biochemical markers of inflammation (e.g. cytokines and
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prostaglandins) have not been well investigated, although non-specific evidence of inflammation has
occasionally been described by some authors.34-36

Figure 2.4. A longitudinal section of the plantar fascia seen by light microscopy (magnified x 40). The specimen was
obtained from a person undergoing surgery for long-standing heel pain. A indicates two dark stained areas that represent
excessive ground substance within the tissue, B indicates an area of collagen degeneration (a close-up view of this area is
shown on the right side of the figure), and C indicates a tear in the fascia that likely occurred while fixing the specimen for
31

examination, demonstrating the fragile nature of the degenerated tissue. Image adapted from Lemont et al.

Similar to these findings in the plantar fascia, a relative absence of inflammation has also been
reported in the tendinopathy literature.37 Likewise, the precise mechanism of pain in tendinopathy
also remains uncertain.38 Several alternatives to prostaglandin-mediated pain have been suggested
in relation to tendon models, including neurovascular in-growth,39 up-regulation of excitatory
neurotransmitters (e.g. substance P, glutamate and acetylcholine),37-40 and increased presence of
biochemical irritants (e.g. chondroitin sulfate).38 Accordingly, as the fundamental tissue
characteristics of tendon and the plantar fascia are related (i.e. both are dense regular connective
tissue), and as both conditions involve predominantly degenerative processes, the pain mechanisms
suggested for tendinopathy may also be relevant to plantar fasciitis. In particular, the possibility of
neurovascular in-growth occurring in plantar fasciitis will be a key focus of this thesis, and will be
further investigated in relation to diagnostic imaging assessment with Doppler ultrasonography.
The biological mechanisms of tendinopathy have also been described as proceeding through a
spectrum of underlying processes, from an early proliferative phase to chronic tissue degeneration
and disrepair.37 This concept introduces the possibility of differentiating a soft-tissue condition
according to distinct phases. Doing so may allow specific targeting of each phase with a
correspondingly optimised treatment regimen. Considering the aforementioned structural
similarities between tendon and the plantar fascia, it is possible that tissue changes occurring with
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plantar fasciitis may also proceed along a similar progressive pathway. However, in relation to
plantar fasciitis, evidence for this is currently lacking as histological studies have only involved
patients undergoing surgery for long-standing symptoms, and the pathology occurring early in
development is therefore relatively unknown.41 Nonetheless, as tissue changes can also be observed
with diagnostic imaging methods, the concept of staging plantar fasciitis will be further investigated
in subsequent chapters of this thesis.
2.3.2 Subcalcaneal spur formation
Subcalcaneal spur formation has traditionally been attributed to repetitive longitudinal traction of
the plantar fascia,42 causing subsequent inflammation and reactive ossification at the distal aspect of
the calcaneal tuberosity.43 However, recent histological and clinical studies suggest that vertical
compressive forces, rather than longitudinal forces, may play a more important role.43 44 For
example, histological studies have revealed three features of spur formation that are inconsistent
with exposure to excessive longitudinal strain: (i) spur formation can occur in loose connective tissue
deep to the plantar fascia enthesis, (ii) surrounding fibrocartilage may not be aligned with the
direction of traction, and (iii) spur trabeculae commonly forms perpendicular to its long axis (i.e.
vertically when standing) (Figure 2.5).44 In addition to these features, clinical studies have shown
that spur development is unrelated to medial arch height43 and can occur after surgical release of
the plantar fascia,33 thereby indicating that other forces (e.g. vertical compressive forces) are more
likely to be involved.

Figure 2.5. Image A is a lateral radiograph showing the presence of a subcalcaneal spur. The blue box represents the
approximate area shown in Image B, which is a longitudinal view of a subcalcaneal spur seen by light microscopy
(magnified x 100). Within image B, 1 indicates the spur, 2 indicates fibrocartilage at the origin of the plantar fascia, 3
indicates loose connective tissue, and 4 indicates muscle (e.g. flexor digitorum brevis and abductor hallucis). Image A is
45

adapted from Osborne et al and image B is adapted from Li and Muehlman.

44
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The role of subcalcaneal spur formation in the development of CPHP has been debated in
musculoskeletal medicine for several decades.42 46 The basis of this uncertainty is the reportedly high
prevalence of subcalcaneal spur in the asymptomatic population,47 leading to an established view
that the finding has limited diagnostic value.2 However, other reports indicate that the presence of a
subcalcaneal spur is an important finding in relation to heel pain,43 48 which highlights that the
uncertainty surrounding this issue has not been resolved. Because of this uncertainty, the role of
subcalcaneal spur formation in CPHP will be further investigated in this thesis by reviewing
diagnostic imaging studies.
2.4 Diagnosis of chronic plantar heel pain
As described previously (page 10), people with plantar fasciitis typically present with a history of
inferior heel pain made worse by weight-bearing after periods of rest, especially with their first steps
in the morning. Physical examination may reveal pain on palpation of the anterior-medial aspect of
the calcaneus (or proximal plantar fascia), and when combined with a history of morning pain, these
features are usually adequate for a diagnosis of plantar fasciitis.4 However, differential diagnosis of
inferior heel pain should include consideration of other local disorders, including stress fracture of
the calcaneus, entrapment of the calcaneal branch of the lateral plantar nerve, atrophy of the
plantar heel pad and osteomyelitis.4 In addition to these, inferior heel pain can be a manifestation of
several systemic conditions, including various forms of spondyloarthropathy (e.g. reactive arthritis,
ankylosing spondylitis or psoriatic arthritis), and also metastatic disease, Paget’s disease and sickle
cell anaemia.4 49 Referred pain to the plantar heel due to radiculopathy of the S1 spinal segment has
also been reported.4
As shown below in Table 2.1, the various causes of inferior heel pain can usually be distinguished
based on clinical history and physical assessment.4 For example, stress fracture may be evident when
pain is present during medio-lateral compression of the calcaneus, and nocturnal symptoms suggest
the possibility of infection, neuropathy or tumour.4 Symptoms of nerve compression either at the
tarsal tunnel or inferior heel are expected to cause paraesthesia (e.g. burning sensations), and may
be reproduced by percussion of the medial aspect of the heel (known as Tinel’s sign).4 The presence
of bilateral symptoms (affecting approximately 20-30% of sufferers)50 has also been suggested to be
indicative of systemic inflammatory involvement and a reason for further clinical investigation.4 24
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Site and diagnosis
Plantar fascia

Bone

Soft tissue

Distinguishing clinical features

Plantar fasciitis

Morning pain: typical of both idiopathic plantar fasciitis and fasciitis
associated with an underlying inflammatory disease, but not normally a
feature of other causes of inferior heel pain

Enthesopathies

Concurrent back pain and / or a history of inflammatory joint disease.
Bilateral symptoms strongly suggest an underlying spondyloarthropathy (e.g.
Reiter's syndrome, ankylosing spondylitis or psoriatic arthritis)

Calcaneal stress fracture

May occur after excessive or repetitive weight-bearing exercise. Pain may be
vague and relieved by rest. Symptoms may be reproduced by medio-lateral
compression of the calcaneus

Infection

Systemic symptoms such as fever. Nocturnal pain may be present

Tumour

Deep bone pain and / or nocturnal pain

Paget's disease

Bowing of the tibia and bone pain elsewhere

Fat pad atrophy

More common in the elderly. Pain is usually absent when arising in the
morning. Atrophy of the heel pad may be evident

Bursitis

Swelling and erythema of the posterior heel may be present

Nerve entrapment or compression syndromes
Posterior tibial (tarsal
Burning pain that follows the path of the posterior tibial nerve inferior to the
tunnel syndrome)
medial malleolus, radiating into the plantar aspect of the foot and toward the
toes. Symptoms may be reproduced by percussion of the medial aspect of
the heel (Tinel's sign)
Medial calcaneal nerve or
nerve to abductor digiti
quinti

Burning pain and / or paraesthesia in the medial and plantar heel

S1 radiculopathy

Pain radiating down the leg to the heel, with absent or reduced ankle reflex

4

Table 2.1. Differential diagnoses for chronic plantar heel pain (adapted from Buchbinder ).

In addition to clinical tests, diagnostic imaging may be useful in some cases to confirm the diagnosis
of plantar fasciitis (e.g. when considering more invasive treatments), or to rule out bony conditions
such as calcaneal stress fracture.4 Diagnostic imaging has also been widely utilised for research
purposes, leading to a better understanding of the underlying tissue changes associated with the
condition, and also as an objective means of monitoring treatment progress.51 The following section
of this chapter is a comprehensive systematic review investigating diagnostic imaging for CPHP.
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2.5 Diagnostic imaging for chronic plantar heel pain: a systematic review and meta-analysis
2.5.1 Project rationale
As previously mentioned (in section 2.4), diagnostic imaging has been used by many researchers and
practitioners to investigate the involvement of specific anatomical structures in CPHP. Imaging
modalities used include ultrasonography and magnetic resonance imaging (MRI) for investigation of
soft tissue structures (e.g. the plantar fascia) and plain film x-rays for bone abnormalities (e.g. heel
spur). These observations help to explain the underlying pathology of the disorder, and are of
benefit in forming an accurate diagnosis and targeted treatment plan. Additionally, these studies
may also provide objective data by which to measure the effect of current and future treatments.
Prior to beginning the project presented in this section of the thesis, one published article had
attempted to critically review diagnostic imaging studies for plantar fasciitis.52 However, this review
had a broad scope including both assessment and treatment studies, and did not include all available
diagnostic imaging research. Furthermore, the review presented only a limited overview of study
findings and did not investigate other potential causes of CPHP (e.g. heel spur). Therefore, a
comprehensive systematic review was undertaken to investigate the diagnostic imaging features
associated with CPHP, incorporating quantitative analysis methods where appropriate.
2.5.2 Project presentation
This project will be presented as a single manuscript within the following pages. Within the
manuscript, several references are made to additional data files which contain extra information
related to the review methodology and the processing of the included studies. For completeness,
these additional files have been presented in consecutive order after the main text (commencing on
page 38).
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2.5.3 Project manuscript
This project was published in the Journal of Foot and Ankle Research in November 2009. A copy of
the published article is presented in Appendix 6.1 (page 137). The publication details are as follows:
McMillan AM, Landorf KB, Barrett JT, Menz HB, Bird AR. Diagnostic imaging for chronic plantar heel
pain: a systematic review and meta-analysis. Journal of Foot and Ankle Research 2009; 2:32
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2.5.3.1 Abstract
Background
Chronic plantar heel pain (CPHP) is a generalised term used to describe a range of undifferentiated
conditions affecting the plantar heel. Plantar fasciitis is reported as the most common cause and the
terms are frequently used interchangeably in the literature. Diagnostic imaging has been used by
many researchers and practitioners to investigate the involvement of specific anatomical structures
in CPHP. These observations help to explain the underlying pathology of the disorder, and are of
benefit in forming an accurate diagnosis and targeted treatment plan. The purpose of this systematic
review was to investigate the diagnostic imaging features associated with CPHP, and evaluate study
findings by meta-analysis where appropriate.
Methods
Bibliographic databases including Medline, Embase, CINAHL, SportDiscus and The Cochrane Library
were searched electronically on March 25, 2009. Eligible articles were required to report imaging
findings in participants with CPHP unrelated to inflammatory arthritis, and to compare these findings
with a control group. Methodological quality was evaluated by use of the Quality Index as described
by Downs and Black. Meta-analysis of study data was conducted where appropriate.
Results
Plantar fascia thickness as measured by ultrasonography was the most widely reported imaging
feature. Meta-analysis revealed that the plantar fascia of CPHP participants was 2.16 mm thicker
than control participants (95% CI = 1.60 to 2.71 mm, P < 0.001) and that CPHP participants were
more likely to have plantar fascia thickness values greater than 4.0 mm (OR = 105.11, 95% CI = 3.09
to 3577.28, P = 0.01). CPHP participants were also more likely to show radiographic evidence of
subcalcaneal spur than control participants (OR = 8.52, 95% CI = 4.08 to 17.77, P < 0.001).
Conclusions
This systematic review has identified 23 studies investigating the diagnostic imaging appearance of
the plantar fascia and inferior calcaneum in people with CPHP. Analysis of these studies found that
people with CPHP are likely to have a thickened plantar fascia with associated fluid collection, and
that thickness values > 4.0 mm are diagnostic of plantar fasciitis. Additionally, subcalcaneal spur
formation is strongly associated with pain beneath the heel.
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2.5.3.2 Background
Chronic plantar heel pain (CPHP) is a generalised term used to describe a range of undifferentiated
conditions affecting the plantar heel. Clinical features are typically described as chronic pain beneath
the heel, made worse by weight-bearing after prolonged periods of rest.4 Plantar fasciitis is reported
as the most common cause of CPHP2 and the terms are frequently used interchangeably in the
literature.3 CPHP is also associated with inflammatory conditions such as spondyloarthritis,53 though
the majority of cases are unrelated to systemic disease.24
The epidemiology of CPHP in the general population is currently uncertain. An Australian populationbased study involving 3,206 randomly selected participants has reported a heel pain prevalence of
3.6%.14 American studies estimate that 7% of older adults report tenderness beneath the heel,17 and
that 1 million physician consultations per year are for the diagnosis and treatment of plantar
fasciitis.18 Plantar fasciitis is also estimated to account for approximately 8% of all running-related
injuries.27 28
Diagnostic imaging has been used by many researchers and practitioners to investigate the
involvement of specific anatomical structures in CPHP. Imaging types used include ultrasonography
and magnetic resonance imaging (MRI) for investigation of soft tissue structures (e.g. the plantar
fascia) and plain film x-rays for bone abnormalities (e.g. heel spur). These observations help to
explain the underlying pathology of the disorder, and are of benefit in forming an accurate diagnosis
and targeted treatment plan. Additionally, these studies provide objective criteria by which to
measure the effect of current and future treatments.
At the time of writing, one published article had attempted to critically review diagnostic imaging
studies for plantar fasciitis.52 However, this review had a broad scope including both assessment and
treatment studies, and did not include all available diagnostic imaging research. Furthermore, the
article presented only a limited overview of study findings and did not investigate other potential
causes of CPHP (e.g. heel spur). Therefore, the objective of this systematic review was to investigate
all diagnostic imaging features associated with CPHP and evaluate study findings by meta-analysis
where appropriate.
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2.5.3.3 Methods
Methods - search strategy and eligibility criteria
A systematic review was conducted using the following bibliographic databases: Medline, Embase,
CINAHL, SportDiscus and The Cochrane Library. Databases were searched electronically on March
25, 2009 and ‘auto-alerts’ were designed to deliver weekly updates of additional citations until June
30, 2009. A detailed description of the search strategy is available as additional data (File 1, page 38).
Studies included in the review were required to be published in peer-reviewed journals and to
describe original research findings in the English language. Included studies had to report diagnostic
imaging findings in participants with CPHP and compare these findings with an independent control
group. For the purpose of this review, CPHP was defined as chronic pain localised beneath the heel,
made worse by weight-bearing after prolonged periods of rest.4 This definition was used to
encompass a variety of clinical diagnostic terms such as plantar fasciitis, plantar heel pain and heel
spur syndrome. Studies included in this review were required to either describe the signs and
symptoms of participants as being consistent with this definition, or to state a diagnosis known
primarily by these clinical features (e.g. clinical diagnosis of plantar fasciitis).
Studies in which comparisons were exclusively made between the symptomatic and asymptomatic
feet of participants with unilateral CPHP were excluded. This decision was based on evidence that
the asymptomatic foot of people with unilateral CPHP may demonstrate osseus48 and soft tissue54 55
abnormalities when compared to people without CPHP. Studies exclusively investigating diseasespecific cohorts (such as autoimmune disease and diabetes mellitus), neurovascular abnormalities,
plantar fibromatosis and biomechanical variables were also excluded. Plantar heel pad investigations
were excluded because they were considered to relate more to risk factors associated with CPHP
rather than the identification of underlying pathology. All citations generated by the search strategy
were examined by two assessors according to the criteria described above.
Methods - assessment of methodological quality and diversity
Methodological quality was assessed by two authors (AMcM and JTB) who were blinded to author
and publication details. The assessment tool used for this process was a modified version of the
Quality Index originally described by Downs and Black.56 A detailed description of the quality
assessment tool is available as additional data (File 2, page 39).
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Outcome data and information regarding the overall study design, subject characteristics and
imaging techniques were obtained by two authors (AMcM and JTB) with use of a standardised data
extraction form. Studies were grouped according to commonly reported imaging features (e.g.
plantar fascia thickness) and then by imaging modality (e.g. ultrasonography). The clinical and
methodological diversity between studies was assessed to determine the appropriateness of pooling
data for meta-analysis. Factors considered important for comparison included the mean age, sex
distribution, mean BMI and comorbidity of both condition and control groups. The clinical
characteristics of the condition group, technical imaging equipment used and outcome
measurement techniques were also compared. Two authors (AMcM and KBL) compared studies
according to these features and reached consensus on the appropriateness of progressing to metaanalysis.
Methods - data analysis
All data analyses were performed by use of Review Manager software (RevMan Version 5.0.14.
Copenhagen: The Nordic Cochrane Centre, The Cochrane Collaboration, 2008). Statistical
heterogeneity between studies was assessed by use of I² and Chi² statistics. Values of I² range
between 0% and 100% and describe the percentage of variability across study findings that is due to
heterogeneity rather than chance alone.57 Heterogeneity was considered low if the I² value was 25%
or less, moderate if the value was between 25% and 50%, high if between 50% and 75% and very
high if greater than 75%.58 Chi² was performed with P < 0.1 considered statistically significant due to
the low power of this test in detecting heterogeneity (i.e. to increase the chance of detecting
heterogeneity a higher P value was chosen).57 Meta-analysis occurred by the fixed-effect method
where the I² statistic was less than 50% and the Chi² test indicated a non-significant degree of
heterogeneity (P > 0.1). The random-effect method was used where the I² statistic was greater than
50% and the Chi² test indicated statistically significant heterogeneity (P < 0.1). Meta-analysis by the
random-effect method incorporates heterogeneity into the analysis, resulting in a wider confidence
interval and a more conservative claim of statistical significance.57
Continuous data were analysed by obtaining the mean values, standard deviations (SD) and sample
size for each study within the group. The difference in means and 95% confidence interval (CI) for
each individual study were calculated, and the weighted pooled estimate determined by the inversevariance method. For dichotomous data, the odds ratio (OR) and 95% CI for each individual study
were calculated, and the weighted pooled estimate determined by the inverse variance method.
Sensitivity analysis was performed to exclude studies that did not apply a blinding technique to the
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image assessor. Sub-group analysis was performed for groups containing ten studies or more57 to
compare the pooled estimates of blinded and non-blinded studies. However, formal sub-group
comparisons were not performed for heterogeneous data (I² > 50%, P < 0.1) to reduce the risk of
false positive results.57
Bias within groups containing 10 studies or more was assessed by use of a funnel plot, in which
effect estimates of individual studies are plotted on the horizontal axis against their standard error
on the vertical axis.59 In the absence of bias, effect estimates of smaller studies are scattered at the
lower end of the plot with larger studies clustered centrally towards the top, thereby forming a
symmetrical inverted funnel.60 Absence of effect estimates in the lower corners of funnel plots were
interpreted as evidence of bias, suggesting the difference between groups may be overestimated by
meta-analysis.59
Eligibility criteria, quality assessment procedures and methods of data analysis were specified
prospectively and outlined in an unpublished review protocol.
2.5.3.4 Results
A total 764 citations were identified by the database search process (Additional Data File 3, page 40),
of which 23 studies were included in the review (Additional Data File 4, page 41). The exclusion
grounds for articles rejected after full-text assessment are available as additional data (File 5, page
42).
Quality index scores ranged from 29 to 80% (mean = 55%) demonstrating moderate overall
methodological quality (Additional Data File 6, page 43). The majority of studies provided
inadequate descriptions of control group source populations and characteristics, and only eight
studies45 48 51 54 61-64 applied a blinding technique to the image assessor. Additionally, 11 studies48 54 6163 65-70

included data from both feet of control participants, and 11 studies45 48 54 61 63 65-68 70 71 included

data from both feet of participants with bilateral heel pain. As statistical tests assume that each data
point represents a truly independent observation, inclusion of both feet may result in an artificially
inflated sample size and decreased data variability, thereby increasing the risk of Type I error.72
Despite these limitations, most studies reported predetermined outcome variables, and clearly
described imaging equipment settings and measurement techniques.

27

Results - thickness of the proximal plantar fascia
The thickness of the proximal plantar fascia was reported in 15 studies, 12 of which were measured
by ultrasonography alone,51 54 55 61 64 67-70 73-75 one by ultrasonography and magnetic resonance
imaging (MRI),62 one by MRI alone,66 and one by plain film x-ray.45 A factor considered important for
this outcome was the prevalence of diabetes mellitus within each group, as research has shown a
thickening of the plantar fascia in people with diabetes.76 Only two studies45 61 considered diabetes
as a specific exclusion criterion for condition groups, and only one study61 for the control group.
Results - thickness of the proximal plantar fascia by ultrasonography
The 13 studies reporting plantar fascia thickness by ultrasonography had a mean quality index score
of 56%. Five studies51 54 61 62 64 applied a blinding technique to the image assessor. A description of
the methodological variability between studies is available as additional data (File 7, page 44). As the
protocols and participant characteristics of the studies reporting this outcome were found to be
similar, meta-analysis was considered appropriate. However, two studies could not be included: one
study70 reported data separately for the medial, central and lateral components of the plantar fascia,
and another study69 did not report the standard deviation of the mean plantar fascia thickness
values.
Eleven studies with a total 379 CPHP participants and 434 control participants were included in this
analysis. Statistical heterogeneity between studies was very high (I² = 95%; Chi² = 199.84, df = 10, P <
0.001), therefore meta-analysis was undertaken using the random-effect method. The mean
difference between groups was statistically significant (P < 0.001), with the proximal plantar fascia of
CPHP participants 2.16 mm thicker than control participants (95% CI = 1.60 to 2.71 mm) (Figure 2.6).
Sub-group analysis revealed a more conservative pooled estimate by studies that applied a blinding
technique to the image assessor. The mean difference between groups for blinded studies was 1.82
mm (95% CI = 1.00 to 2.65 mm, P < 0.001) and for non-blinded studies was 2.47 mm (95% CI = 1.94
to 3.00 mm, P < 0.001) (Figure 2.7). Funnel plot inspection revealed that studies were absent from
the lower left corner of the plot, suggesting that smaller studies reporting less difference between
groups had not been published. However, this distribution was explained by identifying studies on
the plot that applied a blinding technique to the image assessor (Figure 2.8). Non-blinded studies
had smaller sample sizes than the majority of blinded studies, and as a result appeared lower on the
plot. Therefore, the funnel plot distribution illustrates that non-blinded studies reported larger mean
differences between groups than the majority of blinded studies, indicating an overestimation of the
thickness of the plantar fascia in CPHP groups.
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Study or Subgroup
Kamel 2000
Wearing 2007
Karabay 2007
Bygrave1998
Wall 1993
Cardinal 1996
Walther 2004
Genc 2005
Ozdemir 2005
Tsai 2000
Sabir 2005

Condition
Control
Mean Difference
Mean [mm] SD [mm] Total Mean [mm] SD [mm] Total Weight IV, Random, 95% CI [mm]
3.40 [2.45, 4.35]
7.9%
20
0.64
2.4
20
2.06
5.8
2.60 [1.66, 3.54]
7.9%
10
0.6
3.5
10
1.4
6.1
2.62 [1.68, 3.56]
7.9%
18
0.24
2.17
18
2.02
4.79
1.11 [0.35, 1.87]
8.6%
22
0.57
4
17
1.52
5.11
2.10 [1.35, 2.85]
8.6%
20
0.63
3.58
19
1.55
5.68
2.60 [2.06, 3.14]
9.4%
30
0.48
2.6
19
1.13
5.2
2.60 [2.18, 3.02]
9.7%
20
0.53
3.5
20
0.81
6.1
2.60 [2.22, 2.98]
9.8%
30
0.3
3.5
24
0.9
6.1
0.40 [0.14, 0.66]
44 10.0%
0.6
2.5
41
0.6
2.9
2.37 [2.14, 2.60]
66 10.1%
0.43
3.19
1.15 123
5.56
1.70 [1.48, 1.92]
0.4 154 10.1%
3.2
68
0.9
4.9
434 100.0%

379

Total (95% CI)

Mean Difference
IV, Random, 95% CI [mm]

2.16 [1.60, 2.71]

Heterogeneity: Tau² = 0.78; Chi² = 199.84, df = 10 (P < 0.00001); I² = 95%
Test for overall effect: Z = 7.63 (P < 0.00001)

-4

-2
0
2
4
Control Condition

Figure 2.6. Forest plot of studies reporting plantar fascia thickness by ultrasonography.

Condition
Control
Mean Difference
Study or Subgroup Mean [mm] SD [mm] Total Mean [mm] SD [mm] Total Weight IV, Random, 95% CI [mm]
2.1.1 Blinding of image observer
2.10 [1.35, 2.85]
20 17.8%
0.63
3.58
19
1.55
5.68
Wall 1993
2.60 [2.22, 2.98]
30 20.1%
0.3
3.5
24
0.9
6.1
Genc 2005
0.40 [0.14, 0.66]
44 20.6%
0.6
2.5
41
0.6
2.9
Ozdemir 2005
2.37 [2.14, 2.60]
66 20.7%
0.43
3.19
1.15 123
5.56
Tsai 2000
1.70 [1.48, 1.92]
0.4 154 20.7%
3.2
68
0.9
4.9
Sabir 2005
1.82 [1.00, 2.65]
314 100.0%
275
Subtotal (95% CI)

Mean Difference
IV, Random, 95% CI [mm]

Heterogeneity: Tau² = 0.84; Chi² = 155.89, df = 4 (P < 0.00001); I² = 97%
Test for overall effect: Z = 4.33 (P < 0.0001)
2.1.2 No blinding of image observer
Kamel 2000
Wearing 2007
Karabay 2007
Bygrave1998
Cardinal 1996
Walther 2004
Subtotal (95% CI)

5.8
6.1
4.79
5.11
5.2
6.1

2.06
1.4
2.02
1.52
1.13
0.81

20
10
18
17
19
20
104

2.4
3.5
2.17
4
2.6
3.5

0.64
0.6
0.24
0.57
0.48
0.53

20 15.4%
10 15.4%
18 15.4%
22 16.7%
30 18.2%
20 18.8%
120 100.0%

3.40 [2.45, 4.35]
2.60 [1.66, 3.54]
2.62 [1.68, 3.56]
1.11 [0.35, 1.87]
2.60 [2.06, 3.14]
2.60 [2.18, 3.02]
2.47 [1.94, 3.00]

Heterogeneity: Tau² = 0.29; Chi² = 16.74, df = 5 (P = 0.005); I² = 70%
Test for overall effect: Z = 9.17 (P < 0.00001)
-4

4
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Figure 2.7. Forest plot of studies reporting plantar fascia thickness by ultrasonography. Sub-group analysis: blinding versus
no blinding of image assessor.

Two studies included in the analysis above54 68 also reported the proportion of participants in each
group with plantar fascia thickness values > 4.0 mm (i.e. the thickness values for participants were
dichotomised). Additionally, one study included in the analysis above64 reported the individual
thickness values for each participant, allowing dichotomisation for the purpose of this review. These
studies included a total 161 CPHP participants and 116 control participants. Statistical heterogeneity
between studies was very high (I² = 85%; Chi² = 13.22, df = 2, P = 0.001), therefore meta-analysis was
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undertaken using the random-effect method. The mean difference between groups was statistically
significant (P = 0.01) with CPHP participants over 100 times more likely than control participants to
have plantar fascia thickness values > 4.0 mm (OR = 105.11, 95% CI = 3.09 to 3577.28) (Figure 2.9).
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Figure 2.8. Funnel plot of studies reporting plantar fascia thickness by ultrasonography. Sub-group analysis: blinding versus
no blinding of image assessor.

Study or Subgroup
Cardinal 1996
Tsai 2000
Wall 1993
Total (95% CI)

Condition
Control
Events Total Events Total Weight
15
113
14

19
123
19
161

0
0
6

30
66
20

Odds Ratio
IV, Random, 95% CI

Odds Ratio
IV, Random, 95% CI

210.11 [10.62, 4157.46]
31.0%
31.6% 1437.67 [82.90, 24932.12]
6.53 [1.61, 26.47]
37.5%

116 100.0%

105.11 [3.09, 3577.28]

6
142
Total events
Heterogeneity: Tau² = 8.14; Chi² = 13.22, df = 2 (P = 0.001); I² = 85%
Test for overall effect: Z = 2.59 (P = 0.010)

0.001
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1000
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Figure 2.9. Forest plot of ultrasonography studies reporting proximal plantar fascia thickness values > 4.0 mm.

Results - thickness of the proximal plantar fascia by MRI
Two studies measured the thickness of the proximal plantar fascia by MRI. One study62 applied a
blinding technique to the image assessor and had a quality index score of 70%, the other66 did not
blind the image assessor and had a quality index score of 43%. A description of the methodological
variability between studies is available as additional data (File 8, page 45). As the protocols and
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participant characteristics of the studies reporting this outcome were found to be similar, metaanalysis was considered appropriate.
Two studies with a total 78 CPHP participants and 163 control participants were included in this
analysis. Statistical heterogeneity between studies was very high (I² = 93%; Chi² = 13.50, df = 1, P <
0.001), therefore meta-analysis was undertaken using the random-effect method. The mean
difference between groups was statistically significant (P < 0.001), with the proximal plantar fascia of
CPHP participants 3.35 mm thicker than control participants (95% CI = 1.80 to 4.89 mm) (Figure
2.10). The blinded study reported a more conservative difference between groups (2.60 mm, 95% CI
= 2.28 to 2.92 mm) than the non-blinded study (4.18 mm, 95% CI = 3.40 to 4.96 mm).

Study or Subgroup
Sabir 2005
Berkowitz 1991
Total (95% CI)

Condition
Control
Mean Difference
Mean [mm] SD [mm] Total Mean [mm] SD [mm] Total Weight IV, Random, 95% CI [mm] Blinding?
5.6
7.4

1.3
1.17

68
10

3
3.22

78

0.5
0.44

154
9

52.6%
47.4%

2.60 [2.28, 2.92]
4.18 [3.40, 4.96]

163 100.0%

3.35 [1.80, 4.89]

Heterogeneity: Tau² = 1.16; Chi² = 13.50, df = 1 (P = 0.0002); I² = 93%
Test for overall effect: Z = 4.24 (P < 0.0001)

Mean Difference
IV, Random, 95% CI [mm]

Yes
No
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Control Condition
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Figure 2.10. Forest plot of studies reporting plantar fascia thickness by MRI.

Results - thickness of the proximal plantar fascia by plain film x-ray
One study45 measured the thickness of the proximal plantar fascia by plain film x-ray. This study had
a quality index score of 68% and applied a blinding technique to the image assessor. The sagittal
thickness of the plantar fascia was measured from a lateral non-weight bearing radiograph within
5.0mm of the calcaneal insertion. This study reports a statistically significant mean difference
between groups, with the plantar fascia of CPHP participants 2.4 mm thicker than control
participants (P < 0.001). The 95% CI for the difference between groups was not reported.
Results - ultrasound echogenicity and MRI signal intensity of the proximal plantar fascia
Four studies reported the echogenicity (presence or absence of fluid collection) of the proximal
plantar fascia.51 54 68 75 The mean quality index score was 60%, and two studies51 54 applied a blinding
technique to the image assessor. A description of the methodological variability between studies is
available as additional data (File 9, page 46). As the protocols and participant characteristics of the
studies reporting this outcome were found to be similar, meta-analysis was considered appropriate.
Four studies with a total 209 CPHP participants and 146 control participants were included in this
analysis. Statistical heterogeneity between studies was low (I² = 0%; Chi² = 0.20, df = 3, P = 0.98),
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therefore meta-analysis was undertaken using the fixed-effect method. The mean difference
between groups was statistically significant (P < 0.001) with CPHP participants over 200 times more
likely to demonstrate hypoechogenicity of the proximal plantar fascia than control participants (OR =
204.12, 95% CI = 52.00 to 801.28) (Figure 2.11). Sensitivity analysis revealed an increased pooled
estimate after exclusion of the two68 75 non-blinded studies (OR = 211.87, 95% CI = 28.53 to 1573.54,
P < 0.001).

Study or Subgroup
Walther 2004
Genc 2005
Tsai 2000
Cardinal 1996
Total (95% CI)

Condition
Control
Events Total Events Total Weight
18
34
84
16

20
47
123
19
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20
30
66
30

0
0
0
1

Odds Ratio
IV, Fixed, 95% CI

Odds Ratio
IV, Fixed, 95% CI

19.5% 303.40 [13.66, 6739.79]
22.8% 155.89 [8.89, 2734.05]
23.7% 284.52 [17.17, 4715.16]
34.0% 154.67 [14.84, 1612.12]

146 100.0% 204.12 [52.00, 801.28]

1
152
Total events
Heterogeneity: Chi² = 0.20, df = 3 (P = 0.98); I² = 0%
Test for overall effect: Z = 7.62 (P < 0.00001)
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Figure 2.11. Forest plot of studies reporting hypoechogenicity of the proximal plantar fascia.

One study66 reported the MRI signal intensity (presence or absence of fluid collection) of the
proximal plantar fascia. This study had a quality index score of 43% and did not apply a blinding
technique to the image assessor. Increased signal intensity was observed in the region of fascia
thickening for CPHP participants, compared with homogenous low signal intensity of the plantar
fascia in all control participants.
Results - evidence of plantar calcaneal spur
Seven studies reported evidence of plantar calcaneal spur by plain film x-ray.42 45 47 48 63 65 77 The mean
quality index score was 58% and only three studies45 48 63 applied a blinding technique to the image
assessor. A description of the methodological variability between studies is available as additional
data (File 10, page 47). As the protocols and participant characteristics of the studies reporting this
outcome were found to be similar, meta-analysis was considered appropriate.
Seven studies with a total 322 CPHP participants and 749 control participants were included in this
analysis. Statistical heterogeneity between studies was high (I² = 74%; Chi² = 23.25, df = 6, P < 0.001),
therefore meta-analysis was undertaken using the random-effect method. The mean difference
between groups was statistically significant (P < 0.001) with CPHP participants over 8 times more
likely to show evidence of subcalcaneal spur than control participants (OR = 8.52, 95% CI = 4.08 to
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17.77) (Figure 2.12). Sensitivity analysis revealed an increased pooled estimate after exclusion of the
four42 47 65 77 non-blinded studies (OR = 16.11, 95% CI = 7.09 to 36.60, P < 0.001).

Figure 2.12. Forest plot of studies reporting evidence of plantar calcaneal spur by plain film x-ray.

One study69 reported evidence of subcalcaneal spur by ultrasonography. This study had a quality
index score of 43% and did not apply a blinding technique to the image assessor. A variable
frequency (5-10 MHz) linear array transducer was used to assess the heels of 190 CPHP and 48
control participants. The presence of subcalcaneal spur was a subjective observation found in 45% of
CPHP participants and only 2% of control participants.
Results - radioisotope uptake and vascular perfusion of the proximal plantar fascia
Three studies reported the presence of increased radioisotope uptake within the subcalcaneal
region in participants with CPHP.48 77 78 The mean quality index score was 45% and one study48
applied a blinding technique to the image assessor. Meta-analysis of data from these studies was not
found to be appropriate as one study did not report the control group sample size,48 and another did
not report the phase (early or delayed) in which scintigraphic images were assessed.77 Participant
characteristics of condition78 and control48 groups were also poorly reported. All three studies
reported increased subcalcaneal uptake of technetium-99m methylene diphosphonate in
participants with CPHP compared to control groups (Figure 2.13), though no statistical comparisons
were made.
One study described the degree of vascular perfusion within the proximal plantar fascia by use of
power doppler ultrasound.75 This study had a quality index score of 47% and did not apply a blinding
technique to the image assessor. Doppler ultrasound with a pulse-repetition frequency of 1102 Hz
was used to grade the colour signal of the proximal plantar fascia. This study reported moderate to
marked hyperaemia of the proximal plantar fascia in 8 of 20 CPHP participants, and only mild
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hyperaemia in 1 of 20 control participants. The difference between groups was not statistically
analysed, however the authors report a statistically significant correlation between hyperaemia and
symptom duration of less than six months (Spearman r = -0.68, P < 0.05).
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Figure 2.13. Forest plot of studies reporting increased subcalcaneal radioisotope uptake. *Control group sample size not
reported.

2.5.3.5 Discussion
The objective of this systematic review was to investigate the diagnostic imaging features associated
with CPHP and evaluate study findings by meta-analysis where appropriate. The majority of studies
provided inadequate descriptions of control group characteristics and only a small proportion
applied a blinding technique to the image observer. Furthermore, by including data from both feet
of participants, the sample sizes of approximately half the studies were inappropriately inflated.
While the clinical signs and symptoms of CPHP participants were similarly described across the
studies, various diagnostic terms have been used, including plantar fasciitis, painful heel syndrome
and inferior calcaneal spur syndrome.
The studies included in this review describe a fusiform thickening of the plantar fascia close to the
calcaneal enthesis, with associated fluid collection and increased vascularity. These findings suggest
that many patients with chronic pain beneath the heel are likely to have plantar fasciitis, and that
changes in the thickness of the plantar fascia may be particularly useful in diagnosing the condition.
For example, plantar fascia thickness values greater than 4.0 mm have previously been used to form
a case definition in plantar fasciitis research.62 This reference value is supported by the data analysis
of this review, though the threshold value of 4.0 mm relates only to measurement by
ultrasonography.
Plantar fascia thickness values have also been used to measure the effect of treatments. For
example, corticosteroid injection has been shown to significantly reduce plantar fascia thickness as
early as two weeks79 and one month51 following treatment. Additionally, one of these studies51
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reports a statistically significant correlation between decreased plantar fascia thickness and
improvement in symptoms (Pearson r = 0.61, P < 0.001). The intra-rater reliability of measuring
plantar fascia thickness by ultrasonography has been reported to be very good, with the 95% limits
of agreement ranging from -0.7 mm to 0.5 mm.80 However, the reliability of this technique has not
been examined in detail.
In addition to fascia thickening, areas of hypoechogenicity within the proximal plantar fascia have
also been commonly reported and are strongly associated with CPHP. Sonographic studies have
attributed this feature to the presence of underlying reparative processes, with associated fibre
deterioration and tissue oedema.68 75 Evidence from histopathological studies in plantar fasciitis
support this view, with increased mucoid ground substance, collagen degeneration and
angiofibroblastic hyperplasia the most commonly reported features.46 However, markers of
persistent inflammation such as lymphocyte and macrophage infiltration have been less frequently
reported in the condition.46 This suggests that plantar fasciitis may follow a similar pathological
pathway to that of tendinopathy, where tissue changes are thought to proceed from an early
reactive phase to progressive degeneration.37 46 Imaging studies in tendinopathy provide evidence of
similarity between these conditions, in which tendon appears thickened with focal areas of
hypoechogenicity and increased vascularity.37 81 Furthermore, tendon has been found to respond to
corticosteroid injection in a similar way to the plantar fascia, with one study reporting a significant
reduction in tendon diameter as early as one week following treatment.82 Future longitudinal
research investigating the imaging features and histology of plantar fasciitis would be of great value,
as direct evidence for pathological change over time is currently lacking. This concept has particular
relevance to the management of CPHP, as future interventions may be selected according to
condition chronicity.
The role of subcalcaneal spur in the pathogenesis of CPHP has been questioned in musculoskeletal
medicine for several decades.42 46 The basis of this uncertainty is the reportedly high prevalence of
subcalcaneal spur in the asymptomatic population,47 leading to an emerging view that the finding
has limited diagnostic value.2 However, comparisons to asymptomatic control groups in the
statistical analysis of this review (odds ratio) demonstrate a strong association between CPHP and
the presence of subcalcaneal spur. Inconsistencies in the association between spur formation and
heel pain have not been adequately investigated, but possible explanations include variations in spur
length (i.e. longer spurs may be more symptomatic)42 and concurrent fat pad abnormalities.45 63
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As the majority of studies investigating the presence of subcalcaneal spur used plain film x-ray, the
precise relationships between spur formation and surrounding soft tissue were not reported.
Nonetheless, one study described the location of spurs as being closely associated with the abductor
hallucis and flexor digitorum brevis origins.45 This finding is consistent with evidence from cadaveric
research, in which subcalcaneal spurs are reported to most commonly occur immediately deep to
the plantar fascia enthesis.44
The formation of subcalcaneal spur has traditionally been attributed to repetitive longitudinal
traction of the plantar fascia,42 with subsequent inflammation and reactive ossification.43 However,
recent histological and clinical studies suggest that vertical compressive forces may play a more
important role.43 44 Histological evidence shows that: spur formation can occur in loose connective
tissue, surrounding fibrocartilage may not be aligned with the direction of traction, and spur
trabeculae commonly forms perpendicular to its long axis.44 Additionally, clinical studies have shown
that spur development is unrelated to medial arch height43 and can occur after surgical release of
the plantar fascia.33
In the clinical management of CPHP, diagnostic imaging can provide objective information by which
to either confirm or question the diagnosis of plantar fasciitis. This information can be particularly
useful in cases that do not respond to first-line interventions, or when considering more invasive
treatments (e.g. corticosteroid injection). The presence of a subcalcaneal spur in patients with CPHP
is also likely to be an important finding, though a causal relationship has not been established.
Further research involving the use of MRI and histological techniques is required to better define the
role of spur formation and related bony abnormalities in the development of CPHP.
While this review was designed to be as comprehensive as possible, it is feasible that some studies
that may have been suitable were not identified. In addition, as this review only included studies in
which comparisons were made to asymptomatic control groups, many case-series studies and
individual case reports have not been included. Therefore, the findings of this review are not
exhaustive and do not describe all imaging features associated with CPHP.
2.5.3.6 Conclusions
This systematic review has identified 23 studies investigating the diagnostic imaging appearance of
the plantar fascia and inferior calcaneum in people with CPHP. Analysis of these studies found that
people with CPHP are likely to have a thickened plantar fascia with associated fluid collection, and
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that thickness values > 4.0 mm are diagnostic of plantar fasciitis. Additionally, subcalcaneal spur
formation is strongly associated with pain beneath the heel.
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2.5.3.10 Additional Data File 1: description of search strategy
Database-specific subject terms and truncated keywords were initially sorted into two distinct
concepts: (a) chronic plantar heel pain and (b) diagnostic imaging. Within each concept, subject
terms were searched individually while keywords were combined with the term ‘OR’ into a single
search. Subject terms and keywords within each concept were then combined with the term ‘OR’ to
remove duplicates. Following this, the final search results for the two concepts were combined
together with the term ‘AND’ to form the total yield. This technique was applied to Medline (Table
2.2), Embase and CINAHL. SportDiscus and the Cochrane Library were searched by use of keywords
only, as subject term functions were not available in these databases. Targeted searching of relevant
journals also occurred following bibliographic review of retrieved articles.

a

b

c

1

Subject Term

exp. Fasciitis, Plantar

2

Subject Term

3

Keywords

exp. Heel Spur
Plantar Fasci* [or] Calcaneal Enthes* [or] Calcaneal Periostitis [or] Calcaneodynia [or] Epin Calcanei
[or] Heel Enthes* [or] Heel Pain [or] Heel Syndrome [or] Painful Heel* [or] Subcalcaneal [or] Subcalcaneal [or] Spur

4

Subject Term

exp. Pathology

5

Subject Term

exp. Diagnostic Imaging

6

Subject Term

exp. Magnetic Resonance Imaging

7

Subject Term

exp. Ultrasonography

8

Subject Term

exp. Radiography

9

Subject Term

exp. Tomography

10

Subject Term

exp. Radionuclide Imaging

11

Keywords

Patholog* [or] Image* [or] Imaging [or] Scan* [or] MR* [or] Ultrasonograph* [or] Sonograph* [or]
Echograph* [or] Ultrasound [or] US [or] Doppler [or] Radio* [or] X-Ray* [or] X Ray* [or] XRay* [or]
Tomograph* [or] CT [or] Scinti*

12

Combine

1 [or] 2 [or] 3

13

Combine

4 [or] 5 [or] 6 [or] 7 [or] 8 [or] 9 [or] 10 [or] 11

14

Combine

12 [and] 13

Table 2.2. Medline search strategy: (a) search terms for chronic plantar heel pain (b) search terms for diagnostic imaging
(c) combination of search terms.
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2.5.3.11 Additional Data File 2: description of quality assessment tool
The Quality Index56 is a systematic checklist designed to evaluate the reporting quality, internal
validity and external validity of clinical research articles. When applied to non-randomised studies,
the quality index has been reported to have good test-retest (r = 0.79) and inter-rater (r = 0.77)
reliability.56 The index was adjusted to exclude 12 questions that could not be applied to
observational studies with a case-control design, resulting in the retention of 15 questions (Table
2.3). One question on the reporting of statistical values (Q10) was obtained from an alternative
version of the Quality Index, as described by MacLehose et al.83

1

Is the objective of the study clearly described ?

2

Are the main outcomes to be measured clearly described in the Introduction or Methods section?

3

Are the characteristics of the patients included in the study clearly described?

5

Are the distributions of principal confounders in each group of subjects to be compared clearly described?

6

Are the main findings of the study clearly described?

7

Does the study provide estimates of the random variability in the data for the main outcomes?

10

Have 95% CI's and/or actual p values been reported for the main outcomes, except where the p value is less
than 0.001?

12

Were those subjects who were prepared to participate representative of the entire population from which
they were recruited?

15

Was an attempt made to blind those measuring the main outcomes of the intervention?

16

If any of the results of the study were based on "data dredging", was this made clear?

18

Were the statistical tests used to assess the main outcomes appropriate?

20

Were the main outcome measures used accurate (valid and reliable)?

21

Were the cases and controls recruited from the same population?

22

Were cases and controls recruited over the same period of time?

25

Was there adequate adjustment for confounding in the analyses from which the main findings were drawn?

Table 2.3. Questions included from the Quality Index.
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2.5.3.12 Additional Data File 3: search results by database

Medline

422

EMBASE

431

CINAHL

196

Sport Discus

134

Cochrane Library
Total
Total without duplication

1
1184
764
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2.5.3.13 Additional Data File 4: studies included in the review

Principal
Author

Year

Title

Journal

Akfirat

2003

Ultrasonographic appearance of the plantar fasciitis.

Clin Imaging

Berkowitz

1991

Plantar fasciitis: MR imaging.

Radiology

Bygrave

1998

Diagnosing plantar fasciitis with ultrasound using Planscan.

Foot

Cardinal

1996

Plantar fasciitis: sonographic evaluation.

Radiology

Cetin

2001

Evaluation of chronic plantar fasciitis by scintigraphy and
relation to clinical parameters.

J Musculoskeletal
Pain

Genc

2005

Long-term ultrasonographic follow-up of plantar fasciitis
patients treated with steroid injection.

Joint Bone Spine

Gibbon

1999

Ultrasound of the plantar aponeurosis (fascia).

Skeletal Radiol

Hall

1996

Magnetic resonance imaging in the evaluation of heel pain.

Orthopedics

Kamel

2000

High frequency ultrasonographic findings in plantar fasciitis
and assessment of local steroid injection.

J Rheumatol

Karabay

2007

Ultrasonographic evaluation in plantar fasciitis.

J Foot Ankle Surg

O'Duffy

1998

Foot pain: specific indications for scintigraphy.

Br J Rheumatol

Osborne

2006

Critical differences in lateral X-rays with and without a
diagnosis of platar fasciitis.

J Sci & Med in
Sport

Ozdemir

2005

Sonographic evaluation of plantar fasciitis and relation to body
mass index.

Eur J Radiol

Prichasuk

1994

The relationship of pes planus and calcaneal spur to plantar
heel pain.

Clin Orthop

Sabir

2005

Clinical utility of sonography in diagnosing plantar fasciitis.

J Ultrasound Med

Tsai

2000

Ultrasound evaluation of plantar fasciitis.

Scand J
Rheumatol

Turgut

1999

The relationship of heel pad elasticity and plantar heel pain.

Clin Orthop

Vohra

2002

Ultrasonographic evaluation of plantar fascia bands. A
retrospective study of 211 symptomatic feet.

J Am Podiatr Med
Assoc

Wainwright

1995

Calcaneal spurs and plantar fasciitis.

Foot

Wall

1993

Ultrasound diagnosis of plantar fasciitis.

Foot Ankle

Walther

2004

Power Doppler findings in plantar fasciitis.

Ultrasound Med
Biol

Wearing

2007

Plantar fasciitis: are pain and fascial thickness associated with
arch shape and loading?

Phys Ther

Williams

1987

Imaging study of the painful heel syndrome.

Foot Ankle
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2.5.3.14 Additional Data File 5: exclusion grounds for articles rejected after full-text assessment

1
2
3
4
5
6
7
8
9
10

Principal Author
Breunung
Buchbinder
Chigwanda
Chundru
Cosentino
Cosentino
Falsetti
Frater
Grasel
Groshar

Year
2008
2002
1997
2008
2001
2004
2003
2006
1999
2000

Grounds for Exclusion
Single case report
No imaging comparison to independent control group
No imaging comparison to independent control group
Comparison of patients with and without muscular atrophy
No imaging comparison to independent control group
No imaging comparison to independent control group
Disease specific cohort
No imaging comparison to independent control group
No imaging comparison to independent control group
Comparison to asymptomatic foot only

11
12
13
14
15
16
17
18
19
20
21
22

Hammer
Heim
Howells
Intenzo
Kamel
Kane
Kane
Kell
Kier
Koulouris
Levy
Liang

2005
2000
1994
1991
2003
1998
2001
1994
1991
2005
2006
2007

Comparison to asymptomatic foot only
Case reports
Letter and author reply
No imaging comparison to independent control group
Disease specific cohort: seronegative arthropathy
Comparison to asymptomatic foot only
Comparison to asymptomatic foot only
Case reports
No comparative research, graphical descriptions only
No comparative research
No imaging comparison to independent control group
No imaging comparison to independent control group

23
24
25

Maier
McGonagle
Ozdemir

2000
2002
2002

26
27
28
29
30
31
32
33

Rapp
Reinherz
Roger
Sewell
Sorrentino
Tanz
Theodorou
Theodorou

2006
1989
1997
1980
2008
1963
2000
2002

No imaging comparison to independent control group
No imaging comparison to independent control group
No imaging comparison to independent control group
No imaging comparison to independent control group, not
published in a peer-reviewed journal
No research findings presented
Pictorial review only
No imaging comparison to independent control group
No imaging comparison to independent control group
Various causes of plantar heel pain, including trauma
No imaging comparison to independent control group
No imaging comparison to independent control group

34
35
36

Tsai
Tudor
Uzel

2000
1997
2006

37

Wearing

2004

No imaging comparison to independent control group
No imaging comparison to independent control group
No imaging comparison to independent control group
Unable to verify if imaging results had been published
elsewhere
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2.5.3.15 Additional Data File 6: quality assessment scores
Question
1

2

3

5

6

7

10

12

15

16

18

20

21

22

25

Akfirat65

1

0

1

1

1

1

0

0

0

1

1

0

0

0

1

53

Berkowitz66

1

1

0

0

1

1

0.5

0

0

1

0

1

0

0

0

43

%

67

1

1

0

1

1

1

0.5

0

0

1

1

1

0

0

0

57

Cardinal68

1

1

0

0

1

1

0.5

0

0

1

0

0

0

0

0

37

Cetin77

1

1

0

1

1

n/a

0

0

0

1

0

0

1

0

1

50

51

77

Bygrave

Genc

1

1

0

1

1

1

0.5

0

1

1

1

1

1

0

1

Gibbon69

1

1

0

0

1

0

0.5

0

0

1

1

1

0

0

0

43

Hall71

1

0

1

0

0

n/a

0

0

0

1

0

0

1

0

0

29

Kamel73

1

1

0

0

1

1

0.5

0

0

1

0

1

0

0

0

43

Karabay74

0

1

0

0

1

1

0

0

0

1

0

1

0

0

1

40

O’Duffy

78

1

1

1

0

1

n/a

0
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2.5.3.16 Additional Data File 7: thickness of the proximal plantar fascia by ultrasonography variability between studies
Condition groups ranged in size from 10 to 109 participants, and with the exception of two groups67
69

all included more females than males. The mean age of condition participants was not reported in

three studies,67 73 74 and ranged from 43 to 53 years for the remaining 10 groups. The mean BMI of
condition participants was reported in five studies,51 54 61 62 67 ranging from 24.5 to 34.2 kg/m². All
studies used the term ‘plantar fasciitis’ to describe the diagnosis of condition participants, one
study69 also included ‘inferior calcaneal spur syndrome’ and another study55 ‘plantar heel pain’.
Seven studies51 54 55 67 68 70 74 reported the clinical features of condition participants, all of which
described localised pain at either the medial calcaneal tubercle or plantar fascia origin. The mean
duration of symptoms was reported in three studies,51 54 55 ranging from 9 to 12 months.
Control groups ranged in size from 10 to 77 participants, and with the exception of three groups64 70
74

all included more females than males. The sex distribution in one control group was not

reported.68 The mean age of control participants was not reported in four studies,67 68 73 74 and
ranged from 36 to 49 years for the remaining nine groups. The mean BMI of control participants was
reported in five studies,51 54 61 62 67 ranging from 23.3 to 28.3 kg/m².
Participants from nine studies54 55 61 62 68-70 73 75 were positioned prone with their knees extended and
feet hanging over the edge of the examination table. Three studies51 64 74 did not report participant
position, and participants from one study67 were seated. All studies measured plantar fascia
thickness in a sagittal view with linear array transducers ranging from 5 to 12 MHz. Measurements
were taken in a very similar location across all studies: four studies55 61 64 67 measured fascia thickness
at 5mm distal to either the calcaneal insertion or medial calcaneal tubercle, five studies54 68 70 74 75
near the calcaneal insertion, and four studies51 62 69 73 at the anterior edge of the inferior calcaneal
border.
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2.5.3.17 Additional Data File 8: thickness of the proximal plantar fascia by MRI - variability between
studies
The size of condition groups were 77 participants62 and 8 participants,66 with both groups including
more females than males. The mean age of condition participants was very similar at 45 and 43
years. One study62 reported the mean BMI of condition participants, with a value of 34.2 kg/m². Both
studies used the term ‘plantar fasciitis’ to describe the diagnosis of condition participants, though
neither study reported the mean duration of symptoms.
The size of control groups were 77 participants62 and 5 participants,66 with one group including more
females than males62 and the other only females.66 The mean age of control participants was also
very similar at 42 and 41 years. One study62 reported the mean BMI of control participants, with a
value of 25.0 kg/m².
Both studies used a 1.5-T MRI unit with a superconductive system and extremity coil. Sagittal T1weighted sequences were obtained in both studies with similar repetition (400-600 milliseconds)
and echo times (18-20 milliseconds). Measurements of plantar fascia thickness were taken near the
calcaneal insertion in both studies.
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2.5.3.18 Additional Data File 9: echogenicity of the proximal plantar fascia - variability between
studies
Condition groups ranged in size from 15 to 102 participants and included more females than males.
The mean age of condition participants ranged from 43 to 45 years. The mean BMI of condition
participants was reported in two studies51 54 with values of 24.5 and 28.1 kg/m². All studies used the
term ‘plantar fasciitis’ to describe the diagnosis of condition participants. Three studies reported the
clinical features of condition participants,51 54 68 all of which described heel pain localised to either
the medial calcaneal tubercle or plantar fascia origin. Two studies51 54 reported the mean duration of
symptoms, with values of 12 and 11 months.
The four control groups ranged in size from 15 to 33 participants. Three studies reported the mean
age of control participants,51 54 75 ranging from 41 to 42 years. The same three studies reported the
sex distribution in control groups, all of which included more females than males. The mean BMI of
control participants was reported in two studies,51 54 with values of 28.3 and 23.3 kg/m².
The position of participants during examination was reported in three studies,54 68 75 with participants
placed prone with knees extended. All studies observed the plantar fascia in a sagittal view with
linear array transducers ranging from 7 to 12 MHz, and reported qualitative changes in echogenicity
near the calcaneal insertion.
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2.5.3.19 Additional Data File 10: evidence of plantar calcaneal spur by plain film x-ray - variability
between studies
Condition groups ranged in size from 21 to 82 participants, and with the exception of two groups45 48
all included more females than males. The mean age of condition participants ranged from 45 to 55
years. The mean BMI of condition participants was reported in four studies,47 48 65 77 ranging from
26.3 to 29.2 kg/m². Four studies used the term ‘plantar fasciitis’ to describe the diagnosis of
condition participants, two studies used the term ‘plantar heel pain’ and one study ‘painful heel
syndrome’. Five studies reported the clinical features of condition participants, all of which
described localised pain either beneath the heel, at the medial calcaneal tubercle or plantar fascia
origin. The mean duration of symptoms was reported in two studies48 77 with values of 5.7 and 6.78
months.
Control groups ranged from 15 to 400 participants with more females in three groups,42 65 77 more
males in two groups,45 48 and an equal proportion in one group.47 The sex distribution in one study63
was not reported. Four studies reported the mean age of control participants,42 45 65 77 ranging from
43 to 53 years. The mean BMI of control participants was reported in three studies,47 65 77 with values
from 22.6 to 28.7 kg/m².
X-ray projection was not reported in one study,63 however the remaining six all obtained plain lateral
radiographs for assessment. The presence of subcalcaneal spur was a subjective observation for all
except one study47 in which objective criteria was applied (> 2.0 mm horizontal projection).
Consensus between two independent observers occurred in two studies.42 48

47

2.6 Interventions for plantar fasciitis
This section of the thesis will discuss interventions that are used for the management of plantar
fasciitis, with emphasis on the findings of good quality systematic reviews and randomised
controlled trials. In particular, the rationale for treatment of plantar fasciitis with local corticosteroid
injection will be discussed, and evidence for the clinical effectiveness of this modality compared to
placebo and other treatments will be presented in detail. Prior to these topics, a brief rationale is
presented for focusing this section on treatment of plantar fasciitis rather than other causes of
CPHP, and justification for the terminology used to designate this specific condition will also be
provided.
The systematic review presented in section 2.5 of this thesis found evidence for localised soft-tissue
change involving the proximal plantar fascia to be the most common diagnostic imaging feature
associated with CPHP. This finding is in accordance with the previously described histological studies
(section 2.3.1), and supports existing consensus within the literature, shared by clinicians4 and
researchers1 alike, that plantar fasciitis is the most common cause of inferior heel pain. Therefore, to
define the topic of this thesis more precisely, further investigations into the diagnosis and treatment
of CPHP will be focused exclusively on plantar fasciitis. Furthermore, despite other terminology
providing a more histologically correct description (e.g. plantar fasciopathy), the term ‘plantar
fasciitis’ will continue to designate the condition in this thesis as it is recognised by clinicians and
researchers internationally, and is also a key identifier for indexing within major medical databases
(e.g. Embase and Medline).
As mentioned in the Introduction of this thesis (section 1), the clinical management of plantar
fasciitis usually involves a varied approach according to the severity and duration of symptoms. In
addition to rest and addressing underlying risk factors, a multi-faceted physical therapy program is
widely regarded as the mainstay of treatment for the condition, although there is limited evidence
available to support one intervention over another.4 Nonetheless, a systematic review conducted in
20075 identified 35 blinded randomised trials that investigated the effectiveness of either combined
therapies or single interventions for treatment of the condition. This review concluded that
stretching exercises (particularly of the plantar fascia itself) were effective for reducing inferior heel
pain after 8 weeks, and that foot orthoses were shown to improve function at 3 months when
compared to a sham device. However, there was no evidence to support the use of customised
orthoses when compared to prefabricated orthoses. In addition, foot orthoses were found to
provide no additional pain relief when combined with a stretching program. In contrast, the review
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identified evidence that a cushioning heel pad combined with stretching was more effective for
improving pain when compared to stretching alone. The application of adhesive tape to control
pronation of the foot was also found to effectively reduce morning pain in the short-term (at one
week only).
In addition to conservative therapies for plantar fasciitis, the systematic review identified several
randomised trials that had investigated the effectiveness of extra-corporeal shock wave therapy
(ESWT). In relation to this modality, the authors concluded that lower-quality trials tended to
support the treatment whereas better-quality trials did not. In addition, there was also evidence that
ESWT caused pain during administration and was associated with localised adverse effects (e.g.
swelling and haematoma), leading the authors to suggest that the treatment may not be clinically
worthwhile. Likewise, the review identified only low quality evidence for use of non-steroidal antiinflammatory drugs (NSAIDs), and suggested that well-known adverse effects associated with these
medications (e.g. gastric ulceration) would also prohibit their long-term feasibility. The review did
not identify any randomised trials investigating the effectiveness of surgery, although the authors
commented on a large case-series study (involving 76 people) that suggested an endoscopic fascia
release procedure was associated with less complications compared with traditional open surgery.
Overall, the findings of the systematic review described above are consistent with other reviews on
this topic,1 84 85 86 and are reflected by recommendations made in more clinically focused literature,
including expert opinion articles2 4 and published clinical management guidelines.87 For example, the
Rheumatology edition of the Therapeutic Guidelines,88 prepared by an expert panel of Australian
practitioners, recommends an initial conservative treatment pathway for management of plantar
fasciitis (incorporating activity modification, stretching and mechanical therapies), followed by
pharmacological treatment (e.g. local corticosteroid injection) and surgery for recalcitrant cases. This
thesis will next explore, in greater detail, the literature surrounding the use of corticosteroid
injection for plantar fasciitis, with particular focus on existing randomised controlled trials and
comparisons made with other injected substances.
2.6.1 Corticosteroid injection for plantar fasciitis
As described above, a variety of interventions are used for management of plantar fasciitis, and in
addition to these, local corticosteroid injection is a common choice among clinicians. In 2004, a
survey of 48 American podiatrists (members of the American Academy of Podiatric Sports Medicine)
revealed that 83% of participants recommended corticosteroid injection for treatment of plantar
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fasciitis, of which 23% introduced the intervention soon after development of symptoms and 60%
when early treatments had failed.89 In addition, a recent survey of the American Orthopaedic Foot
and Ankle Society, involving 197 members, showed that 89% of respondents used corticosteroid
injection for plantar fasciitis, although the majority of these also indicated that the treatment was
required in less than 50% of patients with the condition.90 This finding is similar to that of an earlier
survey of American orthopaedic surgeons, where 170 of 233 participants (73%) identified plantar
fasciitis as a condition for which corticosteroid injection was indicated.91 In addition to these surveys
of clinicians, a systematic review including 167 published reports of treatments for plantar heel pain,
found that corticosteroid injection was the second most frequently described treatment for the
disorder (foot orthoses were the most frequent), thereby confirming the widespread use of this
intervention.84
2.6.1.1 Corticosteroid mechanism of action
Despite injection of corticosteroids being a widely described treatment for plantar fasciitis, there is
limited information available regarding the therapeutic mechanism of these agents when used for
this condition. At a fundamental level, naturally occurring corticosteroids (e.g. cortisol and
aldosterone) are 21-carbon steroid hormones synthesized in the adrenal cortex from cholesterol.41 92
These hormones and their synthetic derivatives exert effects on almost every organ system by
alteration of protein and enzyme synthesis, and are considered to have either predominantly
metabolic (glucocorticoid) or electrolyte-regulating (mineralocorticoid) activities.41 In addition to
regulating cellular metabolic activity, glucocorticoids have potent anti-inflammatory effects, and are
therefore used for treatment of various inflammatory and autoimmune diseases.41
In relation to inflammatory musculoskeletal disorders, local corticosteroid (glucocorticoid) injection
is typically used to inhibit synthesis of arachidonic acid from membrane phospholipids, thereby
suppressing prostaglandin-mediated inflammation and pain.41 However, as described previously (in
section 2.3.1), histological studies indicate that plantar fasciitis is predominantly a degenerative
disorder, involving collagen degradation, vascular in-growth, focal areas of fibroblast proliferation,
and increased proteoglycan synthesis leading to tissue oedema.31-34 In the absence of direct
inflammatory processes, alternative mechanisms for pain have been suggested in relation to tendon
models, including up-regulation of excitatory neurotransmitters37-40 and increased presence of
biochemical irritants.38 The action of corticosteroids on these various mechanisms is currently
unclear,93 although as noted above, glucocorticoids have far-reaching effects on the metabolism of
most tissues, and it is therefore feasible that they may regulate these processes.
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Furthermore, in relation to plantar fasciitis, corticosteroids have been shown to directly inhibit
fibroblast proliferation and expression of ground substance proteins (e.g. proteoglycans),37 41 and
these known effects may be of benefit in the condition. Based on similar reasoning, corticosteroids
have been suggested as potentially beneficial for treatment of early-stage tendinopathy, where the
tissue is thought to undergo a period of generalised cellular proliferation.37 In summary,
corticosteroids have various anti-inflammatory and metabolic mechanisms that may either directly
moderate pain associated with plantar fasciitis, or indirectly improve symptoms by reducing tissue
oedema and other underlying proliferative processes.
2.6.1.2 Corticosteroid selection
Several types of corticosteroid are available to clinicians for local injection of musculoskeletal
structures, including (but not limited to) hydrocortisone (cortisol), methylprednisolone,
dexamethasone, betamethasone and triamcinolone. The anti-inflammatory potency of these agents
varies substantially and is usually quantified in relation to the naturally occurring hormone cortisol.
According to this method, methylprednisolone and triamcinolone have 5 times the antiinflammatory potency of cortisol, and dexamethasone and betamethasone have markedly increased
potency, being 25 times that of cortisol (see Table 2.4).41 However, despite pharmacological
differences between corticosteroids, selection of a particular agent varies across clinical disciplines94
and geographic regions,95 with limited evidence available to assist in decision-making. For example,
in relation to treatment outcomes, systematic reviews of randomised trial data have revealed no
difference in clinical efficacy between various corticosteroid types,96 97 suggesting that
pharmacological variation between agents has limited clinical consequence. Nonetheless, when
selecting an injectable corticosteroid for treatment of soft tissue disorders, guidelines in the
rheumatology literature recommend use of an agent with high tissue solubility93 and avoidance of
fluorinated compounds.98 These recommendations are based on reducing potential adverse effects
associated with the intervention, such as soft tissue atrophy, collagen degradation and post-injection
pain, rather than being concerned with clinical efficacy.99 100
When corticosteroids are injected locally (rather than intravenously), duration of action has an
inverse relationship with tissue solubility, with high solubility agents (phosphates) having a shorter
duration of action, and low solubility agents (acetates) a longer duration of action (see Table 2.4).92 93
This is based on uptake of the drug away from the injection site (e.g. via the lymphatic system) which
occurs more rapidly with soluble compounds. Accordingly, high solubility corticosteroids (e.g.
betamethasone phosphate and dexamethasone phosphate) are thought to reduce the risk of
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adverse complications that are caused by prolonged exposure to the drug, such as subcutaneous fat
atrophy and connective tissue degradation.99 100

Relative
potency*

Fluorination

Solubility

Solubility
(% wt/vol)

Onset of action

Betamethasone sodium phosphate
/ acetate suspension

25

Yes

Combination

Unknown

2-24 hours

Dexamethasone sodium
phosphate

25

Yes

Soluble

0.01

2-24 hours

Hydrocortisone acetate

1

No

Slightly soluble

0.002

Variable

Methylprednisolone acetate

5

No

Slightly soluble

0.001

1-5 days

Triamcinolone acetonide

5

Yes

Relatively insoluble

0.0002

Variable

Preparation

93

Table 2.4. Comparison of corticosteroid characteristics (adapted from Speed ). *Hydrocortisone equivalents (per mg). For
example, 1mg betamethasone = 5mg methylprednisolone = 25mg hydrocortisone.

Fluorination of a corticosteroid molecule (i.e. substitution of a carbon atom with fluorine) has been
shown to improve anti-inflammatory (glucocorticoid) action and decrease sodium retaining
(mineralocorticoid) activity, thereby increasing the anti-inflammatory potency of the drug while
reducing systemic side effects.101 Despite these advantages, comparisons of fluorinated versus nonfluorinated corticosteroids have demonstrated various effects by which fluorinated agents increase
collagen degradation,102-104 which can lead to weakening of connective tissue structures such as
tendon and fascia. In support of this association, case-series reports of adverse events following
corticosteroid injection, such as rupture of the plantar fascia, have largely involved the fluorinated
corticosteroid triamcinolone.105 106 However, this drug is also the most insoluble (and therefore
longest acting) injectable corticosteroid available (see Table 4),92 107 and adverse events following use
of shorter-acting fluorinated agents are less frequently reported. With this in mind, it is likely that
injection of a corticosteroid that is both fluorinated and relatively insoluble should be avoided when
treating soft tissue disorders.
In addition to selecting an appropriate corticosteroid type, surveys of clinicians have revealed that
combining a corticosteroid preparation with local anesthetic prior to soft tissue injection is a widely
adopted practice.91 95 108 The reported benefits of this include provision of temporary pain relief after
the injection, dilution of potentially harmful corticosteroid crystals (acetates only), and confirmation
of accurate solution deposit by numbness at the site of pain.109 However, manufacturers of
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methylprednisolone and triamcinolone recommend against mixing with local anaesthetic solutions
due to potential physical incompatibilities.91 In addition, the proposed benefits of mixing are also
mitigated if regional anaesthesia is given (e.g. posterior tibial nerve block prior to heel injection) and
if ultrasonography is used to guide the needle position.
2.6.1.3 Corticosteroid administration techniques
Similar to the considerations described above for selection and preparation of a corticosteroid
agent, variability is also apparent regarding the administration techniques used for plantar fascia
injections. A general recommendation is to mark the point of maximal tenderness on the skin and
then advance the needle via a dorso-plantar approach until contact is made with the calcaneus (to
estimate needle tip location). Following contact with the calcaneus, the needle is withdrawn slightly
prior to infiltration.109 This technique is thought to improve accuracy as the clinician is only required
to estimate the depth of the needle position, rather than considering the needle trajectory in
multiple planes.110 However, infiltration of the plantar fascia and surrounding tissues is known to be
extremely painful for patients,93 111 and the dorso-plantar approach is thought to worsen pain
because the thick plantar skin must first be penetrated.89 109 Alternatively, the needle may be
inserted through the medial aspect of the heel which is thought to slightly reduce pain during
advancement of the needle, although greater clinician skill is required to ensure accurate deposit
when using this approach.110 As opposed to tendon injections where corticosteroid is typically
administrated within the synovial sheath, rather than the tendon itself,99 109 the recommended site
of infiltration for the plantar fascia is within the fascia substance itself.109
The severe pain associated with plantar fascia injection is a widely known drawback associated with
the intervention, leading some to recommend a posterior tibial nerve block prior to the heel
injection.112 However, studies investigating the clinical benefit of this have produced inconsistent
findings. For example, two studies reported no difference in overall procedure comfort between
plantar fascia injections given after tibial nerve blockade, and plantar fascia injections given alone.111
113

Explanations for these counterintuitive findings may include: (i) pain and paraesthesia commonly

occur during a nerve block from contact between the needle tip and nerve fascicle,111 114 and (ii)
successful anaesthesia of the posterior tibial nerve is difficult to achieve, especially within a short
period of time.111 115 In contrast, one study found that a posterior tibial nerve block performed by an
anesthesiologist effectively reduced pain during the plantar fascia injection itself,112 suggesting that
nerve block success is dependent on clinician skill and experience. Furthermore, in comparison to a
landmark-based technique, use of ultrasound-guidance during regional anaesthesia has been shown

53

to reduce the occurrence of paraesthesia and intravascular injection, while improving block onset
time and success rates.114 116 117 Therefore, considering these studies overall, it seems likely that a
posterior tibial nerve block, if performed with precision by an experienced clinician, may effectively
reduce pain associated with plantar fascia injection. Other potentially useful pre-injection modalities
have been described in the literature, including local application of ice or vapo-coolant spray to the
skin,99 although in the case of plantar heel injections, these are unlikely to moderate deep pain
during infiltration.
2.6.1.4 Potential complications of corticosteroid injection
In addition to procedural pain, several complications have been described in association with
corticosteroid injection for plantar fasciitis. These can be considered as either localised or systemic
in nature. Local complications can include skin and soft-tissue infection, osteomyelitis, atrophy of
subcutaneous fatty tissue and rupture of the plantar fascia. Systemic complications and drug
interactions are less common due to the method of administration (i.e. local injection), although
several precautions and contraindications should be considered and these are shown in Table 2.5.
The main adverse effects associated with corticosteroid injection for plantar fasciitis are discussed in
the following sections.
2.6.1.4.1 Local infection
Regarding soft-tissue injections in general, the risk of infection is considered to be low109 and has
been reported to occur in approximately 1/17,000 - 1/40,000 injections.93 108 Nonetheless, to further
minimise infection risk, a rigorous aseptic technique has been recommended (e.g. use of preinjection swabs, sterile apparatus etc.) particularly when injecting close to osseous structures such
as the calcaneus. In addition to these methods, multi-dose vials are considered relatively less safe
compared with single-use ampoules and should therefore be avoided where possible. Furthermore,
if utilising ultrasound guidance, sterile transmission gel and transducer covers should also be used to
prevent infection. Osteomyelitis of the calcaneus would be a particularly serious adverse event
following plantar fascia injection, and it is possible that use of the dorso-plantar approach (described
above in section 2.7.3), where contact is made with the calcaneus to estimate needle tip position,109
may increase the risk of this occurring. However, there does not appear to be any published
evidence supporting the safety of one approach compared to another.
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Absolute contraindications

Reasoning

Hypersensitivity to corticosteroids

Risk of anaphylaxis

Local infection at injection site

Increased risk of deep tissue infection / osteomyelitis

Systemic infection / bacteraemia

Transfer infection

Relative contraindications

Reasoning

Administration of live virus vaccine

Corticosteroids suppress the immune system

History of vasovagal reaction

Risk of syncope

Unstable diabetes mellitus

Increased blood glucose levels

Three corticosteroid injections at site in
previous 12 months

Risk of soft tissue atrophy / rupture

Latent tuberculosis

Infection may be reactivated

History of heart failure

Increased blood pressure (mineralocorticoid effects are more
relevant to non-fluorinated corticosteroids, e.g. methylprednisolone)

Psychiatric disorders

Exacerbated in some cases (cause unknown)

Myasthenia gravis

Increased muscle weakness

Anticoagulation therapy

Increased bleeding

Drug interactions (caution)

Potential effect

Potassium depleting diuretics (thiazide or loop
diuretics)

Glucocorticoid induced hypokalaemia (risk of cardiac arrhythmia)

Potassium sparing diuretics

Effect on serum potassium levels may be reduced

Quinolones (e.g. ciprofloxacin)

Elevated risk of plantar fascia rupture

Warfarin

Increased anticoagulant activity
109 118

Table 2.5. Contraindications, precautions and potential drug interactions for local corticosteroid injection.

2.6.1.4.2 Soft tissue atrophy
Atrophy of subcutaneous fatty tissue has been reported following local corticosteroid administration
and is estimated to occur in less than 1% of injections.100 This complication is more frequently
observed when injections are given superficially, although considering the plantar heel pad is an
important protective structure for gait, it is also relevant when treating plantar fasciitis. Accordingly,
clinicians performing heel injections should consider three methods by which to reduce the risk of
this complication: (i) selection of a corticosteroid with high tissue solubility (e.g. dexamethasone
sodium phosphate), (ii) infiltration of solution deep to the fatty layer, and (iii) application of pressure
to the injection site as the needle is withdrawn (to prevent the injected solution from tracking to
superficial tissues).99 100 Signs of subcutaneous atrophy are thought to appear soon after treatment
and typically resolve without treatment between six and thirty months.100
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2.6.1.4.3 Plantar fascia rupture
Evidence for an association between plantar fascia rupture and corticosteroid injection is currently
limited to case-series reports and rigorous research has not yet been undertaken.4 93 Nonetheless, an
early report involving 300 heel pain patients revealed that only those given a corticosteroid injection
developed plantar fascia rupture.106 The complication rate for plantar fascia rupture has also been
estimated to be as high as 10%.105 However, the risk of rupture described in these studies may be
higher than for current clinical practice, as a relatively insoluble fluorinated corticosteroid was used
(triamcinolone) and most patients underwent multiple injections.92 In support of this assertion, a
recent retrospective review of 120 randomly selected patients with plantar fasciitis has suggested
that combining triamcinolone with dexamethasone sodium phosphate, a highly soluble
corticosteroid, may reduce the risk of the complication. All patients involved in this study received
injections with the same combined corticosteroid preparation. Following injection, clinically
suspected plantar fascia rupture occurred in four patients, with three patients (2.4%) confirmed as
having a plantar fascia tear on MRI.119 It should also be noted that plantar fascia rupture has been
reported as a naturally occurring consequence of plantar fasciitis in the athletic population, with one
study finding that of 18 patients presenting with plantar fascia rupture and a preceding history of
plantar fasciitis, only 4 had previously received corticosteroid injection.120
Overall, the studies described above suggest that plantar fascia rupture in non-athletic populations is
associated with corticosteroid injection, and that the risk of this complication is lower when an
appropriate corticosteroid type is selected. However, as these studies were retrospective in nature
and did not incorporate blinding or comparisons to a control group, the precise relationship
between corticosteroid injection and plantar fascia rupture is currently uncertain and requires
further research. Accordingly, in addition to evaluating the treatment effectiveness, future
randomised trials should also evaluate the safety of this intervention by reporting the incidence of
plantar fascia rupture between comparison groups.
Regarding the consequences of plantar fascia rupture, symptoms are reported to vary in severity and
may include inferior heel and midfoot pain, localised swelling, weakness of the plantar foot and
flattening of the longitudinal arch.106 The condition has been reported to respond favourably to
conservative treatment, which may involve a period of immobilisation with anti-inflammatory
medication, followed by physical therapy and ongoing mechanical support as needed.119 120 As
suggested previously, it is likely that clinicians can lessen the risk of this complication by adopting a
cautious approach when considering corticosteroid injection for plantar fasciitis. Accordingly, clinical
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guidelines recommend selection of a soluble or non-fluorinated corticosteroid (such as
methylprednisolone or dexamethasone),93 98 avoidance of repeat injections where possible109 and
advising patients to avoid impact activities for 3 weeks following injection.120
2.6.1.4.4 Additional precautions for regional anaesthesia
As discussed previously, co-administration of local anaesthetics, either by combining with the
corticosteroid or by provision of regional anaesthesia, is a widely adopted practice associated with
heel injections. Therefore, patients should also be assessed for suitability according to potential local
anaesthetic reactions, and the risks associated with anaesthesia (especially if a posterior tibial nerve
block is given) should also be carefully considered. The most serious of these risks are true
hypersensitivity reactions leading to anaphylaxis and systemic toxicity due to overdose or
intravascular injection.
As a general chemical classification, local anaesthetics are regarded as being either amino-esters or
amino-amides, which has particular relevance when considering adverse reactions. Importantly, the
majority of hypersensitivity reactions occurring due to administration of local anaesthetic are
associated with amino-ester type agents,41 121 and severe allergy to amino-amides is considered
extremely rare.121 Also, several reports of local anaesthetic related reactions have found that
allergies may have occurred from exposure to preservatives contained within the solution (e.g.
methylparaben) rather than the anaesthetic agent itself.121 Therefore, selection of an amino-amide
anaesthetic (e.g. lignocaine, prilocaine or ropivacaine) without preservative is recommended to
reduce the risk of anaphylaxis. However, hypersensitivity to these safer agents is still possible and
clinicians should therefore be prepared to manage the most severe form of allergic reaction.121 The
systemic manifestation of anaphylaxis typically includes urticaria (hives), hypotension, and
bronchospasm with airway oedema causing life threatening breathing difficulty. Clinical intervention
must be immediate and usually involves placing the patient in a reclined position, subcutaneous
administration of adrenaline 1:1000 (e.g. via an auto-injector device), and transfer to hospital by
emergency services for ongoing management.121
In addition to hypersensitivity, systemic toxicity can also occur as a consequence of local anaesthetic
injection especially if administered in close proximity to a major vessel. This is of particular relevance
if performing a posterior tibial nerve block, as the tibial vessels lie immediately adjacent to the target
nerve, thereby increasing systemic absorption.117 Initial toxicity effects (e.g. for lignocaine) include
numbness of the tongue, visual and auditory disturbances, dizziness and muscular twitching.41 121 As
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plasma concentrations of the drug increase, more serious and potentially life threatening effects can
occur, including convulsions, respiratory arrest and cardiovascular depression.41 121 While these
reactions are potentially very serious, the frequency of local anaesthetic toxicity is extremely low
and most cases are due to either overdose or inadvertent intravascular injection (i.e. injection within
a blood vessel).121 Accordingly, the risk of toxicity can be minimised by careful attention to the
maximum safe dose of a particular agent (e.g. 4.5 mg/kg for lignocaine)41 121 and by using techniques
to avoid intravascular injection such as frequent aspiration and ultrasound guidance if available.114 116
121

2.6.1.5 Ultrasound-guided injection technique
As described previously in relation to pain management prior to heel injection, use of an imageguided injection technique (as opposed to reliance on surface landmarks or palpation) can enable
better targeting of anatomical structures during invasive procedures, leading to safer and more
efficacious outcomes.117 Accordingly, ultrasonography performed at the ‘point of care’ by a variety
of clinicians has become increasingly popular as equipment costs have reduced over time.122 123 In
addition to relatively low expenditure requirements, advantages of ultrasound compared to other
modalities include production of high resolution images without exposure to ionising radiation, and
the ability to assess tissues with real-time dynamics.123 124
In relation to corticosteroid injection for plantar fasciitis, an early study investigated the benefits of
image-guidance by using scintigraphy (i.e. three-phase bone scan) to identify the site of radioisotope
uptake, followed by guided injection of the plantar fascia with 40 mg methylprednisolone.125 This
study involved 12 participants who had previously received a landmark-based corticosteroid
injection without improvement of symptoms. Following the guided injection, participants reported
at least 50% reduction in pain (measured by a visual analogue scale) four weeks after the procedure.
The authors concluded that targeting the site of abnormality results in enhanced clinical efficacy,
and they recommended scintigraphy-guided injection in cases where traditional injection procedures
have failed. However, in addition to involving only a small sample size, this study was susceptible to
bias as comparison to a palpation-guided injection technique was not undertaken. It is also possible
that participants responded positively because multiple injections had been administered (i.e. an
accumulative treatment effect). Following this study, a similar case-series report by Kane et al124
utilised ultrasonography to guide plantar fasciitis injections (with 10 mg triamcinolone) for patients
who had not responded to previous un-guided injections. This study had a relatively long two year
follow-up period and found that three of four participants had complete resolution of pain at this

58

time point. The methodological limitations of this study included a small sample and no comparison
to a control group.122
Further research by Kane et al126 addressed some of the shortcomings of previous studies by
randomly allocating 23 participants to receive a corticosteroid injection into the plantar fascia by
one of two methods: (i) a traditional palpation method, or (ii) an ultrasound-guided technique.
Follow-up occurred at approximately 13 weeks and no significant difference between groups was
found for pain levels at this time point, leading the authors to conclude that ultrasound guidance did
not improve clinical outcomes. However, a subsequent study involving 25 randomly-allocated
participants used a similar research design and reported significantly lower pain levels (at two
weeks, two months and twelve months) in participants receiving injection with ultrasound guidance
versus a palpation technique (P < 0.05). This study also reported a recurrence of symptoms at 12
months in 6 of 13 participants in the palpation group but only 1 of 12 participants in the ultrasoundguided group (P < 0.05), leading the authors to conclude that ultrasound guidance was associated
with a longer duration of improvement. One additional study, involving 27 randomly-allocated
participants, compared ultrasound-guided versus palpation-guided corticosteroid injection for
plantar fasciitis.127 However, interpretation of this study is difficult as the authors reported a
significant difference between groups in pain following treatment favouring ultrasound guidance (P
= 0.017), but concluded that this was not statistically significant (despite P < 0.05). The primary
author and journal editor for the paper were contacted to clarify the study results, although no
response had been received at the time of writing this thesis. Furthermore, the mean follow-up time
point for this study was 25.3 months, and considering the self-limiting nature of plantar fasciitis
(where the condition typically resolves within 12 months), it is unlikely that a single corticosteroid
injection would affect symptoms after this duration of time.
Considered overall, studies investigating ultrasound guidance for plantar fascia injections have
several methodological limitations, and when evaluated in relation to these studies alone, the role of
ultrasound guidance during this procedure appears to be inconclusive. The main limitations of these
studies are (i) involvement of very small samples leading to increased risk for Type II error, (ii)
inadequate description of the experience of the clinicians performing injections (i.e. in expert hands,
palpation-guided injection may not differ in accuracy to ultrasound-guided injection), and (iii)
blinding of participants and investigators measuring outcomes was not undertaken, thereby being
open to bias according to perceived advantages of one method versus the other.
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However, despite the poor quality and conflicting findings of the studies described above, a
systematic review that investigated ultrasound guidance for a broad range of intra- and peri-articular
injection procedures found a definite advantage with the modality.128 This review included 11
randomised trials (in addition to six non-randomised trials) comparing ultrasound guidance versus
landmark-based techniques for shoulder, wrist, knee and ankle injections. The authors concluded
that ultrasound guidance reduces time to symptom resolution following intra-articular corticosteroid
injection. However, groups undergoing ultrasound-guided injection did not demonstrate significantly
better pain relief after 6 weeks, suggesting that the modality provides a short-term advantage only.
As described previously, systematic reviews have also investigated ultrasound guidance during a
range of regional anaesthetic procedures, indicating that this technique markedly improves safety
and effectiveness.114 116 129 In addition to these reviews, one study involving 18 blinded participants
has demonstrated an advantage with ultrasound guidance compared to a conventional (landmarkbased) technique during posterior tibial nerve blockade. Participants in this study were randomly
allocated to receive one of the two injection techniques at either the right or left ankle, and the
contralateral ankle was then approached with the alternate technique. The study findings showed
that after a 30 minute time interval, the nerve block was fully effective in 72% of participants using
ultrasound guidance, and only 22% of participants using the landmark-based technique (P < 0.01).
By incorporating better quality evidence from systematic reviews, and interpreting the studies
investigating ultrasound guidance for heel injections with their limitations in mind, it appears that
ultrasound guidance offers a short-term advantage when administering corticosteroid injections for
plantar fasciitis. In addition, current evidence clearly supports the use of ultrasound guidance if
performing a posterior tibial nerve block prior to injection of the plantar fascia. Accordingly, if the
nerve block and plantar fascia injection are considered as one overall procedure, use of ultrasound
guidance would be a logical intervention method with potential benefits for both the patient and
clinician.
2.6.1.6 Effectiveness of corticosteroid injection for plantar fasciitis
2.6.1.6.1 Corticosteroid injection versus placebo injection
Despite the widespread use of corticosteroid injection for plantar fasciitis, only two randomised
controlled trials have tested the effect of this treatment in comparison to placebo.111 130 By using
placebo solution as a comparator, these trials were able to control for potential confounding effects
that cannot be attributed to the pharmacological action of corticosteroids. An early trial by
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Blockey130 in 1956, allocated 19 patients (22 heels) with idiopathic plantar heel pain to receive a
rubber heel pad plus either: (i) local injection with 1 mL of 25 mg/mL hydrocortisone acetate (a low
solubility corticosteroid), or (ii) local injection with 1 mL normal saline. These two substances were
prepared in multi-use vials and labeled as either ‘hydrocortisone suspension’ (the corticosteroid) or
‘hydrocortisone solution’ (the placebo) by the study author. All injections were given by an
orthopaedic registrar who was unaware that only one preparation contained the active drug. For
each patient, the registrar prepared the syringe from one of the two vials by an informal random
process, and concealed the allocated treatment from the author who performed follow-up
assessments. By this method, blinding was applied to all patients and the two clinicians involved in
the study. Treatment success, considered as marked relief of heel pain proceeding to complete cure,
was evaluated at one week and two months following injection.
The results of this small trial showed that at one week, marked pain relief proceeding to complete
cure was present for 4 of 13 (31%) heels in the corticosteroid group, and only 1 of 9 (11%) heels in
the placebo group. At two months following injection, the success rate had increased to 10 of 13
(77%) in the corticosteroid group and 5 of 9 (56%) in the placebo group. However, there were no
statistically significant differences between groups at either time point. These findings led the author
to conclude that while injection therapy plus heel pads were somewhat effective for treatment of
inferior heel pain, there was no advantage with the use of corticosteroid compared to saline.
However, despite not finding any statistically significant difference between the two groups, the
results of this trial should be interpreted with the small sample size in mind, which more than likely
made the trial underpowered to detect clinically worthwhile differences (i.e. the trial was prone to
Type 2 error). Accordingly, this trial indicates that further research involving a larger sample size is
required to determine the effectiveness of corticosteroid injection against placebo, and suggests
that an eight week time point could be important for future studies if a low solubility corticosteroid
is used.
Subsequently, a trial conducted by Crawford et al111 randomly allocated 106 participants with
clinically diagnosed plantar fasciitis to one of four intervention groups: (i) plantar fascia injection
with 25 mg prednisolone acetate (a low solubility corticosteroid) combined with 1 mL lignocaine, (ii)
plantar fascia injection with placebo solution (2 mL lignocaine plain), (iii) tibial nerve blockade
followed by plantar fascia injection with 25 mg prednisolone acetate combined with 1mL lignocaine,
and (iv) tibial nerve blockade followed by plantar fascia injection with placebo solution (2 mL
lignocaine plain). Accordingly, this trial not only evaluated the effectiveness of corticosteroid
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injection for plantar fasciitis, but it also investigated the value of regional anaesthesia for
moderating pain during heel injections. However, by doing so, this trial had reduced statistical
power, as each intervention group only contained 26 or 27 participants after randomisation into the
four groups. As administration of a posterior tibial nerve block prior to heel injection has previously
been discussed in this thesis (incorporating the findings of the Crawford et al111 trial), further
evaluation of this trial will focus on differences between groups that were attributed to the
corticosteroid injection (i.e. corticosteroid versus placebo).
Throughout this trial, all heel injections were performed by a rheumatologist using a landmark-based
medial approach to the plantar fascia. In order to achieve blinding of participants and the
investigators measuring outcomes and performing injections, white dressing tape was applied to the
syringe used for heel injections in order to mask the contents. This was necessary as the
corticosteroid used was an acetate compound which appears opaque when compared to plain local
anaesthetic. The primary outcome for this trial was pain measured by a 10 cm visual analogue scale
at one, three and six months following injection. The statistical methods undertaken for hypothesis
tests were not specified and intention-to-treat analysis was not undertaken despite a large reported
loss to follow-up at three months (25% attrition) and six months (48% attrition).
The primary results of this trial revealed that participants that received corticosteroid injection
exhibited significantly lower pain scores compared to placebo at one month following injection (P =
0.02). The 95% confidence interval for the between-group difference at one month was not
reported. No significant differences in pain between groups were detected at either the three or six
month time points. These findings indicate that corticosteroid injection is an effective short-term
treatment for plantar fasciitis, and that pain relief is likely to dissipate between one and three
months following injection. However, the authors acknowledged that the large loss to follow-up
(and subsequent reduction in statistical power) made it impossible to draw conclusions about the
treatment effectiveness in the long-term. This factor is particularly important considering the
relatively small sample size contained within each of the four groups (either 26 or 27 participants) at
baseline, which was more than halved at the six month time point. Nonetheless, this trial provides
useful information regarding the likely duration of effect following a single corticosteroid injection,
and suggests that measurement of efficacy between one month and three months (e.g. at eight
weeks) could be important for future research.
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By considering evidence from both the trials described above, it appears that corticosteroid injection
is more effective than placebo at one month following treatment, and that the duration of effect
after this time point is relatively unknown and requires further investigation. Furthermore, as both
trials involved relatively low doses of non-fluorinated (and therefore less potent) corticosteroids,41
potential therapeutic advantages of administering higher doses or more potent agents also requires
further investigation.
2.6.1.6.2 Corticosteroid injection versus autologous blood injection
In addition to comparisons made to placebo substances, the clinical effectiveness of corticosteroid
injection for plantar fasciitis has also been tested against injection of autologous blood. The rationale
for this is based on the predominantly degenerative histological changes associated with plantar
fasciitis, and delivery of autologous blood directly into the fascia by injection is thought to assist
tissue repair by stimulating cell activity.131
With this mechanism in mind, one trial randomly allocated 64 participants with plantar fasciitis to
receive a heel injection with either (i) 2.5 mL solution containing 20 mg triamcinolone acetonide with
20 mg lignocaine, or (ii) 2.5 mL solution containing autologous blood combined with 20 mg
lignocaine.131 A blinding technique was not applied to participants or the investigator performing
injections, although outcome measurements (first-step pain at six weeks, three months and six
months recorded by a 10 cm VAS) were undertaken by an investigator unaware of allocations. The
results of this trial indicated a significant difference between groups in first-step pain favouring
corticosteroid injection at six weeks (mean difference = 1.7 cm, P = 0.011) and three months (mean
difference = 2.0 cm, P = 0.005) following treatment. The corticosteroid group also exhibited lower
first-step pain when measured at six months, although the difference between groups at this time
point was not statistically significant (mean difference = 1.2 cm, P = 0.094).
In addition to this trial, a non-randomised study involving consecutively allocated participants has
compared the effectiveness of heel injections given with: (i) 2 mL of triamcinolone (concentration
not given) (n = 25), and (ii) 2 mL of autologous blood (n = 25).132 This study applied a blinding
technique to participants and the investigator performing outcome assessments, and reported the
between group difference for heel pain (measured by a 10 cm VAS) at six months following
treatment. Despite the non-randomised design, and potential for allocation bias, statistical tests
revealed no difference between groups with respect to mean age, BMI or baseline pain scores,
indicating the groups were similar at baseline for these important prognostic factors. The results of
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this study showed that corticosteroid injection was associated with significantly lower pain at followup compared to autologous blood injection (mean between-group difference = 2.0 cm, P < 0.05),
indicating a longer-term treatment effect.
When considered together, these studies provide evidence that a corticosteroid injection is more
effective for relieving heel pain compared to injection with autologous blood in both the short and
longer term. Unexpectedly, the findings of these studies also show a more convincing treatment
effect associated with corticosteroid injection compared to the previously discussed placebo trials.
This suggests that an insoluble fluorinated corticosteroid (i.e. triamcinolone) may provide a more
sustained period of pain relief, and that first-step pain (rather than general heel pain) may be
influenced to a greater extent by the treatment. However, it should also be noted that the two
placebo trials discussed in the previous section incorporated a ‘double-blind’ technique (i.e. blinding
of the participant and assessor), which is likely to have led to a more conservative (yet more robust)
estimate of the treatment effect.
Finally, at the time of writing, the methodological protocol for a randomised trial evaluating
corticosteroid versus platelet rich plasma (PRP) injections for plantar fasciitis had been published.133
PRP is an autologous blood-derived product containing high concentrations of growth factors that
are thought to enhance connective tissue healing. This trial was designed to have relatively high
methodological quality (e.g. incorporating adequate statistical power and participant and assessor
blinding) and will assess between-group differences for up to 52 weeks following treatment. When
published, the results of this trial will be of substantial interest to this topic and will be important for
inclusion into future systematic reviews.
2.6.1.6.3 Corticosteroid injection versus extracorporeal shock wave therapy
The effectiveness of corticosteroid injection for plantar fasciitis has also been investigated in relation
to extracorporeal shock wave therapy (ESWT) as this modality is commonly used for various
musculoskeletal disorders.134 ESWT involves focal administration of a concentrated dose of repeated
acoustic pulses generated by either electrohydraulic, electromagnetic or piezoelectric systems.134 135
The pulses are transmitted to the target structure by applying an electrode to the skin with coupling
gel, and the resultant shock wave is thought to stimulate underlying reparative processes by
inducing local tissue damage.136 Dosage can be either high- or low-energy (less than or greater than
0.12 mJ/mm² respectively) with high-energy doses normally requiring pre-treatment regional
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anaesthesia.135 The financial cost to the patient for ESWT has been reported as relatively high
compared to corticosteroid injection.135
Two randomised trials have investigated the effectiveness of corticosteroid injection versus ESWT
for plantar fasciitis, by comparing changes in heel pain three months following treatment. Both trials
were non-blinded (i.e. participants and investigators were aware of treatment allocations) and
involved corticosteroid injections administered with approximately 5mg betamethasone via a medial
heel approach. However, the shock wave dosages differed between the two trials, with one applying
three low-energy doses at weekly intervals,135 and the other a single high-energy dose following
regional anaesthesia (total ankle block).136 The results of the former trial revealed that corticosteroid
injection was significantly more effective than low-energy ESWT for relieving heel pain at three
months (between-group difference = 2.2 cm VAS, P < 0.0001).135 The latter trial showed that heel
pain values for corticosteroid and high-energy ESWT groups were similar at follow-up, indicating that
both groups improved to a similar extent.136
Interpretation of these findings indicates that compared to low-energy ESWT, corticosteroid
injection effectively reduces heel pain at three months in participants who are aware of their
allocated treatment, and that high-energy ESWT leads to similar clinical outcomes albeit at a higher
financial cost. This conclusion is similar to those arising from a study comparing corticosteroid
injection and ESWT for lateral elbow pain, where corticosteroid injection was also associated with
favourable and more cost-effective clinical outcomes.134 137
2.6.1.6.4 Corticosteroid injection versus foot orthoses and other conservative treatments
Systematic reviews investigating treatments for inferior heel pain1 5 have identified two studies
(available as dissertations) that compared corticosteroid injection to foot orthoses or heel pads. The
first trial involved random allocation of 80 participants into three intervention groups: (i) local
corticosteroid injection alone (20 mg triamcinolone), (ii) foot orthoses alone, and (iii) corticosteroid
injection plus foot orthoses.138 Blinding was not applied to participants or investigators, and
intention-to-treat analysis was not undertaken, indicating that the trial was of low quality. The
results of this trial indicated that when compared to foot orthoses and the combined treatment,
corticosteroid injection alone was associated with significantly lower heel pain at eight and twelve
weeks following treatment (100 mm VAS, weighted mean difference = -45.0 mm, 95% CI = -59.1 to 30.9). However, the difference between groups was reported to diminish over time and no statistical
advantage was detected for any treatment after six months. Contrary to these findings, another
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study compared corticosteroid injection (20 mg triamcinolone) with a viscoelastic heel pad and
reported no difference between groups at one, two and three months following treatment.139
However, the methodological quality of this trial was also very poor as it involved only 17
participants (of which three were lost to follow-up) and did not incorporate blinding, random
allocation or intention-to-treat analysis.
In addition to prospective studies comparing treatments for plantar fasciitis, a retrospective cohort
study has reported patient satisfaction levels for a variety of non-operative interventions, including
corticosteroid injection.140 This study involved 411 patients presenting to an orthopaedic surgeon
over a 10 year period for management of plantar fasciitis. Throughout this period, patients were
asked to rank the effectiveness of various conservative treatments on a five-point ordinal scale
developed by the study author. The results of this process indicated that 74% of participants who
underwent corticosteroid injection ranked the treatment positively, reporting between mild and
excellent improvement in symptoms. Compared to other interventions offered, corticosteroid
injection was also reported as the second most effective treatment (cast-immobilisation being the
first) and was associated with significantly higher satisfaction compared to insoles, heel pads, oral
pain medication, heel cups and use of athletic footwear (P < 0.001). While this study was open to
several confounding influences (e.g. no standardised treatment protocol or follow-up time point,
and likely use of combined treatments) and potential sources of bias (e.g. lack of blinding), it shows
that corticosteroid injection is well regarded by patients with plantar fasciitis and provides an
explanation for the extensive use of this treatment in routine clinical practice.89-91
In comparison to simple conservative treatments for plantar fasciitis, the studies described above
suggest that corticosteroid injection provides substantially greater pain relief in the short- to
medium-term for patients with plantar fasciitis. However, importantly, because of the potential risks
and complications associated with corticosteroid injection (including procedural pain), most
clinicians reserve this intervention for cases that have not responded to an initial period of
conservative management with safer treatments.89 Therefore, from a conceptual standpoint,
comparisons of corticosteroid injection versus more conservative measures (e.g. physical therapies)
have limited generalisability, as routine clinical management of plantar fasciitis typically involves
these treatments at different stages of the condition (i.e. the two treatment types are offered as
complementary rather than alternative options). Considering this, evaluation of the clinical
advantage of corticosteroid injection is best determined in comparison to modalities that are
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associated with a similar level of risk, and that are implemented at an equivalent phase of the
management process (e.g. the aforementioned autologous blood studies).
2.6.1.7 Effect of corticosteroid injection on plantar fascia thickness
As established by the previous systematic review of medical imaging studies (see section 2.5),
fusiform swelling of the plantar fascia is a key diagnostic feature of plantar fasciitis, and increased
thickening (i.e. above 4.0 mm) is strongly associated with heel pain. Similarly, abnormal tissue
thickening is also reported in the tendinopathy literature, and is thought to be the result of
increased secretion of ground substance proteins (e.g. proteoglycans) and subsequent tissue
oedema.37 These underlying changes are considered part of an adaptive response to acute tensile
overload, and tendon thickening is thought to reduce tissue stress by increasing cross-sectional area,
thereby re-distributing tensile force across a wider structure.37 However, it has also been observed
that increased tissue thickening is not a normal feature of tendon adaptation to prescribed loading
regimens (e.g. resistance training exercises),37 141 suggesting that changes in tendon thickness are
indicative of an underlying pathological process rather than normal physiological remodeling. In
relation to plantar fasciitis, abnormal swelling is an easily identified feature of the condition,
therefore if this feature is measured it follows that effective treatments could be observed to have
underlying biological effects in addition to improving subjective (e.g. pain) outcomes.
Accordingly, in addition to patient-reported outcome measurement, monitoring of plantar fascia
thickness (by ultrasonography) has also been undertaken in clinical effectiveness studies as an
objective measurement of underlying tissue improvement (see Figure 3.5). Two such studies have
assessed changes in plantar fascia thickness following corticosteroid injection. The first of these, a
case-series study involving 30 patients, reported significantly reduced plantar fascia thickness at one
month (mean decrease = 1.7 mm, P < 0.001) and six months (mean decrease = 2.3 mm, P < 0.001)
following injection with 20 mg methylprednisolone.51 In addition to this, a significant correlation
between decreased plantar fascia thickness and pain relief was also detected (Pearson r = 0.61, P <
0.001), thereby demonstrating a relationship between tissue swelling and patient symptoms. These
findings are similar to those of another study, where plantar fascia thickness among 25 patients was
shown to decrease significantly as early as two weeks following injection with 7 mg dexamethasone
(mean decrease = 1.5 mm, P < 0.01).79 This study also demonstrated sustained improvement in
plantar fascia thickness in the long-term, with a significantly lower mean thickness value recorded
twelve months following treatment (mean decrease = 1.4 mm, P < 0.01). Furthermore, ultrasoundguided versus palpation-guided injection techniques were also compared in this study, revealing
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significantly lower plantar fascia thickening at twelve months in patients undergoing injection with
ultrasound guidance (between-group difference = 0.9 mm, P < 0.01).
Interpretation of these studies indicates that abnormal swelling of the plantar fascia may be reduced
by local corticosteroid injection, and that pain relief following treatment is accompanied by
underlying tissue improvement. However, a convincing relationship between corticosteroid injection
and reduced tissue swelling has not been established by these studies, as neither involved
comparisons to a control group (i.e. patients with heel pain not given corticosteroid injection);
raising the possibility that observed tissue changes occurred as part of the condition’s natural
course. Furthermore, as the clinicians performing ultrasound assessments knew they were
undertaking measurements following a specific treatment (i.e. they were not blinded), it is possible
that observer bias may have further influenced outcomes. Clearly, a better study design to minimise
such limitations would be a randomised controlled trial.
Accordingly, one randomised trial has been conducted, in which the investigators found a significant
decrease in plantar fascia thickness at 3 and 12 weeks following local injection with botulinum toxin
(P < 0.001).142 In addition to placebo control, this trial also incorporated blinding of participants and
the ultrasound image assessor, and therefore provides compelling evidence that reduced swelling of
the plantar fascia can occur in response to an injected substance, even though that substance was
not a corticosteroid. The studies discussed above support the measurement of plantar fascia
thickness as an objective outcome for future randomised trials and suggest that further exploration
of local corticosteroid effects are necessary in relation to plantar fasciitis.
Finally, interpretation of observed changes in plantar fascia thickness should be undertaken with the
accuracy of the measurement technique in mind. As mentioned previously, measurement of plantar
fascia thickness (by ultrasonography) typically occurs where the fascia crosses the anterior aspect of
the inferior calcaneal border, and the reliability of this technique has not been investigated in detail.
Nonetheless, one study has reported the 95% limits of agreement (intra-rater) to range from -0.7
mm to 0.5 mm, thereby suggesting a good level of accuracy.80 These values indicate that a true
decrease in plantar fascia thickness of -0.5 mm or less might not be detected, and that an observed
decrease of -0.7 mm or less could result from measurement error. Accordingly, when measuring
plantar fascia thickness on an individual level, it is likely that observed thickness changes greater
than -0.7 mm represent true improvement in the condition. This has particular relevance to
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researchers undertaking serial plantar fascia measurements to monitor treatment progress, and
should be incorporated within the interpretation of future studies using this technique.
2.7 Conclusion
This chapter has introduced the typical characteristics of CPHP, including epidemiologic and
underlying biological features, and has explored the condition with particular emphasis on diagnostic
imaging methods. In so doing, this chapter has established that CPHP is a relatively common disorder
particularly affecting middle-aged overweight adults, and that the condition is frequently reported
within occupational and recreational populations that involve heavy weight-bearing activities.
Furthermore, regarding potential underlying conditions, presentation of histological and diagnostic
imaging studies has clearly demonstrated that plantar fasciitis is the primary differentiated cause of
CPHP, albeit with uncertainty regarding the biological pain mechanisms involved. Accordingly, this
chapter has also focused on intervention methods that specifically target plantar fasciitis, and has
shown that corticosteroid injection is one of the most frequently chosen treatments for this
purpose. However, by reviewing the methodology and findings of currently available randomised
controlled trials, significant questions have been raised regarding the quality and extent of scientific
support for this intervention.
Therefore, within the following sections of this thesis, the literature presented in this chapter will be
used to inform the rationale and design of further original investigations. These investigations will
each incorporate rigorous scientific methods to further explore two aspects of plantar fasciitis
previously discussed in this chapter. Firstly, the effectiveness of corticosteroid injection versus
placebo injection for treatment of plantar fasciitis will be investigated by a randomised controlled
trial, and will be the major project presented for this thesis. Secondly, the potential role of vascular
in-growth as a feature of plantar fasciitis will be explored by a case-control study. This study will
utilise power Doppler ultrasonography to identify the presence of localised hyperaemia within the
plantar fascia, and will be reported as the final project of this thesis.
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3. Ultrasound-guided corticosteroid injection for plantar fasciitis: a
randomised controlled trial
3.1 Introduction
As established within the preceding chapter of this thesis, plantar fasciitis is the primary cause of
CPHP and clinical management of the condition commonly involves corticosteroid injection in cases
where more conservative treatments have failed. However, despite widespread use, only two
randomised trials have evaluated the effect of this treatment in comparison to placebo. By using
placebo solution as a comparator under double-blind conditions, these trials were able to control for
several confounding effects, such as: (i) the expectations of participants regarding the treatment
effectiveness (the placebo effect),143 (ii) the tendency of participants to report favourable outcomes
when under observation (the Hawthorne effect),144 and (iii) natural resolution of participant
symptoms over time, which has been shown to occur with plantar fasciitis.1 Accordingly, these trials
currently offer the best available evidence by which to determine the therapeutic value of
corticosteroid injection for treatment of plantar fasciitis. However, as discussed in the previous
chapter (section 2.6.1.6.1), the findings of these trials were restricted by methodological issues such
as insufficient statistical power, thereby leading a recent systematic review to conclude that the
treatment effectiveness has not been sufficiently established.5
Therefore, in order to address this shortcoming, a randomised controlled trial was undertaken to
compare the effect of corticosteroid injection versus placebo injection for treatment of plantar
fasciitis. This trial utilised an image-guided injection technique for delivery of the drug into the
affected tissue. Accordingly, this chapter will present evidence for the pharmacological effect of
corticosteroids in the management of plantar fasciitis.
3.1.1 Questions to be addressed
Two research questions were developed in order to provide a more targeted explanation of the trial
results. The answers to these questions are presented within the chapter summary on page 107.
Question one
Does a single ultrasound-guided corticosteroid injection improve pain associated with plantar
fasciitis over a three month period?
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Question two
As seen by ultrasound assessment, does a single ultrasound-guided corticosteroid injection reduce
plantar fascia swelling over a three month period?
3.1.2 Project presentation
This project will be presented as two individual manuscripts within the following pages. Firstly, a
methodological protocol will describe the trial design and the intervention methods used. This
manuscript will also provide a rationale for key decisions made while planning the project. Following
this, a final manuscript will present the project as a whole, including the trial results and
interpretation of findings in relation to previous research and generalisability considerations.
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3.2 Methodological protocol
The following manuscript contains a detailed description of the trial methodology and provides a
rationale for key decisions made while planning the project. However, please note that as this
manuscript was written prior to commencement of the trial, no images were available by which to
depict the intervention and outcome measurement techniques. Therefore, please refer to the final
manuscript (presented in section 3.3) for photographs and ultrasound images of the procedures
carried out in the trial.
This protocol manuscript was published in the Journal of Foot and Ankle Research in July 2010. A
copy of the published article is presented in Appendix 6.2 (page 149). The publication details are as
follows:
McMillan AM, Landorf KB, Gilheany MF, Bird AR, Morrow AD, Menz HB. Ultrasound guided injection
of dexamethasone versus placebo for plantar fasciitis: protocol for a randomised controlled trial.
Journal of Foot and Ankle Research 2010;3:15
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3.2.1 Abstract
Background
Plantar fasciitis is the most commonly reported cause of chronic pain beneath the heel.
Management of this condition commonly involves the use of corticosteroid injection in cases where
less invasive treatments have failed. However, despite widespread use, only two randomised trials
have tested the effect of this treatment in comparison to placebo. These trials currently offer the
best available evidence by which to guide clinical practice, though both were limited by
methodological issues such as insufficient statistical power. Therefore, the aim of this randomised
trial is to compare the effect of ultrasound-guided corticosteroid injection versus placebo for
treatment of plantar fasciitis.
Methods
The trial will be conducted at the La Trobe University Podiatry Clinic and will recruit 80 communitydwelling participants. Diagnostic ultrasound will be used to diagnose plantar fasciitis and participants
will be required to meet a range of selection criteria. Participants will be randomly allocated to one
of two treatment arms: (i) ultrasound-guided injection of the plantar fascia with 1mL of 4mg/mL
dexamethasone sodium phosphate (experimental group), or (ii) ultrasound-guided injection of the
plantar fascia with 1mL normal saline (control group). Blinding will be applied to participants and the
investigator performing procedures, measuring outcomes and analysing data. Primary outcomes will
be pain measured by the Foot Health Status Questionnaire and plantar fascia thickness measured by
ultrasound at 4, 8 and 12 weeks. All data analyses will be conducted on an intention-to-treat basis.
Conclusion
This will be a randomised trial investigating the effect of dexamethasone injection on pre-specified
treatment outcomes in people with plantar fasciitis. Within the parameters of this protocol, the trial
findings will be used to make evidence-based recommendations regarding the use of corticosteroid
injection for treatment of this condition.
Trial Registration: Australian New Zealand Clinical Trials Registry. ACTRN12610000239066.

74

3.2.2 Background
Plantar fasciitis is the most commonly reported cause of chronic pain beneath the heel.2 4 The
condition is characterised by pain at the calcaneal origin of the plantar fascia, made worse by
weight-bearing after prolonged periods of rest.4 The epidemiology of plantar fasciitis in the general
population is currently uncertain. An Australian population-based study involving 3,206 randomly
selected participants has reported a heel pain prevalence of 3.6%.14 A North American study of
adults aged over 65 years found that 7% had tenderness beneath the heel.17 It has also been
estimated that 1 million physician visits per year in the United States are for the diagnosis and
treatment of plantar fasciitis.18 In addition, the disorder is estimated to account for approximately
8% of all running-related injuries.27 28
The underlying pathology of plantar fasciitis is poorly understood, though the majority of histological
studies report a predominance of degenerative changes at the plantar fascia enthesis. The most
common pathological features are deterioration of collagen fibres, increased secretion of ground
substance proteins, focal areas of fibroblast proliferation and increased vascularity.31-34 The presence
of biochemical markers of inflammation (e.g. cytokines and prostaglandins) have not been well
investigated, however, several studies report non-specific evidence of local inflammatory change.3436

As described in relation to tendinopathy,37 it is feasible that plantar fasciitis is a disorder that

proceeds through a spectrum of underlying processes. However, evidence for histological change
over time is currently lacking, as current studies have only examined specimens obtained from
patients undergoing surgery for long-standing symptoms. Therefore, the underlying pathology
occurring early in the development of plantar fasciitis is currently unknown.
Plantar fasciitis is commonly described in the literature as a self-limiting condition.2 4 This view is
supported by the findings of a systematic review, in which plantar heel pain was found to resolve
over time regardless of treatment type (including placebo).1 Nonetheless, plantar fasciitis can be a
very painful and disabling condition prior to resolution of symptoms, causing a negative impact on
health-related quality of life.6
Many interventions are used for the management of plantar fasciitis5 and corticosteroid injection is a
common choice among clinicians. Surveys of American podiatrists89 and orthopaedic surgeons91 have
reported that approximately 75% of respondents used and/or recommended this intervention. In
addition, a systematic review found that corticosteroid injection is the second most frequently
described treatment for plantar fasciitis in the medical literature.84
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Despite the widespread use of corticosteroid injection for plantar fasciitis, only two randomised
controlled trials have tested the effect of this treatment in comparison to placebo injection.111 130 By
using placebo solution as a comparator, these trials were able to control for potential treatment
benefits not due to the pharmacological action of corticosteroids. One trial compared the effect of
25mg prednisolone mixed with lignocaine versus lignocaine alone (placebo), and found a significant
difference in pain reduction favouring corticosteroid one month after treatment.111 No significant
differences between groups were detected in this trial at either three or six months after treatment.
However, a large proportion of participants were lost to follow-up, so the authors were unable to
make conclusions regarding corticosteroid efficacy in the longer term. An earlier trial compared the
effect of 25mg hydrocortisone versus normal saline (placebo), and found no significant difference in
pain reduction between groups two months after treatment.130 However, this trial had a very small
sample size (19 participants) and was therefore statistically underpowered to detect clinically
worthwhile differences.
The use of ultrasound in clinical practice has become increasingly popular due to decreased
equipment costs, and the ability to perform invasive procedures with better targeting of anatomical
structures.123 Other advantages include the production of high resolution images without exposure
to ionizing radiation, and the ability to assess tissues with real-time dynamics.123 Furthermore, in the
treatment of plantar fasciitis, corticosteroid injection performed with ultrasound guidance has been
shown to produce longer lasting pain relief than injection guided by palpation.79
The findings of existing clinical trials provide some support for the use of corticosteroid injection in
the short-term management of plantar fasciitis.1 4 However, a recent systematic review concluded
that the effectiveness of this treatment has not been sufficiently established,5 indicating that further
research is required. Therefore, the aim of this trial is to investigate the effectiveness of ultrasoundguided corticosteroid injection for treatment of plantar fasciitis over a 12 week period.
3.2.3 Methods
The trial has been registered on the Australian New Zealand Clinical Trials Registry
(ACTRN12610000239066). Recruitment of participants commenced on 3rd June 2010 and is expected
to continue until March 2011.
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Methods - ethical approval
The La Trobe University Human Ethics Committee has approved the trial (Application Number: 09062) and all participants will provide written informed consent prior to enrolment. Ethical standards
will adhere to the National Health and Medical Research Council (NHMRC) National Statement145
and the World Medical Association’s Declaration of Helsinki.146 Publications associated with the trial
will be formatted according to the CONSORT Statement.147
Methods - setting and eligibility criteria
The trial will be conducted at the La Trobe University Podiatry Clinic and will recruit local
community-dwelling participants by multiple newspaper advertisements. Participants will be
required to have a clinical history of pain beneath the heel for at least eight weeks prior to
enrolment, and to report a minimum heel pain magnitude of 20 mm on a 100 mm visual analogue
pain scale. On clinical examination, participants will also be required to report sensitivity to
palpation of the medial calcaneal tubercle and/or the proximal plantar fascia. To confirm the
diagnosis of plantar fasciitis, the dorso-plantar thickness of the plantar fascia will be measured by
ultrasound at a standard location where the fascia crosses the anterior aspect of the inferior
calcaneal border. Participants will be required to have a plantar fascia thickness value of 4.0 mm or
greater.148 Finally, participants will be required to attend the second visit (during which a tibial nerve
block and heel injection will be given) with a friend or family member who is able to provide
transportation from the clinic.
Applicants will be excluded from the study if they have received a corticosteroid injection for plantar
fasciitis within the previous six months, or if they have any of the following: a known hypersensitivity
to lignocaine hydrochloride or corticosteroids, current skin or soft tissue infection near the injection
site, posterior heel pain, current pregnancy, systemic inflammatory disease, diabetes mellitus,
previous local surgery, or a history of local trauma. Applicants will also be excluded if they are unable
to walk household distances without the use of an aid, or if they have commenced any treatment
regimen for plantar fasciitis within four weeks prior to enrolment.
Screening of applicants according to these criteria will occur by a preliminary telephone interview,
followed by clinical examination at the initial visit. After a detailed explanation of the study protocol,
eligible applicants will be invited to participate in the trial. However, prior to enrolment, all
applicants will be assessed for competence to give consent by use of the Evaluation to Sign Consent
(ESC) tool 149. The ESC is specifically designed for use in clinical research and has been shown to have
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good inter-rater reliability (Pearson r = 0.81).150 A range of descriptive characteristics will also be
collected at the initial visit after enrolment (Table 3.1). Participants will then be scheduled to attend
a second appointment (approximately one week later) where baseline measurements will be taken
and the trial intervention performed (Figure 3.1).

Age
Sex
Height
Weight
Body mass index (BMI)
Duration of symptoms
Previous and current treatments

Table 3.1. Descriptive characteristics to be measured at baseline.

Methods - interventions
Participants will be randomly allocated to one of two treatment arms: (i) ultrasound-guided injection
of the plantar fascia with corticosteroid (experimental group), or (ii) ultrasound-guided injection of
the plantar fascia with normal saline (control group). Prior to plantar fascia injection, participants in
both groups will be given an ultrasound-guided posterior tibial nerve block with 2% lignocaine
hydrochloride. All participants will be positioned prone on a treatment table with their knees
extended. Corticosteroid injection will be performed with a 25 gauge (38 mm) needle and a 1 mL
Luer-lock syringe containing 1 mL of 4 mg/mL dexamethasone sodium phosphate. Saline injection
will be performed with a 25 gauge (38 mm) needle and a 1 mL Luer-lock syringe containing 1 mL
normal saline (0.9% sodium chloride). For both injections, the needle will be inserted through the
medial heel perpendicular to the long axis of the ultrasound transducer, and will be advanced under
continuous guidance into the proximal plantar fascia.151 Infiltration will occur near the calcaneal
enthesis in the region of maximal fascia thickening. An aseptic technique will be used for all
injections to minimise infection risk, including use of sterile gloves, sterile transducer covers and
sterile transmission gel. Participants with bilateral plantar fasciitis will have both feet treated (with
their allocated intervention) during a single appointment. Following treatment, participants will be
advised to avoid all running and other high impact activities for at least 2 weeks.
Throughout the initial 8 weeks of enrolment, all participants will be required to complete a daily
stretching program shown to decrease pain associated with plantar fasciitis.152 The stretching
technique requires participants to cross their affected leg over the contralateral knee in a seated
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position, then pull back on the toes until they feel a stretch in the arch of their foot. Participants will
be instructed to repeat the stretch 10 times, with each stretch lasting for 10 seconds. All participants
will be asked to complete the stretching program three times per day and to record their stretching
frequency in a diary.
Methods - randomisation, treatment allocation and blinding
Treatment allocation will be performed according to a computer-generated randomised number
sequence. Allocation will be concealed in a password protected computer file accessible by an
investigator not involved in measuring outcomes (ADM). This investigator will also prepare the
syringe prior to heel injection, thereby ensuring the investigator giving injections, measuring
outcomes and analysing data (AMcM) is blinded throughout the trial duration. As both treatment
solutions (i.e. dexamethasone sodium phosphate and normal saline) appear in the syringe as clear
liquids free from visible particulate matter, the syringe contents will not require masking. This
protocol will also ensure that trial participants are blinded to their treatment allocation.

Figure 3.1. Flow of participants through the study.

Methods - primary outcomes
Primary outcomes will be pain and plantar fascia thickness at 4, 8 and 12 weeks. Pain will be
measured by the foot pain domain of the Foot Health Status Questionnaire (FHSQ), which has been
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shown to have a high degree of internal consistency (Cronbach’s α = 0.88) and test-retest reliability
(intra-class correlation coefficient = 0.86).153 Participants treated for bilateral plantar fasciitis will be
asked to describe symptoms without specific reference to an individual foot (i.e. bilateral pain will be
evaluated as one independent sample). Plantar fascia thickness will be measured by ultrasound at a
standard location where the fascia crosses the anterior aspect of the inferior calcaneal border. This
measurement technique has been shown to have good intra-rater reliability, with the 95% limits of
agreement ranging from -0.7 mm to 0.5 mm.80 Participants treated for bilateral plantar fasciitis will
have thickness measurements taken for each individual foot. However, for bilateral cases, the mean
change in plantar fascia thickness for the two feet will be calculated at each follow-up in order to
evaluate data as one independent sample. Plantar fascia measurements and ultrasound guided
injections will be performed with a variable frequency (10-5 MHz) linear array transducer (Acuson
Aspen, Siemens Medical Solutions, Pennsylvania, USA).
Methods - secondary outcomes
Secondary outcomes will be function, use of oral analgesic medication, and ‘first-step’ pain at 4, 8
and 12 weeks. Function will be measured by the foot function domain of the FHSQ, which has been
shown to have a high degree of internal consistency (Cronbach’s α = 0.85) and test-retest reliability
(intra-class correlation coefficient = 0.92).153 Participants treated for bilateral plantar fasciitis will be
asked to describe foot function without specific reference to an individual foot (i.e. bilateral function
will be evaluated as one independent sample). Use of oral analgesic medication (including
paracetamol, aspirin, opioids and non-steroidal anti-inflammatory drugs) will be recorded at each
visit. ‘First-step’ pain, experienced when initially rising from bed in the morning, will be measured on
a 100mm visual analogue scale. Participants treated for bilateral plantar fasciitis will be asked to
indicate the magnitude of symptoms without specific reference to an individual foot (i.e. bilateral
pain will be evaluated as one independent sample).
Methods - sample size
Prospective sample size calculation indicates a sample of 40 participants per group (i.e. 80 total)
would provide 80% power to detect a minimal important difference of 13 points154 on the pain
domain of the FHSQ (SD = 20, alpha = 0.05, 5% loss to follow-up). The extra precision provided by
covariate analysis was conservatively ignored when performing this calculation.
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Methods - adverse events
Complications and adverse events associated with the intervention (e.g. infection, nerve injury or
plantar fascia rupture) will be recorded in participant files and reported in the final manuscript.
Methods - data analysis
Statistical analyses will be undertaken using SPSS software (version 14.0 or later, SPSS Corporation,
Chicago, IL, USA). Continuous data will be explored for normality using standard tests to satisfy the
assumptions of parametric statistics. All analyses will be conducted on an intention-to-treat basis
and missing follow-up data will be replaced with baseline observations carried forward (BOCF) (i.e.
baseline data will be carried forward in circumstances where follow-up observations are missing). In
comparison to a last observation carried forward (LOCF) approach, BOCF has been shown to provide
a more conservative estimate when analysing the treatment effect of pain-relief medication.155
Continuous outcomes with a normal distribution will be analysed using a linear regression technique
with baseline measurements adjusted for by the analysis of covariance model (ANCOVA).156 If data is
found to be not normally distributed, transformation will be attempted. However, if data is still not
normally distributed after transformation, non-parametric statistical tests will be used. Other data
(nominal or ordinal) will be analysed using appropriate non-parametric statistical tests. Statistical
significance for hypothesis tests will be set at the conventional level of 0.05.
3.2.4 Discussion
Discussion - mode of action
In the treatment of musculoskeletal disorders, corticosteroid injection is typically used to inhibit
synthesis of arachidonic acid from membrane phospholipids, thereby suppressing prostaglandinmediated inflammation and pain.41 However, as described previously, histological studies indicate
that plantar fasciitis is predominantly a degenerative disorder, with limited involvement of chronic
inflammatory processes. Consistent with these findings, absence of inflammation is also reported in
the tendinopathy literature,37 and the precise mechanism of pain in tendinopathy remains
uncertain.38 Several alternatives to prostaglandin-mediated pain have been suggested in relation to
tendon models, including neurovascular in-growth,39 up-regulation of excitatory neurotransmitters
(e.g. substance P, glutamate and acetylcholine),37-40 and increased presence of biochemical irritants
(e.g. chondroitin sulfate).38 The action of corticosteroids on these mechanisms is currently unclear,93
however, corticosteroids have been shown to inhibit fibroblast proliferation and expression of
ground substance proteins.37 41 It is possible that these known effects may be of benefit in the
treatment of plantar fasciitis, as increased fibroblast proliferation and excessive secretion of
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proteoglycans are commonly reported features of the condition. Based on similar reasoning,
corticosteroids have been suggested as potentially beneficial for treatment of early-stage
tendinopathy.37
Discussion - choice of corticosteroid
Selection of a particular corticosteroid agent for local injection varies across disciplines94 and
geographic regions,95 with limited evidence available to assist in decision-making. In relation to
treatment outcomes, systematic reviews of randomised trial data have revealed no difference in
clinical efficacy between various corticosteroid types.96 97 Nonetheless, when selecting a
corticosteroid for treatment of soft tissue disorders, guidelines in the rheumatology literature
recommend use of an agent with high tissue solubility,93 and avoidance of fluorinated compounds.98
When corticosteroids are injected locally, duration of action is inversely related to solubility, with
high solubility agents (phosphates) having a shorter duration of action, and low solubility agents
(acetates) a longer duration of action.92 93 Accordingly, high solubility corticosteroids (e.g.
dexamethasone phosphate) are thought to reduce the risk of post-injection flare and soft -tissue
atrophy.99 100
Fluorination of a corticosteroid molecule improves anti-inflammatory (glucocorticoid) action and
decreases sodium retaining (mineralocorticoid) activity, thereby improving the anti-inflammatory
potency of the drug while reducing systemic side effects.101 Despite these advantages, comparisons
of fluorinated versus non-fluorinated corticosteroids have demonstrated various effects by which
fluorinated agents increase collagen degradation.102-104 In addition, case-series reports of adverse
events following corticosteroid injection, such as rupture of the plantar fascia, have largely involved
the fluorinated corticosteroid triamcinolone.105 106 However, this drug is also the most insoluble (and
therefore longest acting) injectable corticosteroid available,92 107 and adverse events following use of
shorter-acting fluorinated agents are less frequently reported. With this in mind, it is likely that
injection of a corticosteroid that is both fluorinated and relatively insoluble should be avoided when
treating soft tissue disorders.
Accordingly, two corticosteroids were considered for use in this trial: (i) methylprednisolone acetate
(non-fluorinated, moderate acting) and (ii) dexamethasone sodium phosphate (fluorinated, shorter
acting). However, as normal saline solution appears as a clear and colourless liquid, blinding of the
investigator performing the injections was considered unachievable with use of an acetate
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compound. Therefore, dexamethasone sodium phosphate was considered the most appropriate
corticosteroid for use in the trial.
Clinician surveys have revealed that combining corticosteroid and local anesthetic solutions prior to
soft tissue injection is a widely adopted practice.91 95 108 Reported benefits of this include provision of
temporary pain relief, dilution of potentially harmful corticosteroid crystals (acetates only), and
confirmation of accurate solution deposit.109 Despite this common practice, mixing of corticosteroid
solution will not occur in this trial as regional anaesthesia will be performed prior to plantar fascia
injections.
Discussion - plantar fascia thickening
Fusiform thickening of the plantar fascia is a well established feature of plantar fasciitis. According to
a meta-analysis of diagnostic imaging studies,148 people with plantar heel pain are over 100 times
more likely to have an abnormally thickened (> 4.0 mm) plantar fascia compared with asymptomatic
controls (odds ratio = 105.11, 95% confidence interval = 3.09 to 3577.28, P = 0.01). Abnormal
thickening is also reported in the tendinopathy literature, and is thought to be the result of
increased secretion of ground substance proteins (e.g. proteoglycans) and subsequent tissue
oedema.37 These changes are considered a response to acute tensile overload and may lead to
reduced tissue stress by increasing cross-sectional area.37 However, it is also noted that increased
thickening is not a feature of normal tendon adaptation to chronic loading regimens,37 141 thereby
suggesting that changes in tendon thickness are related to abnormal tissue substance.
In response to corticosteroid injection, plantar fascia thickness values have been shown to decrease
significantly as early as two weeks79 and one month51 following treatment. One of these studies also
reported a correlation between decreased plantar fascia thickness and pain relief (Pearson r = 0.61,
P < 0.001).51 However, as neither of these studies made comparisons to a control group, it is possible
that the findings were partly due to the condition’s natural course. Nonetheless, a recent
randomised trial reported a significant decrease in pain and plantar fascia thickness following
injection with botulinum toxin, when compared to placebo injection.142 This evidence suggests that
plantar fascia thickness measurements can provide useful objective data, and may assist in
identifying overall improvement in the condition.
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Discussion - posterior tibial nerve block
Studies investigating the clinical benefit of regional anaesthesia given prior to plantar fascia injection
have produced inconsistent findings. Two trials report no difference in overall procedure comfort
between plantar fascia injections given after tibial nerve blockade, and plantar fascia injections given
alone.111 113 Explanations for these counterintuitive findings include: (i) pain and paraesthesia
commonly occur during a nerve block from contact between the needle tip and nerve fascicle111 114
and (ii) successful anaesthesia of the posterior tibial nerve is difficult to achieve, especially within a
short period of time.111 115 In contrast, one study found that a posterior tibial nerve block effectively
reduces pain during the plantar fascia injection itself.112 Furthermore, in comparison to a landmarkbased technique, use of ultrasound guidance during regional anaesthesia has been shown to reduce
the occurrence of paraesthesia and inadvertent intravascular injection, while improving block onset
time and success rates.114 116 117 With this in mind, we have chosen to perform an ultrasound-guided
posterior tibial nerve block prior to plantar fascia injection.
Discussion - inclusion of stretching program
Combination of placebo treatment and double-blinding will be undertaken to control for
intervention effects not due to the pharmacological action of corticosteroids. Prescription of a
standardised stretching program has been introduced in order to compensate for the presence of a
placebo group, thereby ensuring every participant receives treatment for their condition.
3.2.5 Conclusion
This will be a randomised trial investigating the effect of dexamethasone injection on pre-specified
treatment outcomes in people with plantar fasciitis. It is possible that some aspects of the protocol
will limit the extent to which findings can be generalised to routine clinical settings. Features most
likely to limit external validity include provision of regional anaesthesia, use of an ultrasound-guided
injection technique, and injection of plain corticosteroid solution (without mixing). Nonetheless, this
trial will provide high quality evidence for the pharmacological effect of corticosteroids in the
treatment of plantar fasciitis. Furthermore, within the parameters of this protocol, the trial findings
will be used to make evidence-based recommendations regarding the use of corticosteroid injection
for treatment of this condition.
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3.3 Final manuscript
The following manuscript contains the trial results and interpretation of the findings in relation to
previous research and generalisability considerations. This manuscript was published in the British
Medical Journal in May 2012. The peer review process for this manuscript is presented as Appendix
6.3 (page 158). Copies of the published articles (a summary document and the full manuscript) are
presented in Appendix 6.4 (page 178). The publication details are as follows:
McMillan AM, Landorf KB, Gilheany MF, Bird AR, Morrow AD, Menz HB. Ultrasound guided
corticosteroid injection for plantar fasciitis: randomised controlled trial. British Medical Journal 2012;
344: e3260
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3.3.1 Abstract
Objective
To investigate the effectiveness of ultrasound-guided corticosteroid injection for treatment of
plantar fasciitis.
Design
Randomised, investigator and participant blinded, placebo-controlled trial.
Setting
La Trobe University, Melbourne, Australia.
Participants
82 people with clinical and ultrasound diagnosis of plantar fasciitis unrelated to systemic
inflammatory disease.
Interventions
Participants were randomly allocated to one of two treatments: (i) ultrasound-guided injection of
the plantar fascia with 1 mL of 4 mg/mL dexamethasone sodium phosphate (experimental group), or
(ii) ultrasound-guided injection of the plantar fascia with 1 mL normal saline (placebo). Prior to heel
injection, all participants were given an ultrasound-guided posterior tibial nerve block with 2%
lignocaine.
Main outcome measures
Primary outcomes were pain measured by the Foot Health Status Questionnaire (0-100 point scale)
and plantar fascia thickness measured by ultrasound at 4, 8 and 12 weeks.
Results
Reduction in pain at 4 weeks favoured the dexamethasone group by 10.9 points (95% confidence
interval 1.4 to 20.4, P = 0.03). Between-group differences for pain scores at 8 and 12 weeks were not
statistically significant. Plantar fascia thickness measured at 4 weeks favoured the dexamethasone
group by -0.35 mm (95% confidence interval -0.67 to -0.03, P = 0.03). At 8 and 12 weeks, betweengroup differences for plantar fascia thickness also favoured dexamethasone at -0.39 mm (95%
confidence interval -0.73 to -0.05, P = 0.02) and -0.43 mm (95% confidence interval -0.85 to -0.01, P
= 0.04), respectively. The number needed to treat with dexamethasone for one successful outcome
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with respect to pain at 4 weeks was 3 (2.93, 95% confidence interval 2.76 to 3.12). There were no
reported adverse events associated with the intervention.
Conclusion
A single ultrasound-guided dexamethasone injection is a safe and effective short-term treatment for
plantar fasciitis. It provides greater pain relief than placebo at 4 weeks, and reduces abnormal
swelling of the plantar fascia for up to 3 months. However, clinicians offering this treatment should
also note that significant pain relief did not continue beyond 4 weeks.
Trial registration
Australian New Zealand Clinical Trials Registry (ACTRN12610000239066)
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3.3.2 Introduction
Plantar fasciitis is the most commonly reported cause of inferior heel pain.2 4 The condition is
characterised by pain at the calcaneal origin of the plantar fascia, exacerbated by weight-bearing
after prolonged periods of rest.4 The prevalence of heel pain in the general population is estimated
to range from 3.6% to 7%,14 17 and the disorder has been reported to account for approximately 8%
of all running-related injuries.27 28 It has been estimated that approximately 1 million visits per year
were made to office-based physicians and hospital outpatient departments in the United States for
the diagnosis and treatment of plantar fasciitis,18 representing a significant economic burden.19
The underlying pathology of plantar fasciitis is poorly understood, although histological studies
report a predominance of degenerative changes at the plantar fascia enthesis, including
deterioration of collagen fibres, increased secretion of ground substance proteins, focal areas of
fibroblast proliferation and increased vascularity.31-34 The presence of biochemical markers of
inflammation (e.g. cytokines and prostaglandins) have not been well investigated, however, several
studies report non-specific evidence of local inflammatory change.34-36
Plantar fasciitis is commonly described in the literature as a self-limiting condition.2 4 This view is
supported by the findings of a systematic review, in which plantar heel pain was, on average, found
to resolve after 12 months regardless of treatment type (including placebo).1 Nonetheless, plantar
fasciitis can be a very painful and disabling condition prior to resolution of symptoms, causing a
negative impact on health-related quality of life.6
Several interventions are used for the management of plantar fasciitis5 and corticosteroid injection is
a common choice among clinicians. Surveys of American podiatrists89 and orthopaedic surgeons91
reported that approximately 75% of respondents used and/or recommended this intervention.
However, despite the widespread use of corticosteroid injection for plantar fasciitis, only two
randomised controlled trials have evaluated the effect of this treatment compared to placebo.111 130
One trial compared the effect of 25 mg prednisolone mixed with lignocaine versus lignocaine alone
(placebo), and found a significant difference in pain reduction favouring corticosteroid one month
after treatment.111 No significant differences between groups were detected in this trial at either
three or six months after treatment. However, a large proportion of participants were lost to followup, so the authors were unable to make conclusions regarding corticosteroid efficacy in the longer
term. An earlier trial compared the effect of 25 mg hydrocortisone versus normal saline (placebo),
and found no significant difference in pain reduction between groups two months after
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treatment.130 However, this trial had a very small sample size (19 participants) and was therefore
statistically underpowered to detect clinically worthwhile differences.
The findings of existing clinical trials provide some support for the use of corticosteroid injection in
the short-term management of plantar fasciitis.1 4 However, a recent systematic review concluded
that the effectiveness of this treatment has not been sufficiently established,5 indicating that further
research is required. Therefore, the aim of this trial was to evaluate the effectiveness of ultrasoundguided corticosteroid injection for treatment of plantar fasciitis.
3.3.3 Methods
We conducted a parallel group, blinded, randomised, placebo-controlled trial. Eighty two
participants were randomly assigned to either an experimental group (corticosteroid injection) or a
placebo group (saline injection). Prior to enrolment in the trial, all participants gave written informed
consent. The trial was registered on the Australian New Zealand Clinical Trials Registry
(ACTRN12610000239066) and was granted ethical approval by the La Trobe University Human Ethics
Committee. A methodological protocol for the trial was completed prior to its commencement and
published in a peer-reviewed journal.157
Methods - setting and eligibility criteria
The trial was conducted at the La Trobe University Health Sciences Clinic (Melbourne, Australia)
between June 2010 and February 2011. Eighty two participants were recruited from the local
community by multiple newspaper advertisements. Participants were required to have a history of
inferior heel pain for at least 8 weeks prior to enrolment, and to report a minimum heel pain
magnitude of 20 mm on a 100 mm visual analogue pain scale. On clinical examination, participants
were also required to report pain on palpation of the medial calcaneal tubercle and/or the proximal
plantar fascia. To confirm the diagnosis of plantar fasciitis, the dorso-plantar thickness of the plantar
fascia was measured with diagnostic ultrasonography at a standard location where the fascia crosses
the anterior aspect of the inferior calcaneal border. Participants were required to have a plantar
fascia thickness value of 4.0 mm or greater.148
Potential recruits were excluded from the study if they had received a corticosteroid injection for
plantar fasciitis within the previous six months, or if they had any of the following; a known
hypersensitivity to lignocaine hydrochloride or corticosteroids, current skin or soft tissue infection
near the injection site, posterior heel pain, systemic inflammatory disease, diabetes mellitus,
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previous local surgery, current pregnancy or a history of local trauma. Applicants were also excluded
if they were unable to walk household distances without the use of an aid, or if they had
commenced any treatment regimen for plantar fasciitis within four weeks prior to enrolment.
Methods - interventions
Participants were randomly allocated to one of two treatment arms: (i) ultrasound-guided injection
of the plantar fascia with corticosteroid (experimental group), or (ii) ultrasound-guided injection of
the plantar fascia with normal saline (placebo group). Prior to plantar fascia injection, participants in
both groups were given an ultrasound-guided posterior tibial nerve block with 2% lignocaine
hydrochloride to minimise the pain associated with a plantar heel injection (Figure 3.2). The
posterior tibial nerve block is further described in Appendix 6.5.1 (page 193) and a compact disc
containing an ultrasound movie of the procedure is attached inside the back cover of this thesis.
Heel injections were performed with a 25 gauge (38 mm) needle and a 1 mL Luer-lock syringe.
Participants in the experimental group received an intra-fascial injection with 1 mL of 4 mg/mL
dexamethasone sodium phosphate. Participants in the placebo group received an intra-fascial
injection with 1 mL normal saline (0.9% sodium chloride). All injection procedures were performed
by a podiatrist (AMcM) with two years’ experience in performing regional anaesthetic procedures,
and who obtained further clinical tuition regarding ultrasound guidance techniques. Prior to
commencement of the trial, the podiatrist tested the ultrasound-guided procedures on several pilot
subjects to ensure accuracy and standardisation was obtained throughout the trial duration.

Figure 3.2. Ultrasound-guided posterior tibial nerve block.
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For heel injections, the needle was inserted with a medial oblique approach (perpendicular to the
long axis of the ultrasound transducer), and was advanced under continuous ultrasound guidance
into the proximal plantar fascia (Figure 3.3).151 Infiltration of the plantar fascia occurred near the
calcaneal enthesis, in the region of maximal fascia thickening. The plantar fascia injection is further
described in Appendix 6.5.2 (page 194) and a compact disc containing an ultrasound movie of the
procedure is attached inside the back cover of this thesis. Participants with bilateral plantar fasciitis
had both feet treated (with their allocated intervention) during a single appointment. Following
treatment, participants were advised to avoid all running and other high impact activities for a
minimum of 2 weeks. Plantar fascia measurements and ultrasound-guided injections were
performed with a variable frequency (10-5 MHz) linear array transducer (Acuson Aspen, Siemens
Medical Solutions, Pennsylvania, USA). Sterile transmission gel and transducer covers were used
throughout all injection procedures.

Figure 3.3. Ultrasound-guided heel injection with a medial oblique approach.

During the initial 8 weeks of the trial, all participants were requested to complete a daily stretching
program shown to decrease pain associated with plantar fasciitis.152 This was done to ensure
appropriate ethical management of participants and so the trial better represented normal clinical
practice, where patients are likely to be advised to use a basic physical therapy routine.87
Participants were asked to record their adherence to the stretching program (i.e. stretching
frequency) on an individual log sheet.
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Methods - randomisation, treatment allocation and blinding
Treatment allocation was performed according to a computer-generated randomised number
sequence. We used a simple randomisation procedure and randomised 100 allocations (50
experimental and 50 control) under the knowledge that we would recruit fewer than this – see
sample size section below. The investigator that generated the random number sequence (KBL) had
no contact with participants throughout the trial. Allocation was concealed in a password protected
computer file only accessible by investigators not involved in collecting data from participants (KBL
and ADM). ADM also prepared the syringe prior to heel injection, thereby ensuring the investigator
(AMcM) that performed injections, measured outcomes and processed data was blinded throughout
the trial. AMcM was the investigator responsible for screening and enrolling participants prior to
their commencement in the trial. As both treatment solutions (i.e. dexamethasone sodium
phosphate and normal saline) appeared in the syringe as clear liquids free from visible particulate
matter, the syringe contents did not require masking (Figure 3.4). This protocol also ensured that
trial participants were blinded to their treatment allocation throughout their enrolment.

Figure 3.4. Syringe used for heel injection prepared with normal saline (upper syringe) and dexamethasone sodium
phosphate (lower syringe).
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Methods - primary outcomes
Primary outcomes were pain and plantar fascia thickness at 4, 8 and 12 weeks. Pain was measured
by the foot pain domain of the Foot Health Status Questionnaire (FHSQ). The FHSQ has four domains
(pain, function, footwear and general foot health) and each domain is scored on a 0 - 100 point
scale, where 0 = worst foot health and 100 = best foot health. It has been shown to have a high
degree of internal consistency (Cronbach’s α = 0.88) and test-retest reliability (intra-class correlation
coefficient = 0.86).153 Participants treated for bilateral plantar fasciitis were asked to describe
symptoms without specific reference to an individual foot (i.e. bilateral pain was evaluated as one
independent sample). Plantar fascia thickness was measured by diagnostic ultrasonography at a
standard location where the fascia crosses the anterior aspect of the inferior calcaneal border
(Figure 3.5). This measurement technique has been shown to have good intra-rater reliability, with
the 95% limits of agreement ranging from -0.7 mm to 0.5 mm.80 Participants treated for bilateral
plantar fasciitis had thickness measurements taken for each individual foot. However, for bilateral
cases, the mean change in plantar fascia thickness for the two feet was calculated at each follow-up
in order to evaluate data as one independent sample. All ultrasound measurements were performed
by a single investigator (AMcM) who was blinded throughout the trial duration.

Figure 3.5. Ultrasound measurement location for plantar fascia thickness. Please see Appendix 6.5.2 (page 194) for a
description of the anatomy depicted within this image.

Methods - secondary outcomes
Secondary outcomes were function and ‘first-step’ pain at 4, 8 and 12 weeks. Function was
measured by the foot function domain of the FHSQ, which has been shown to have a high degree of
internal consistency (Cronbach’s α = 0.85) and test-retest reliability (intra-class correlation
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coefficient = 0.92).153 Participants treated for bilateral plantar fasciitis were asked to describe foot
function without specific reference to an individual foot (i.e. bilateral function was evaluated as one
independent sample). ‘First-step’ pain, experienced when initially rising from bed in the morning,
was measured on a 100 mm visual analogue scale. Participants treated for bilateral plantar fasciitis
were asked to indicate the magnitude of symptoms without specific reference to an individual foot
(i.e. bilateral pain was evaluated as one independent sample). Complications and adverse events
associated with the intervention (e.g. nerve injury from needle penetration, post injection flare, soft
tissue infection and plantar fascia rupture) were also recorded.
Methods - sample size
Prospective sample size calculation indicated that 40 participants per group (i.e. 80 total) would
provide 80% power to detect a minimal important difference of 13 points154 on the pain domain of
the FHSQ (SD = 20, alpha = 0.05, 5% loss to follow-up). The extra precision provided by covariate
analysis was conservatively ignored when performing this calculation.158 Although a single time point
was not pre-specified for sample size calculation, the 4 week follow-up was considered as the most
likely time point for clinical benefit, and we measured outcomes at 8 and 12 weeks to obtain data for
the duration of effect only. This expectation was based on the pharmacokinetics of a single
corticosteroid injection (i.e. decreasing effectiveness over time), and the findings of previous clinical
research.111
Methods - data analysis
Statistical analyses were conducted on an intention-to-treat basis using IBM SPSS software (version
19, SPSS Inc., IBM Company). Continuous data were explored for normality using standard tests to
satisfy the assumptions of parametric statistics. Initial data manipulation and all hypothesis testing
were performed by a blinded investigator (AMcM). Multiple imputation was used to replace missing
data for primary and secondary outcomes at each follow-up, using five iterations, with baseline
scores and group allocations as predictors.159 160 Continuous outcomes with a normal distribution
were analysed using a linear regression technique with baseline outcome measurements adjusted
for by the analysis of covariance model (ANCOVA).161 Results for key outcomes are expressed as
estimates of the between-group differences in the outcome at a time point and 95% confidence
intervals to represent the precision of the estimate. Statistical significance for hypothesis tests was
set at the conventional level of 0.05. To provide clinically meaningful data we have also presented
the number needed to treat in our discussion.
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Figure 3.6. Flow of participants through the study.

3.3.4 Results
A total of 188 applicants were screened according to eligibility requirements, of which 82 were
enrolled in the trial and underwent randomisation (Figure 3.6). By chance, sample sizes for the two
groups were equal (dexamethasone group n=41, placebo group n=41). Participant characteristics for
both groups were very similar (Table 3.2), and mean differences between groups for days to followup were not statistically significant at any time point: 4 weeks (0.16 days, 95% confidence interval 1.67 to 1.35, P = 0.84), 8 weeks (0.97 days, 95% confidence interval -2.16 to 4.11, P = 0.54) and 12
weeks (0.56 days, 95% confidence interval -4.93 to 3.80, P = 0.80). Also, cross tabulation showed no
significant difference between groups for adherence to the stretching program (P = 0.60). One
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participant was lost to follow-up (prior to their 4 week assessment) and 81 participants completed
the trial. At conclusion of the project, there were no reported adverse events associated with the
trial interventions. In particular, there were no reported cases of nerve injury (neuropraxia), post
injection flare, soft tissue infection or plantar fascia rupture.
Variable

Dexamethasone (n=41)

Placebo (n=41)

51.7 (11.9)

53.6 (9.0)

Number of women (%)

22 (53.7)

17 (41.5)

Body mass index

31.4 (5.5)

30.9 (5.4)

Median symptom duration in months (interquartile range)

9.0 (8.0)

12.0 (11.5)

Number of bilateral cases (%)

12 (29.3)

12 (29.3)

FHSQ pain score at baseline

36.8 (19.9)

35.8 (20.4)

FHSQ function score at baseline

53.4 (25.5)

60.2 (25.3)

Plantar fascia thickness at baseline in mm

6.67 (1.53)

6.29 (1.20)

First step pain at baseline in mm

62.2 (20.6)

60.5 (22.7)

Age in years

Table 3.2. Characteristics of participants at baseline. Values are means (SD’s) unless otherwise stated. *FHSQ = Foot Health
Status Questionnaire.

Results - primary outcomes
Results for the primary outcome of pain are shown in Table 3.3. The adjusted between-group
difference for pain scores at 4 weeks was statistically significant, with the dexamethasone group
showing greater improvement compared to placebo (10.9 points, 95% confidence interval 1.4 to
20.4, P = 0.03). The dexamethasone group continued to show greater improvement on pain scores
throughout the trial duration (Figure 3.7), although between-group differences at 8 weeks (5.6
points, 95% confidence interval -4.5 to 15.6) and 12 weeks (5.3 points, 95% confidence interval -5.7
to 16.3) were not statistically significant.
Adjusted between
group difference
Mean (SE)

95% CI

P value

47.5 (24.8)

10.9 (4.8)

1.4 to 20.4

0.03

62.3 (24.5)

56.3 (24.2)

5.6 (5.1)

-4.5 to 15.6

0.28

65.4 (27.7)

59.7 (25.4)

5.3 (5.6)

-5.7 to 16.3

0.34

Time interval

Dexamethasone
Mean (SD)

Placebo
Mean (SD)

Baseline

36.8 (19.9)

35.8 (20.4)

4 weeks

58.9 (24.8)

8 weeks
12 weeks
Table 3.3. FHSQ pain results.
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Figure 3.7. FHSQ* pain results chart (Mean +/- SE). *Foot Health Status Questionnaire, measured from 0 to 100 points
(high values = better pain, low values = worse pain).

Results for the primary outcome of plantar fascia thickness (measured by ultrasound) are shown in
Table 3.4. Reduction in plantar fascia thickness was significantly greater for the dexamethasone
group compared to placebo at each follow-up interval (Figure 3.8). The adjusted between-group
difference for plantar fascia thickness at 4 weeks was -0.35 mm (95% confidence interval -0.67 to 0.03, P = 0.03) favouring dexamethasone. Eight weeks after treatment, the adjusted between-group
difference for plantar fascia thickness increased to -0.39 mm (-0.73 to -0.05, P = 0.02), and was
further increased to -0.43 mm at 12 weeks (95% confidence interval -0.85 to -0.01, P = 0.04)
favouring dexamethasone.
Adjusted between
group difference
Mean (SE)

95% CI

P value

6.05 (1.29)

-0.35 (0.16)

-0.67 to -0.03

0.03

5.96 (1.18)

6.05 (1.39)

-0.39 (0.17)

-0.73 to -0.05

0.02

5.74 (1.14)

5.94 (1.34)

-0.43 (0.21)

-0.85 to -0.01

0.04

Time interval

Dexamethasone
Mean (SD)

Placebo
Mean (SD)

Baseline

6.67 (1.53)

6.29 (1.20)

4 weeks

6.00 (1.31)

8 weeks
12 weeks

Table 3.4. Plantar fascia thickness results. Please note that values are mm except for P value.
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For the total sample (n=82), there was a moderate correlation between improvement in pain (FHSQ)
and reduction in plantar fascia thickness at 12 weeks (r = -0.30, P = 0.007). The negative correlation
value (r) is due to differences in the direction of measurement between the two variables, where
improvement in pain (as measured by the FHSQ) is shown by a positive value, and reduction in
plantar fascia thickness is shown by a negative value.
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Figure 3.8. Plantar fascia thickness results chart (Mean +/- SE)

Results - secondary outcomes
The adjusted between-group difference for first-step pain (measured by 100 mm VAS) at 4 weeks
was statistically significant, with the dexamethasone group showing greater improvement compared
to placebo (-11.37 mm, 95% confidence interval -20.94 to -1.80, P = 0.02). The dexamethasone
group continued to show lower first-step pain scores throughout the trial duration, although
between-group differences at 8 weeks (-9.40 mm, 95%confidence interval -20.42 to 1.63) and 12
weeks (-7.34 mm, 95% confidence interval -19.32 to 4.63) were not statistically significant. The
dexamethasone group also showed greater improvement in function compared to placebo over the
trial duration. However, between-group differences for function were not statistically significant at
any follow-up interval: 4 weeks (6.6 points, 95% confidence interval -2.2 to 15.4), 8 weeks (7.0
points, 95% confidence interval -1.6 to 15.6), and 12 weeks (4.1 points, -3.8 to 11.9).
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3.3.5 Discussion
The aim of this trial was to evaluate the effectiveness of ultrasound-guided corticosteroid injection
for treatment of plantar fasciitis. Our findings show that a single ultrasound-guided dexamethasone
injection is a safe and effective short-term treatment for plantar fasciitis, providing better pain relief
than placebo at 4 weeks. In addition, the treatment was shown to have a sustained biological effect
on the plantar fascia tissue, leading to reduced fascial swelling, as observed with diagnostic
ultrasound over a three month period.
Regarding pain relief at 4 weeks, it should be noted that while the mean difference between groups
(11 points) was statistically significant, it only approached the minimal important difference for this
outcome measure (13 points),154 and therefore represents a suboptimal clinical change. For this
reason, and to express results in a more clinically meaningful way, we dichotomised pain data by
considering that a reasonable improvement in pain from a patient’s perspective occurred when pain
levels were reduced by 19.5 points on the pain domain of the FHSQ, being 1.5 times the minimal
important difference for this outcome.154 According to this criterion, the number needed to treat
with dexamethasone for one successful outcome with respect to pain at 4 weeks was 3 (2.93, 95%
confidence interval 2.76 to 3.12). This number needed to treat is similar to that found after 3 months
in a randomised trial that evaluated the effectiveness of foot orthoses for plantar fasciitis (although
the definition of a successful outcome differed between trials).50
Discussion - explanation of results
In the treatment of musculoskeletal disorders, corticosteroid injection is typically used to inhibit
synthesis of arachidonic acid from membrane phospholipids, thereby suppressing prostaglandinmediated inflammation and pain.41 However, as described previously, histological studies indicate
that plantar fasciitis is predominantly a degenerative disorder, with limited involvement of chronic
inflammatory processes.
Plantar fascia pathology may be similar to tendinopathy and several alternatives to prostaglandinmediated pain have been suggested in relation to tendon models, including neurovascular ingrowth,39 up-regulation of excitatory neurotransmitters (e.g. substance P, glutamate and
acetylcholine),37-40 and increased presence of biochemical irritants (e.g. chondroitin sulfate).38 The
action of corticosteroids on these mechanisms is currently unclear,93 however, corticosteroids have
been shown to inhibit fibroblast proliferation and expression of ground substance proteins.37 41 It is
possible that these known effects may be of benefit in the treatment of plantar fasciitis, as increased
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fibroblast proliferation and excessive secretion of proteoglycans are commonly reported features of
the condition. Based on similar reasoning, corticosteroids have been suggested as potentially
beneficial for treatment of early-stage tendinopathy.37
Fusiform thickening of the plantar fascia is a well established feature of plantar fasciitis. According to
a meta-analysis of diagnostic imaging studies,148 people with plantar heel pain are over 100 times
more likely to have an abnormally thickened (> 4.0 mm) plantar fascia compared with asymptomatic
controls (odds ratio = 105, 95% confidence interval = 3 to 3577, P = 0.01). Abnormal thickening is
also reported in the tendinopathy literature, and is thought to be the result of increased secretion of
ground substance proteins (e.g. proteoglycans) and subsequent tissue oedema.37
It is possible that the reduction in plantar fascia thickening observed in this trial resulted from the
two aforementioned effects of corticosteroids on fibroblast activity. As seen in Figure 3.8, mean
plantar fascia thickness values for the dexamethasone group were reduced sharply at the four week
interval. This change could be related to the direct inhibiting effect of corticosteroids on expression
of ground substance proteins, thereby reducing tissue oedema and subsequent plantar fascia
thickness. In addition, for the dexamethasone group, further reduction in plantar fascia thickness
occurred between the 8 and 12 week intervals (see Figure 3.8). This second phase of change could
be related to reduced fibroblast proliferation, leading to a further reduction in overall ground
substance protein, and subsequent tissue oedema, within the fascia.
The results of this trial, including correlation findings for pain and plantar fascia thickness, suggest
that measuring plantar fascia thickness (with ultrasound) is a useful objective method for monitoring
treatment progress. However, at an individual level, changes in plantar fascia thickness should be
interpreted according to the accuracy of the measurement technique. The intra-rater reliability of
this measurement has not been investigated in detail, however, one study has reported the 95%
limits of agreement to range from -0.7 mm to 0.5 mm.80 This suggests that a true decrease in plantar
fascia thickness of 0.5 mm or less might not be detected, and that an observed decrease in plantar
fascia thickness of 0.7 mm or less could result from measurement error. Therefore, when measuring
plantar fascia thickness on an individual level, it is likely that observed thickness changes larger than
-0.7 mm represent true improvement in the underlying condition. In order to incorporate this value
into the present trial results, plantar fascia thickness data was dichotomised by considering that a
true improvement occurred when the fascia was shown to have reduced by more than -0.7 mm.
According to this criterion, the number needed to treat with dexamethasone for one successful
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outcome with respect to plantar fascia thickness at 4 weeks was 3 (3.15, 95% confidence interval
2.00 to 7.35).
Discussion - choice of corticosteroid and injection technique
Selection of a particular corticosteroid agent for local injection varies across disciplines 94 and
geographic regions,95 with limited evidence available to assist in decision-making. In relation to
treatment outcomes, systematic reviews of randomised trial data have revealed no difference in
clinical efficacy between various corticosteroid types.96 97 Nonetheless, when selecting a
corticosteroid for treatment of soft tissue disorders, guidelines in the rheumatology literature
recommend use of an agent with high tissue solubility,93 and avoidance of fluorinated compounds.98
These recommendations are based on minimising the risk of unwanted localised side effects, such as
post-injection flare and soft tissue atrophy.
Accordingly, two corticosteroids were considered for use in this trial: (i) methylprednisolone acetate
(non-fluorinated, moderate acting) and (ii) dexamethasone sodium phosphate (fluorinated, shorter
acting). However, as normal saline solution appears as a clear and colourless liquid (see Figure 17),
blinding of the investigator performing injections was considered problematic with use of an acetate
compound. Therefore, dexamethasone sodium phosphate was considered the most appropriate
corticosteroid for use in the trial. We acknowledge that the results of this trial could have been
altered (i.e. a longer period of pain relief might have been detected) if a corticosteroid with longer
duration of action had been selected. However, the lack of adverse events (e.g. post injection flare
and plantar fascia rupture) reported in this trial supports the use of dexamethasone as a safe
treatment option, and the same safety outcome may not have been achieved with acetate
compounds. Future research in this field could investigate the comparative safety and effectiveness
of different types of corticosteroids, as less soluble compounds might provide longer lasting pain
relief, although with potentially greater side effects.
Clinician surveys have revealed that combining corticosteroid and local anesthetic solutions prior to
soft tissue injection is a widely adopted practice.108 Reported benefits of this include provision of
temporary pain relief, dilution of potentially harmful corticosteroid crystals (acetates only), and
confirmation of accurate solution deposit.109 Despite this common practice, mixing of corticosteroid
solution was not utilised in this trial as these reported benefits were addressed by other aspects of
the trial protocol (e.g. provision of regional anaesthesia and use of continuous ultrasound guidance).
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In comparison to a landmark-based technique, use of ultrasound guidance during regional
anaesthesia has been shown to reduce the occurrence of paraesthesia and inadvertent intravascular
injection, while improving block onset time and success rates.114 116 117 With this in mind, we chose to
perform an ultrasound-guided posterior tibial nerve block, and found this technique very effective
for reducing the high levels of pain otherwise experienced by patients during heel injection.
Discussion - comparison with previous studies
To our knowledge, this is the first randomised controlled trial testing the effect of ultrasound-guided
dexamethasone injection versus placebo for treatment of plantar fasciitis. However, comparisons
can be made with one previous trial that tested a similar intervention.111 This previous trial tested a
type of corticosteroid (prednisolone acetate) that has substantially lower tissue solubility than
dexamethasone phosphate (i.e. a longer acting compound),93 and injections were performed
without ultrasound guidance. Despite these differences, both trials reported four weeks of pain
relief from a single corticosteroid injection. This suggests that injection of a more soluble (and
arguably safer) corticosteroid under ultrasound guidance has equivalent efficacy to a less soluble
corticosteroid injected with a conventional landmark-based technique. In addition, the plantar fascia
thickness results reported in the present trial are in agreement with findings from two observational
studies, in which plantar fascia thickness was shown to significantly decrease as early as two weeks79
and one month51 following corticosteroid injection.
Discussion - strengths and limitations
The design of this trial was scientifically rigorous, incorporating adequate statistical power, random
treatment allocation, placebo control and blinding of the injector, assessor and participant. In
addition, the use of a standardised stretching program was undertaken to better represent normal
clinical practice. However, it is possible that the recruitment method used (advertisements placed in
major daily newspapers) produced a sample that does not fully represent the characteristics of
patients seen in general practice for management of heel pain. This factor may limit the
generalisability of the trial findings, and should be considered by clinicians when interpreting the
results. Notably, the sample in this trial contained a larger proportion of males than females (52%
male), which is not typical compared to other samples for plantar fasciitis studies.148 In addition to
this, several other aspects of the trial intervention may limit external validity or generalisability to
common clinical settings, and the findings might therefore be considered to have greater
explanatory rather than pragmatic applications. Other factors limiting generalisability include: (i)
provision of regional anaesthesia, (ii) use of an ultrasound-guided injection technique, (iii) selection
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of a corticosteroid (dexamethasone) not often chosen by clinicians treating foot and ankle
disorders,90 and (iv) injection of plain corticosteroid solution (without mixing with a local
anaesthetic). Any of these factors may introduce points of difference between the overall procedure
tested in this trial, and the techniques routinely used by clinicians such as general practitioners,
podiatrists, rheumatologists and radiologists. These points of difference should be carefully
considered by clinicians when interpreting the trial findings, as variation in clinical techniques may
lead to different patient outcomes. Nevertheless, we believe these limitations have been adequately
addressed by describing the rationale for important aspects of the trial protocol. Moreover, our
protocol to administer the trial intervention was optimised to investigate the pharmacological effect
of corticosteroids for treatment of plantar fasciitis, thereby meeting the aim of this study.
3.3.6 Conclusions
Our findings show that a single ultrasound-guided dexamethasone injection is a safe and effective
short-term treatment for plantar fasciitis, providing better pain relief than placebo at 4 weeks. The
treatment also reduces abnormal swelling of the plantar fascia soon after treatment, and
continuously for several months. These findings are important for clinical practice as they indicate
that an appropriately administered dexamethasone injection is efficacious in the short-term for
plantar fasciitis, and that such an injection may lead to beneficial longer-term physiological changes
to the affected plantar fascia. However, clinicians offering this treatment should also note that
significant pain relief did not continue beyond 4 weeks.
Conclusions - what is already known on this topic
Plantar fasciitis is the most common cause of inferior heel pain. Management of this condition
frequently involves corticosteroid injection; however, the effectiveness of this treatment is unclear.
Conclusions - what this study adds
A single ultrasound-guided dexamethasone injection is a safe and effective short-term treatment for
plantar fasciitis. It provides significantly greater pain relief than placebo at 4 weeks, and reduces
abnormal swelling of the plantar fascia for up to 3 months.
3.3.7 Contributors
AMcM and KBL designed the trial protocol and obtained project funding. MFG, ARB and HBM
assisted in designing the trial protocol. AMcM screened participants (including ultrasound
examination), performed ultrasound-guided injection procedures, measured treatment outcomes,
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analysed data and drafted the manuscript. KBL assisted with data analysis and drafting of the
manuscript. MFG provided clinical supervision and ADM assisted with clinical procedures. MFG, ARB,
ADM and HBM commented on the manuscript. All authors read and approved the final manuscript
prior to submission. AMcM and KBL accept full responsibility for this work and act as guarantors for
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3.4 Summary with reference to the primary research questions
The aim of this trial was to evaluate the effectiveness of ultrasound-guided corticosteroid injection
for treatment of plantar fasciitis. The trial findings show that a single ultrasound-guided
dexamethasone injection is a safe and effective short-term treatment for plantar fasciitis, providing
better pain relief than placebo at 4 weeks. The treatment was also shown to have a sustained
biological effect on the plantar fascia tissue, leading to reduced fascial swelling, as observed with
diagnostic ultrasound over a three month period. In addition to reporting these findings in the
previous section, several questions have been developed to draw out the most important
implications arising from the trial results, and these are shown below with corresponding responses.
3.4.1 Questions to be addressed
Question one
Does a single ultrasound-guided corticosteroid injection improve pain associated with plantar
fasciitis over a three month period?
Question one - response
A single ultrasound-guided dexamethasone injection is an effective short-term treatment for plantar
fasciitis, although significant pain relief is not likely to continue beyond four weeks.
Question two
As seen by ultrasound assessment, does a single ultrasound-guided corticosteroid injection reduce
plantar fascia swelling over a three month period?
Question two - response
A single ultrasound-guided dexamethasone injection had a sustained biological effect on the plantar
fascia tissue, leading to reduced fascia swelling over the three month period.
3.5 Conclusion
The randomised trial presented in this chapter has investigated the effectiveness of a single
ultrasound-guided corticosteroid injection for plantar fasciitis over a three month period. By
incorporating placebo-control and a thorough participant and investigator blinding technique, this
trial has produced high quality evidence regarding management of plantar fasciitis with this
modality.
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This trial found that a corticosteroid injection is an effective short-term treatment for plantar
fasciitis, providing better pain relief than placebo at 4 weeks. In addition, by selecting a
corticosteroid recommended for soft tissue disorders, this trial has demonstrated that clinically
worthwhile improvements can be obtained without exposing patients to the risks previously
associated with the treatment. These findings have important implications within the plantar fasciitis
literature, as the most recent systematic review concluded that the effectiveness of corticosteroid
injection is unknown, and that the treatment is associated with long-term complications.
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4. Hyperaemia in plantar fasciitis determined by power Doppler
ultrasound
4.1 Introduction
As established in section 2.3.1 of this thesis (page 15), the underlying pathology of plantar fasciitis
has been shown to typically involve degenerative processes at the subcalcaneal enthesis, with
limited involvement of inflammatory processes. The most common histological features are
deterioration of collagen fibres, increased secretion of ground substance proteins, focal areas of
fibroblast proliferation and increased vascularity.32 34 Consistent with these findings, absence of
inflammation is also reported in the tendinopathy literature,38 and neurovascular in-growth has
instead been suggested as an alternative pain mechanism.39
Within human musculoskeletal tissues, the close anatomical relationship between blood vessels and
nerves is well known, and as a consequence, nerves are often described as ‘accompanying’ or
‘travelling with’ their respective blood vessels.162 Accordingly, it is likely that neovascularisation of
connective tissue in disorders such as plantar fasciitis and tendinopathy also involves concurrent ingrowth of nerve fibres, thereby increasing sensitivity to pain mediators at the site of injury. In
relation to plantar fasciitis, while several histological studies31 32 34 163 have reported evidence of
angiogenesis within the plantar fascia enthesis (Figure 4.1), these studies did not utilise techniques
that enable identification of nerve fibres, and therefore were unable to demonstrate neural ingrowth as a feature of the condition. However, concurrent in-growth of neural and vascular
structures has been shown in Achilles tendinopathy, and considering the fundamental similarity
between tendon and the plantar fascia (i.e. both are dense regular connective tissue), it is likely that
accompanying nerve fibres are also present in plantar fasciitis.
In relation to Achilles tendinopathy, neurovascular in-growth has been demonstrated by studies
using immunohistochemical techniques that can identify nerve fibres, in addition to their
corresponding blood vessels. One such study obtained biopsy samples from six patients with long
standing Achilles tendinopathy, and found that fine nerve bundles and individual fibres were
observed in zones where blood vessels occurred (Figure 4.2).162 A further study compared Achilles
tendon specimens taken from 21 patients with tendinopathy to 9 samples taken from asymptomatic
controls.164 This study revealed that nerve fascicles occurred in the vicinity of blood vessels in normal
(i.e. control) paratendinous loose connective tissue, and also within the normal tendon proper. In
addition to these features, samples taken from the Achilles tendinopathy group also revealed that
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nerve fibres were intimately associated with fine blood vessels in areas of tissue degeneration,
which was not shown in the control group. The findings of this study are particularly important, as
they verify the concurrence of neural and vascular in-growth, and demonstrate that this process is
associated with symptoms.

Figure 4.1. A cross-sectional image of a plantar fascia sample taken from a patient with chronic inferior heel pain
(magnified x 100). The image shows a focal area of immature fibroblasts (seen as small black elliptical shapes) and a cluster
of new blood vessels (red circle). Image taken from Snider et al.

32

Figure 4.2. A cross-sectional image of an Achilles tendon sample taken from a patient with chronic localised pain
(magnified x 500). The image shows a nerve bundle (N) in close proximity to a blood vessel (asterisk in lumen), and a fine
162

nerve fibre (arrow) close to the vessel wall. Image taken from Alfredson et al.
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Therefore, by considering the histological findings described in relation to tendinopathy, it is likely
that formation of new blood vessels in plantar fasciitis also involves accompanying neural in-growth.
This has implications for the underlying pain mechanisms of the disorder and also for potential
treatments that may target this abnormality. However, while studies investigating the histological
features of plantar fasciitis have reported evidence of angiogenesis, they were unable to show a
relationship between angiogenesis and patient symptoms as none involved comparisons to a control
group. Accordingly, it is possible that histological evidence of microvessels in plantar fasciitis do not
represent increased vascularity, as the occurrence of such features in people without the condition
is unknown. Nonetheless, the extent of vascular perfusion within a musculoskeletal structure (such
as the plantar fascia) can also be assessed by colour Doppler ultrasonography, and comparisons to a
control group using this modality are more feasible as tissue samples are not required.
Conventional ultrasonography involves production of a grayscale (black and white) image with use of
a pulse-echo principle, whereby pulses of ultrasound are transmitted through underlying tissues,
and echoes (sound reflections) are returned at anatomical boundaries where changes in tissue
density occur.165 The position of these boundaries is determined by the echo arrival time and the
pulse direction, and the brightness of the anatomical image corresponds to the echo strength.165
Accordingly, structures that have relatively high tissue density (e.g. the normal plantar fascia and the
cortical surface of the calcaneus) return a strong echo to the ultrasound transducer and produce a
bright image, and structures with relatively low tissue density (e.g. the plantar fat pad) return a weak
echo and a correspondingly dark image. In addition to this, Doppler ultrasonography involves the
processing of echoes produced by moving objects within the scanning field (e.g. blood flow within a
vessel). The underpinning principle is that moving objects reflect the ultrasound pulse at a different
frequency to the original transmission (known as the Doppler effect), and a frequency shift is
thereby detected when the echo is received by the transducer.165 Furthermore, the direction of
movement toward or away from the transducer is also determined by the nature of the frequency
shift, with either a higher frequency or lower frequency detected respectively.165 The resulting image
produced during Doppler ultrasound assessment demonstrates these frequency shifts by assigning
colour to the corresponding display pixels, coded according to the direction and velocity of
movement (i.e. moving objects are represented by colour images).165 This imaging technique was
frequently used during the randomised trial presented in this thesis (section 3), in order to observe
the position of the posterior tibial vessels during regional anaesthetic injections (Figure 4.3).
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Figure 4.3. A colour Doppler sonogram of the lower leg showing blood flow within the posterior tibial artery (seen in crosssection). The colour map on the left side of the image shows that orange hue represents a positive frequency shift (flow
toward the transducer) and blue hue represents a negative frequency shift (flow away from the transducer). The image
also shows the posterior tibial veins (V), and the posterior tibial nerve (arrow) which was the target structure during
anaesthetic injections in the randomised trial.

In addition to colour Doppler, a variation in Doppler shift processing, known as power Doppler
ultrasound (PDU), can be undertaken to improve sensitivity to slow blood flow and flow within very
small or deep vessels.165 Rather than colour encoding the frequency shift according to velocity and
flow direction, as occurs with normal colour Doppler, this process determines the power (or
strength) of the Doppler shift according to the concentration of moving objects.165 In so doing, PDU
is not affected by flow direction artefacts (e.g. aliasing), allowing a lower pulse repetition frequency
to be used which improves sensitivity to slow moving blood within small vessels.165 166 Therefore,
PDU has an advantage when assessing musculoskeletal tissues for evidence of increased perfusion.
For example, this imaging technique has been shown to detect a greater number of microvessels
within Achilles tendons compared to a normal colour Doppler setting.167 This affirms that
investigation of increased vascularity in plantar fasciitis would also be more effective with use of
PDU compared with normal colour Doppler. As identified within the systematic review presented in
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this thesis (section 2.5), only one imaging study utilised this technique for assessment of plantar
fasciitis.75
This study (undertaken by Walther et al75) graded the PDU signal within the plantar fascia with a
four-point ordinal scale, and reported moderate to marked hyperaemia in 8 of 20 participants with
plantar fasciitis compared to none of 20 controls (P < 0.01). These results support the previous
findings of histological studies in relation to hyperaemia in plantar fasciitis, and suggest that
neurovascular in-growth does occur with the condition. Furthermore, this study also reported a
correlation between hyperaemia and symptom duration of less than 6 months (Spearman ρ = -0.68,
P < 0.05), and found that increased PDU signal was not detected in any participant with a symptom
duration greater than 12 months. This finding led the authors to suggest that the presence of
hyperaemia indicates an early phase of the condition (prior to it becoming chronic), and that PDU
could be useful for staging the condition. This suggestion is supported by the tendinopathy
literature, in which increased vascularity seen on PDU is thought to correlate with an intermediate
phase of tendon disrepair, where neurovascular in-growth occurs in response to generalised tissue
proliferation.37 Also, a positive PDU signal has recently been shown to predict the development of
Achilles tendinopathy in asymptomatic runners over a one year period (OR = 6.9, 95% confidence
interval = 2.6 to 18.8, P < 0.001), suggesting that microvascular change can even precede the onset
of symptoms.168
Based on the findings described by Walther et al,75 it appears that assessment of plantar fasciitis
with PDU has provided further understanding of the pain mechanisms involved with the condition,
demonstrating that microvascular change occurs soon after onset of symptoms. However, this study
was susceptible to bias due to methodological limitations. For example, blinding of the PDU image
assessor was not undertaken and control participants were not age- or sex-matched. Considering
these factors, it is possible that the presence of hyperaemia in the plantar fasciitis group may have
been overestimated, and that between-group differences in participant characteristics (e.g. there
were twice as many males in the control group) may have influenced the study findings.
Furthermore, a recent study involving PDU assessment of 9 participants with inferior heel pain
related to spondyloarthritis has reported no evidence of hyperaemia compared to 24 controls,169
thereby further indicating the need for additional research in this area.
Therefore, the aim of this project was to further investigate the presence of hyperaemia in plantar
fasciitis with use of PDU, and to correlate findings with duration and severity of symptoms. A
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secondary objective was to investigate changes in plantar fascia thickness with emphasis on
development of clinically useful diagnostic threshold values. Importantly, in order to advance on
previous research, the project utilised a cross-sectional observational design involving age- and sexmatched control participants, and colour images were assessed using a blinded technique.
4.1.1 Questions to be addressed
Two research questions were developed in order to provide a more targeted explanation of the
study results. The answers to these questions are presented within the chapter discussion on page
124.
Question one
Is increased vascularity, as seen by increased PDU signal, associated with plantar fasciitis, and if so,
what are the implications for clinical management and further research?
Question two
If increased PDU signal is observed in plantar fasciitis, is there a correlation with duration or severity
of symptoms?

4.1.2 Project presentation
This project will be presented as a single manuscript within the following pages.
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4.2 Project manuscript
At the time of writing, this manuscript had been submitted to the Journal of Foot and Ankle
Research.
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4.2.1 Abstract
Objective
To investigate vascular change in plantar fasciitis with use of power Doppler ultrasound.
Methods
We conducted a cross-sectional observational study involving 30 participants with plantar fasciitis
unrelated to systemic disease and 30 age- and sex-matched controls. Ultrasound examination was
performed with a 13-5 MHz linear transducer and power Doppler images were assessed by two
blinded investigators.
Results
The plantar fasciitis group exhibited significantly increased power Doppler signal compared to
controls using a 4-point ordinal grading scale (Mann-Whitney U, P = 0.03). Dichotomisation of the
scale revealed that participants with plantar fasciitis were 5 times more likely than controls to have
at least mild hyperaemia, although this finding only approached statistical significance (odds ratio =
5.09, 95% CI = 0.98 to 26.43, P = 0.05). There was no correlation between the grade of hyperaemia
and duration of symptoms (Spearman ρ = 0.01, P = 0.94) or pain severity (Spearman ρ = 0.03, P =
0.88).
Conclusions
Plantar fasciitis is associated with low-grade hyperaemia compared to a control group. However,
markedly increased vascularity does not appear to be a feature of the condition. We found no
statistical relationship between the presence of hyperaemia and duration of symptoms or pain
severity.
Key words
Plantar fasciitis, diagnostic imaging, Doppler ultrasound, hyperaemia
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4.2.2 Introduction
Plantar fasciitis is characterised by chronic inferior heel pain and point tenderness at the calcaneal
origin of the plantar fascia. The condition is made worse by weight-bearing after periods of rest and
typically resolves after 12 months with conservative management.4 The prevalence of heel pain in
the general population is estimated to range from 3.6% to 7%,14 17 and plantar fasciitis has been
shown to account for 10% of musculoskeletal conditions affecting the foot and ankle.16
The underlying pathology of plantar fasciitis is poorly understood, although histological studies have
reported a predominance of degenerative changes at the subcalcaneal enthesis, with limited
involvement of inflammatory processes. The most common pathological features are deterioration
of collagen fibres, increased secretion of ground substance proteins, focal areas of fibroblast
proliferation and increased vascularity.32 34 Consistent with these findings, absence of inflammation
is also reported in the tendinopathy literature,38 and neurovascular in-growth has instead been
suggested as an alternative pain mechanism.39
Despite histological evidence of neovascularity, to our knowledge only two case-control studies have
investigated the association between hyperaemia and inferior heel pain with power Doppler
ultrasound (PDU). One study75 reported moderate to marked hyperaemia in 8 of 20 participants with
plantar fasciitis compared to none of 20 controls (P < 0.01), and a significant correlation between
hyperaemia and symptom duration of less than 6 months (Spearman ρ = -0.68, P < 0.05). The
findings of this study suggest that neurovascular in-growth is a feature of plantar fasciitis, and that
hyperaemia seen on PDU indicates an early proliferative phase of the condition. However, this study
was susceptible to methodological bias, as blinding of the PDU image assessors was not
undertaken148 and controls were not age- or sex-matched. Furthermore, a recent study involving 9
participants with inferior heel pain related to spondyloarthritis reported no evidence of local
hyperaemia compared to 24 controls.169
Considering the limited research in this field, the aim of this study was to further investigate the
presence of hyperaemia in plantar fasciitis with use of PDU, and to correlate our findings with
duration and severity of symptoms. A secondary objective was to investigate changes in plantar
fascia thickness. In order to improve on previous research, we conducted a cross-sectional
observational study involving age- and sex-matched control participants and assessed colour images
using a blinded technique.
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4.2.3 Methods
Ethical approval was granted by the La Trobe University Human Ethics Committee and all
participants gave written informed consent prior to enrolment. Ultrasound imaging was conducted
at La Trobe University Private Hospital (Melbourne, Australia) between January 2011 and February
2012.
Participants with plantar fasciitis were recruited from the local community (by newspaper
advertising) and from other heel pain projects that had recently concluded at the university. These
participants were required to have a history of inferior heel pain for at least 8 weeks, with a
minimum pain severity of 20 mm on a 100 mm visual analogue scale. As seen by ultrasound
assessment, participants were also required to have plantar fascia thickening of 4.0 mm or
greater.148 Exclusion criteria for case participants included corticosteroid injection of the heel within
the past three months, posterior heel pain, systemic inflammatory disease, diabetes, and a history of
local surgery. Participants with bilateral heel pain had only the most severely affected foot scanned.
Age (+/- 3 years) and sex-matched controls were recruited by local newspaper advertisements and
from the university campus. These participants were required to have no history of inferior heel pain
within five years preceding enrolment, and were excluded if they had diabetes, systemic
inflammatory disease or a history of local surgery / trauma. One foot for each control participant
was randomly selected by using a computer-generated random number sequence.
Ultrasound examination was undertaken with participants lying prone with their knees extended
and feet resting over the edge of an examination table.148 All ultrasound images used for assessment
were obtained in the sagittal plane. Plantar fascia thickness was measured at a standard location
where the fascia crosses the anterior aspect of the inferior calcaneal border (Figure 4.4). This
measurement technique was performed with Sante Dicom Editor software (Version 3.1.20, Santesoft
Ltd, Greece) and has been shown to have good intra-rater reliability.80 Assessment of the PDU signal
within the proximal plantar fascia was performed by two blinded investigators (KBL and HBM), using
a 4-point ordinal scale originally proposed by Newman170 and further described by Walther75 in
relation to plantar fasciitis: 1 = normal tissue perfusion, 2 = mild hyperaemia, 3 = moderate
hyperaemia, 4 = marked hyperaemia with a confluent surrounding vascular blush. This grading scale
was recently shown to have good correlation with a computerised method that quantifies tissue
vascularity by calculating the total number of colour pixels in the region of interest (Spearman ρ =
0.70, P < 0.01).171 In order to reach consensus on the grading of hyperaemia, the two assessors
examined PDU images together in cases where their results differed.
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Figure 4.4. Longitudinal sonogram showing the measurement location for plantar fascia thickness.

All ultrasound imaging was performed by experienced musculoskeletal sonographers (JMG or JD)
with a variable frequency (13-5 MHz) linear array transducer (Acuson Antares Premium Edition,
Siemens, USA). PDU settings were standardised with a pulse repetition frequency (PRF) of 781 Hz,
although five participants were assessed with a higher PRF (977 Hz) to reduce flash artefact.172
Doppler gain was optimised by manual elevation until the first indication of colour (representing
background noise) began to appear at the calcaneal enthesis or proximal plantar fascia.75
The between-group difference for degree of hyperaemia (ordinal data) was analysed by the MannWhitney U test. To calculate an odds ratio for the presence of hyperaemia, the 4-point Newman
scale170 was dichotomised by considering that hyperaemia was absent at Grade 1, and present at
Grade 2 or above. Correlations between the degree of hyperaemia, duration of symptoms and pain
severity were analysed with Spearman’s ρ. The between-group difference for plantar fascia thickness
was analysed by the independent t-test with 95% confidence intervals. Correlations between plantar
fascia thickness, BMI and pain were analysed with Pearson’s r. All analyses were undertaken with
IBM SPSS software (version 19, SPSS Inc., IBM Company) and statistical significance was set at the
conventional level of 0.05. Only one heel for each participant was scanned in order to meet the
independence assumption of statistical analysis.
4.2.4 Results
A total of 30 participants with plantar fasciitis (PF) unrelated to systemic disease and 30 age- and
sex-matched controls (60 participants total) were recruited (Table 4.1). Participants with clinical
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evidence of PF (e.g. history of first-step pain and sensitivity of the medial calcaneal tubercle) were all
confirmed as having a plantar fascia thickness of 4.0 mm or greater.
Variable

PF group

Control

Number of participants

30

30

Age in years

57 (10.0)

57 (10.4)

Number of women (%)

15 (50)

15 (50)

Body mass index in kg/m²

30.7 (4.5)

28.6 (4.3)

Symptom duration in months

15.5 (13.9)

N/A

Number of participants with symptom duration ≤ 6 months (%)

9 (30)

N/A

Pain on 100mm VAS

54.7 (23)

N/A

Plantar fascia thickness in mm

6.4 (1.3)

3.8 (0.8)

Number with plantar fascia thickness > 4.0 mm (%)

29 (96.7)

9 (30.0)

Number negative for hyperaemia (Grade 1) (%)

22 (73.3)

28 (93.3)

Number with Grade 2 hyperaemia (%)

5 (16.7)

2 (6.7)

Number with Grade 3 hyperaemia (%)

2 (6.7)

0

Number with Grade 4 hyperaemia (%)

1 (3.4)

0

Number positive for hyperaemia (Grade 2 or above) (%)

8 (26.7)

2 (6.7)

Table 4.1. Participant characteristics and ultrasound findings. Values are means (SDs) unless otherwise stated.

The between-group difference for hyperaemia using the 4-point scale was statistically significant,
with PF participants showing increased PDU signal compared to controls (Mann-Whitney U, P = 0.03)
(Figure 4.5). Dichotomisation of the scale revealed that participants with PF were 5 times more likely
than controls to have a PDU signal above grade 1, although this finding only approached statistical
significance (odds ratio = 5.09, 95% CI = 0.98 to 26.43, P = 0.05). For the PF group, there was no
correlation between hyperaemia and duration of symptoms (ρ = 0.01, P = 0.94) or pain severity (ρ =
0.03, P = 0.88).
The mean between-group difference for plantar fascia thickness was statistically significant, with the
PF group value 2.67 mm greater than the control group (95% CI = 2.13 to 3.21mm, P < 0.01).
Dichotomisation revealed that PF participants were over 60 times more likely than controls to have
plantar fascia thickening > 4.0 mm (odds ratio = 67.67, 95% CI = 7.95 to 575.68, P < 0.01). For the PF
group, there was no statistical relationship between plantar fascia thickness and pain levels (r = 0.11,
P = 0.57). However, for the total cohort (n = 60), there was a statistically significant correlation
between plantar fascia thickness and BMI (r = 0.44, P < 0.01).
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Figure 4.5. Longitudinal Doppler sonogram demonstrating marked hyperaemia (grade 4) in a participant with plantar
fasciitis.

To further investigate the relationship between BMI and plantar fascia thickness, participants were
dichotomised according to BMI (either < 30 or ≥ 30 kg/m²), and odds ratios were calculated for
plantar fascia thickening above 4.0 mm and 5.0 mm respectively. This revealed that non-obese
participants with PF were over 200 times more likely than non-obese controls to have plantar fascia
thickening above 4.0 mm (odds ratio = 210.00, 95% CI = 11.96 to 3688.63, P < 0.01), and that obese
participants with PF were over 250 times more likely than obese controls to have plantar fascia
thickening above 5.0 mm (odds ratio = 279.00, 95% CI = 10.47 to 7434.87, P < 0.01).
4.2.5 Discussion
The aim of this study was to investigate the presence of hyperaemia in PF with use of Doppler
ultrasonography. Our findings show that PF is associated with low-grade hyperaemia compared to
controls, suggesting that neurovascular in-growth does occur with the condition. However, markedly
increased vascularity does not appear to be a feature. In addition, we found no statistical
relationship between the presence of hyperaemia and duration of symptoms or pain severity.
This study revealed a more conservative relationship between PF and hyperaemia compared to
Walther et al,75 where 40% of participants with PF were graded with either moderate or marked
vascularity. Moreover, correlation between hyperaemia and symptom duration, a key finding
described by Walther et al, was not found in the present study despite 30% of PF participants
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reporting a symptom history ≤ 6 months (Table 4.1). These discrepancies may stem from underlying
methodological differences, including the absence of age- and sex-matching in the Walther et al75
study, variable interpretation by the assessors of the Newman grading scale, or use of blinded image
assessment (undertaken in our study). However, we are confident that our conservative findings did
not result from decreased ultrasound sensitivity, as we used a lower PRF setting compared to
Walther (781 Hz vs 1102 Hz), which improves sensitivity to low frequency shift.172
In accordance with a systematic review investigating diagnostic imaging for PF,148 our findings show
increased plantar fascia thickening in participants with PF compared to controls, and a strong
association between plantar fascia thickness > 4.0 mm and heel pain. However, further exploration
of our data revealed that 9 controls had plantar fascia thickening > 4.0 mm, and of these, 7 had a
BMI ≥ 30 kg/m². Therefore, we suggest that clinicians using threshold values to confirm PF should
consider BMI as part of their assessment, and set a higher threshold value (i.e. 5.0 mm) for obese
patients, and a lower threshold value (i.e. 4.0 mm) for non-obese patients.
In relation to the pain mechanisms of plantar fasciitis, the findings of the present study support the
notion that neurovascular in-growth can occur with the condition, and that increased sensitivity to
pain stimulus may occur via this pathway for some patients. As discussed previously (section 4.1),
histological studies have shown that nerve fibres are intimately associated with fine blood vessels in
areas of soft tissue degeneration,164 thereby indicating that identification of hyperaemia within the
plantar fascia is likely to represent a corresponding increase in nerve supply. This has clinical
implications regarding the management of plantar fasciitis, as patients with positive PDU findings
may respond well to treatments targeting neurovascular pain mechanisms, such as injection of
agents with sclerosing properties.
This approach to treatment has been reported in relation to mid-portion Achilles173 and patellar174
tendinopathies, where ultrasound-guided injections of a sclerosing agent (polidocanol) into areas of
neovascularity (as seen by increased colour Doppler signal) were shown to reduce pain at six months
following treatment (post intervention improvement P < 0.01). However, as these studies used a
prospective cohort design without comparisons to a control group (i.e. they were not randomised
trials), confounding factors were likely to have influenced the findings. The sclerosing effect of
polidocanol, which was originally developed as a local anaesthetic, can occur by either intravascular
or extravascular administration (the latter being relevant to small vessels), and is brought about by
acting on the intima layer of the vascular wall causing vessel thrombosis.173 175 In addition,
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polidocanol is also thought to sclerose nerve fibres occurring adjacent to the targeted neovessels, by
either direct destructive effects or indirectly by ischaemia.173 At the time of writing this thesis, no
studies investigating the effectiveness of polidocanol injection for plantar fasciitis had been
undertaken, thereby suggesting that research into this potentially beneficial treatment could be
worthwhile.
4.2.6 Conclusion
Plantar fasciitis is associated with low-grade hyperaemia using PDU. However, markedly increased
vascularity does not appear to be a feature of the condition. We found no statistical relationship
between the presence of hyperaemia and duration of symptoms or pain severity.
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4.3 Discussion with reference to the primary research questions
The aim of this study was to investigate the presence of hyperaemia in plantar fasciitis by power
Doppler ultrasound. The study findings show that plantar fasciitis is associated with low-grade
hyperaemia compared to controls, suggesting that neurovascular in-growth does occur with the
condition. However, markedly increased vascularity was not frequently observed. In contrast with
previous research, no statistical relationship was found between the presence of hyperaemia and
duration of symptoms.
4.3.1 Questions to be addressed
4.3.1.1 Question one
As indicated by increased PDU signal, is increased vascularity associated with plantar fasciitis, and if
so, what are the implications for clinical management and further research?
Question one - response
Mild hyperaemia is a feature of plantar fasciitis, although most patients undergoing PDU assessment
are likely to show a negative result.
As described within the previous section, this study revealed a more conservative relationship
between plantar fasciitis and hyperaemia compared to Walther et al,75 where 40% of participants
with plantar fasciitis were graded with either moderate or marked vascularity. This discrepancy may
stem from underlying methodological differences between the two studies, including variable
interpretation by the assessors of the Newman170 grading scale, or use of blinded image assessment
(undertaken in the present study). In addition, as shown in Table 4.2 below, while participants within
the two plantar fasciitis groups had similar characteristics, the Walther et al75 study involved a larger
proportion of women and did not report group means for pain level or symptom duration.
Accordingly, as increased PDU signal correlated with higher pain levels and a shorter duration of
symptoms in the Walther et al75 study, it is possible that differences existed between the two studies
on these characteristics (i.e. duration and severity of symptoms), and that such differences also
influenced findings.
Furthermore, while the recruitment method for the Walther et al75 study is unclear, it is likely that
participants with plantar fasciitis (described as ‘patients’) were recruited through an orthopaedic
outpatient department, as all imaging assessments were performed by an orthopaedic surgeon. If
this were the case, participants entering the Walther75 study may have had higher pain levels
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compared to those involved in the present study, as recruitment occurred in the present study via
newspaper advertisements and most participants had not previously sought medical attention. The
discrepancy in findings between these two studies may have occurred by chance (as both involved
relatively small samples), although it is possible that differences in assessment techniques (e.g.
blinding) and participant characteristics may have led to altered outcomes.

75

Variable

Present study

Walther et al

Number of participants

30

20

Age in years

57

45

Number of women (%)

15 (50)

16 (80)

Body mass index in kg/m²

30.7

Not reported

Symptom duration in months

15.5

Not reported

Pain on 100 mm VAS

54.7

Not reported

Recruitment method

Newspaper advertisements

Orthopaedic outpatient clinic

Plantar fascia thickness in mm
Participant position during PDU
assessment

6.4

6.1

Prone with feet resting over edge

Prone with feet resting over edge

Transducer contact

Acoustic coupling gel

Acoustic coupling gel

Pulse repetition frequency

781 Hz

1102 Hz

Table 4.2. Participant characteristics and PDU assessment techniques for the present study compared with those of
Walther et al.

There were fundamental methodological similarities between the present study and Walther et al,75
but both studies involved relatively small samples, which may have led to imprecision in the
estimates of the between-group differences. Therefore, pooling the results from the two studies via
meta-analysis will provide a more precise estimate (due to an increased sample size) of the
relationship between plantar fasciitis and hyperaemia seen on PDU. Meta-analysis utilising the
inverse variance (random effect) method57 revealed that participants with plantar fasciitis were eight
times more likely than controls to have at least mild hyperaemia on PDU (pooled odds ratio = 8.18,
95% CI = 2.19 to 30.55, P = 0.002). As expected, inspection of the forest plot for this analysis (Figure
4.6) shows that the odds ratio for the Walther et al75 study was greater than that of the present
study. However, the pooled estimate was closer to that of the present study, as it contained a larger
sample size and thereby had a higher weighting in the meta-analysis. In relation to the systematic
review presented earlier in this thesis (section 2.5), the pooled odds ratio for hyperaemia is
approximately the same as that for subcalcaneal spur formation (OR = 8.52), although substantially
lower than that for plantar fascia thickening > 4.0 mm (OR = 105.11) and hypoechogenicity (OR =
204.12) seen on ultrasound.

126
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0.01

0.1
1
10
100
Control Plantar fasciitis

Figure 4.6. Forest plot of studies reporting hyperaemia of the proximal plantar fascia by power Doppler ultrasound.

Finally, clinicians and sonographers assessing the plantar fascia with PDU should be aware of the
normal vascular anatomy of the region, and the potential artifacts that can mimic hyperaemia within
the tissue. For example, the lateral plantar artery is a relatively large vessel that crosses the inferior
heel superficial to the plantar fascia, and therefore could be incorrectly identified as neovascular
activity. As shown below in Figure 4.7, this vessel is particularly visible on PDU when assessing the
plantar fascia in cross-section, as it traverses in a medio-lateral direction from the tarsal tunnel to
the lateral midfoot. The lateral plantar artery can also be seen on a longitudinal image (Figure 4.7),
and should therefore be considered when assessing the region in either plane. Figure 4.7 also
demonstrates that increased PDU signal is commonly observed at the inferior cortical surface of the
calcaneus, which is an artifact caused by the difference in tissue density, and therefore echogenicity,
between bone and the surrounding soft tissue.75 Increased signal in this area should therefore be
interpreted with caution and typically does not represent true hyperaemia of the soft tissue.75

A

B

Figure 4.7. A cross-sectional (A) and longitudinal (B) Doppler sonogram of the plantar fascia showing the lateral plantar
artery (top) and artifact at the inferior surface of the calcaneus. These features do not represent true increased vascularity
of the soft tissue.
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4.3.1.2 Question two
If increased PDU signal is observed in the plantar fasciitis group, is there a correlation with duration
or severity of symptoms?
Question two - response
As discussed in the previous section, a key finding reported in the Walther et al study was a
significant negative correlation between hyperaemia grade and pain duration (Spearman ρ = -0.68, P
< 0.05), leading the authors to suggest that hyperaemia seen on PDU represents and early
proliferative phase of the condition. However, despite involving participants with a relatively even
spread of pain durations, including a large proportion (30%) with a symptom history ≤ 6 months, no
such relationship was found in the present study. This can partially be explained by the low grade
hyperaemia findings among plantar fasciitis participants in the present study, where of the eight
participants graded with a positive PDU signal, only three were graded with a level above grade two
(Figure 4.8).
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Figure 4.8. Longitudinal Doppler sonograms of the plantar fascia showing: A) normal tissue perfusion (grade 1), B) mild
hyperaemia (grade 2), C) moderate hyperaemia (grade 3) which was observed in two participants with plantar fasciitis and
none of the controls, and D) marked hyperaemia (grade 4) which was observed in only one participant with plantar fasciitis
and none of the controls.

As shown in the scatter plot below (Figure 4.9), the predominance of negative and low grade
hyperaemia scores in the present study caused the few higher scores to appear as outliers, and the
slope of central tendency was therefore at a relatively low level, between hyperaemia grades one
and two. In addition to this, the majority of plantar fasciitis participants graded as negative for
hyperaemia had a symptom history of less than twelve months, thereby countering the effect of
higher hyperaemia scores among participants with similar symptom durations (Figure 4.9).
Accordingly, it seems likely that the overall conservative results of the present study, where
hyperaemia was present in only a small proportion of participants and to a limited degree, had
inadequate strength in relation to correlation tests and therefore did not reveal any relationship
between hyperaemia and pain duration.

Figure 4.9. A scatter plot showing no relationship between hyperaemia and symptom duration for participants with plantar
fasciitis. The image shows a cluster of participant values (red oval) within approximately 12 months of symptom onset that
were graded as negative for hyperaemia.
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Furthermore, as plantar fasciitis is typically regarded as a self-limiting condition in which pain
gradually reduces over time (i.e. pain and time are thought to have a relationship), it is unsurprising
that the correlation value for hyperaemia and pain duration was similar to that for hyperaemia and
pain severity in the present study (Spearman ρ = 0.01 and ρ = 0.03 respectively). In order to verify
this relationship, an additional analysis was undertaken that revealed a significant negative
correlation between plantar fasciitis symptom duration and pain severity (Pearson r = -0.38, P =
0.037) (Figure 4.10). This finding confirms that participants within an earlier phase of the condition
tend to have higher pain levels. Therefore, considering the overall correlation findings of this study,
patients within an early phase of plantar fasciitis are likely to experience relatively high levels of heel
pain, but are not more likely to exhibit hyperaemia compared to patients with a longer history of
symptoms. This has implications regarding clinical management of the condition, as the
aforementioned treatments targeting neurovascular in-growth (e.g. injection of sclerosing agents)
should not be offered to patients with plantar fasciitis according to duration of symptoms, but rather
on the vascularity findings of PDU assessment.

Figure 4.10. A scatter plot showing the relationship between heel pain magnitude and symptom duration for participants
with plantar fasciitis.
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4.3.2 Conclusion
The cross-sectional observational study presented in this section has investigated the occurrence of
increased vascularity in plantar fasciitis with use of Doppler ultrasonography. This study found that
low grade hyperaemia is a feature of plantar fasciitis and that people with the condition are more
likely to exhibit this abnormality compared to the asymptomatic population. However, this study
also found that the majority of people with plantar fasciitis are likely to show normal tissue
perfusion, and the occurrence of hyperaemia cannot be predicted by duration or severity of
symptoms. These findings are somewhat different to the results of previous work on this topic,
thereby highlighting the scientific value of multiple individual studies addressing the same research
question.
Although the imaging method used in this project was not able to directly identify the presence of
neural structures, the occurrence of neural in-growth can be inferred with reasonable certainty by
drawing on histological evidence that shows a close relationship between nerves and blood vessels
in soft tissue conditions. With this in mind, the findings of the research presented in this chapter
indicate that neurovascular in-growth may be a pain mechanism involved with plantar fasciitis,
which has importance considering the likely absence of inflammatory processes in the condition.
Therefore, some patients with plantar fasciitis may benefit from treatment with agents that target
neurovascular function (e.g. polidocanol). However, the study results also indicate that selection of
patients for such treatment cannot be determined by clinical history taking, but rather by the
findings of PDU assessment. Considering this, and as injection of sclerosing agents for treatment of
plantar fasciitis had not been investigated at the time of writing this thesis, the effectiveness of this
intervention could be an interesting topic for future PDU related research.
Finally, this study only included a relatively small sample of people with plantar fasciitis (n = 30), so it
is possible that the reported PDU findings may not represent the true spectrum of vascularity for this
condition in the population. As previously pointed out when discussing the work by Walther et al,75 it
is possible that people with severe levels of heel pain may be more likely to show evidence of
hyperaemia, and such people were not well represented in the present study due to the recruitment
strategy used. In addition, it is feasible that the Doppler sensitivity across different ultrasound
machines can vary even when similar gain and PRF settings are used. Therefore, use of a different
ultrasound unit in the present study may have led to a different outcome. Therefore, considering the
limitations of the studies undertaken on this topic to date, further research involving a larger sample
size and participants from a variety of clinical settings would be of value.
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5. Conclusion
The primary aim of this thesis was to investigate the diagnostic ultrasound features associated with
plantar fasciitis, and to determine the effectiveness of ultrasound-guided corticosteroid injection for
treatment of the condition.
5.1 Overview of the studies conducted in this thesis
Three studies were presented in this thesis, which investigated various applications of
ultrasonography in relation to the diagnosis and treatment of plantar fasciitis. The first study was a
systematic review, which established the widespread use of ultrasonography as a diagnostic and
research modality. By undertaking meta-analyses, the review synthesised data from studies with
similar methodologies and presented pooled estimates for the most common imaging features of
plantar fasciitis. Furthermore, regarding the clinical management of the condition, the systematic
review revealed a strong relationship between a diagnostic threshold value (i.e. greater than 4.0 mm
thickness of the fascia on ultrasound) and the presence of plantar fasciitis symptoms. This finding
was subsequently incorporated into the research projects conducted in the thesis.
This thesis has also explored the literature relating to the treatment of plantar fasciitis, with
particular emphasis on corticosteroid injection. In so doing, this intervention has been shown to be
widely utilised by clinicians for the condition, although with limited evidence to support its use.
Therefore, to address this shortcoming, the second study, a randomised trial was undertaken to
determine the effectiveness of corticosteroid injection for the treatment of plantar fasciitis, using an
image-guided injection technique to enhance the procedure accuracy. Ultrasound-guided
corticosteroid injection was shown to be effective in the short-term, with significantly better pain
relief associated with the intervention at four weeks. This finding has additional value considering
that a safer, high solubility corticosteroid was used, which importantly, demonstrated that pain relief
can be obtained with a relatively low risk of harm (e.g. lower risk of fascia rupture). Therefore, the
findings of the randomised trial in this thesis contribute to the evidence for the management of
plantar fasciitis, and will assist clinicians in their clinical decision-making.
In addition to the effect of the corticosteroid injection on pain, this was the first randomised trial to
also investigate its effect on the underlying tissue swelling of the plantar fascia. By comparing the
corticosteroid to a placebo, which controlled for improvement due to confounding effects, the trial
demonstrated that a single corticosteroid injection had a sustained biological effect on the plantar
fascia tissue. This unique finding provides an explanation for the patient reported pain relief
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following the injection, and shows that rather than having analgesic effects only (sometimes referred
to as ‘masking’), corticosteroids moderate various physiological processes within the plantar fascia
that are associated with plantar fasciitis. Therefore, in addition to presenting a low risk of harm, the
trial findings revealed that a single ultrasound-guided injection of a soluble corticosteroid has a
direct effect on the plantar fascia tissue, and that monitoring such changes objectively using
ultrasound could be a useful practice for clinicians and researchers involved with the condition.
The third study in this thesis also utilised ultrasonography in a cross-sectional observational design
to investigate changes in local vascular perfusion occurring with plantar fasciitis, demonstrating that
mild hyperaemia is associated with the condition. In accordance with the findings of histological
studies, this imaging feature suggests that neurovascular in-growth is a pain mechanism for some
people with the condition. In addition, this feature also indicates that power Doppler ultrasound
assessment can identify individuals that may benefit from targeted treatments (e.g. aimed at
neurovascular in-growth). However, the majority of participants with plantar fasciitis included in this
study did not have increased perfusion of the affected tissue, and a positive Doppler signal was not
associated with severity or duration of symptoms. These findings contrast those of a previous study
on this topic, which highlights the need for further research on whether hyperaemia in plantar
fasciitis represents an early proliferative phase of the condition.
In addition to discussing implications for clinical practice, this thesis has identified valuable questions
that could be addressed by further research. In particular, having established the effectiveness of a
highly soluble corticosteroid compared to placebo, a randomised trial comparing the effectiveness of
different corticosteroid agents for treatment of plantar fasciitis would be of substantial interest.
Within such a study, comparison of the pain relieving properties of low and high solubility agents
would be especially interesting at the eight week time point, or longer, as it is possible that acetate
compounds may reduce pain over an extended period of time. In addition to this, the extent of
vascular perfusion occurring with plantar fasciitis also requires further investigation, and future casecontrol studies could clarify the role of neurovascular in-growth by involving a larger sample of
participants. Leading on from this, the potential benefit of sclerosing injections into the plantar
fascia for people with positive Doppler ultrasound findings would also be an interesting topic for
further research, especially if comparisons are made between a sclerosing agent and another
injected substance such as a corticosteroid.
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Certain study limitations need to be acknowledged for some of the work carried out in this thesis.
The two clinical studies presented in this thesis (sections 3 and 4) contained some design limitations
that may have influenced the interpretation of findings. Firstly, the randomised trial may have a
limitation relating to external validity, or the generalisability of the findings to routine clinical
settings. This limitation arose from specific aspects of the trial intervention (e.g. regional anaesthesia
and ultrasound guidance), which may not typically be implemented in a primary care environment.
Secondly, the observational study had a relatively small sample size (n = 60), so the study findings
may not accurately represent the true spectrum of Doppler ultrasound findings among people with
plantar fasciitis in the population. Nevertheless, these limitations were acknowledged in the
discussion of both studies. Importantly, the scientific design (i.e. the internal validity) of these
studies was rigorous, and as a consequence these studies minimised potential bias which has
ensured accurate and precise findings.
In summary, this thesis has investigated the role of ultrasonography and image-guided corticosteroid
injection for the diagnosis and management of plantar fasciitis. Three major studies have been
presented in order to address this topic of enquiry, and all original research findings have been
either submitted for peer review or published within the scientific literature. In addition to the
preparation of published manuscripts, the findings of two investigations have been further explored
in this thesis by a more thorough explanation of their results, including comparisons to previous
related research. As the outcomes of the studies presented have been interpreted with the clinical
management of plantar fasciitis as the primary focus, it is hoped that clinicians involved with this
condition may benefit from this series of studies, and that like-minded researchers may acquire
useful material to guide further related investigations.
5.2 Thesis summary with reference to the primary research objectives
To address the primary aim of this thesis, four research objectives were developed (see page 7)
which are restated in order below. Following these, the main finding or findings from the related
studies in this thesis are concisely presented to address each objective.
(i) Conduct a systematic literature review to identify and summarise the most commonly reported
imaging features associated with plantar fasciitis.
Finding: A systematic review of 23 case-control studies was undertaken. The review
identified localised swelling of the plantar fascia as the most commonly reported imaging
feature associated with CPHP.

134

(ii) Determine the therapeutic value of ultrasound-guided corticosteroid injection for treatment of
plantar fasciitis.
Findings: A parallel-group, participant- and assessor-blinded, randomised controlled trial was
undertaken involving 82 participants with plantar fasciitis. The trial found that, compared to
placebo, a single ultrasound-guided corticosteroid injection is a safe and effective short-term
treatment for plantar fasciitis.
(iii) Investigate the effect of ultrasound-guided corticosteroid injection on the underlying imaging
features of plantar fasciitis, by monitoring the condition with ultrasound prospectively over time.
Finding: Following intervention, participants in the randomised trial were monitored with
diagnostic ultrasound at four-week intervals for three months. Compared to placebo, a
single ultrasound-guided corticosteroid injection was shown to continuously reduce plantar
fascia swelling over this period.

(iv) Explore the presence of increased vascularity in plantar fasciitis with use of power Doppler
ultrasonography.
Findings: A cross-sectional observational study revealed that mild hyperaemia is associated
with plantar fasciitis. However, markedly increased vascularity was not found to be a feature
of the condition.
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6. Appendices
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6.1 Published manuscript for systematic literature review
This appendix contains the published manuscript for the systematic literature review presented in
section 2.5 (page 20). The article was published in the Journal of Foot and Ankle Research in
November 2009. The citation for the article is shown below.
McMillan AM, Landorf KB, Barrett JT, Menz HB, Bird AR. Diagnostic imaging for chronic plantar heel
pain: a systematic review and meta-analysis. Journal of Foot and Ankle Research 2009; 2:32
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6.2 Published manuscript for randomised controlled trial protocol
This appendix contains the published manuscript for the randomised controlled trial protocol
presented in section 3.2 (page 72). The manuscript was published in the Journal of Foot and Ankle
Research in July 2010. The citation details for the published article are shown below.
McMillan AM, Landorf KB, Gilheany MF, Bird AR, Morrow AD, Menz HB. Ultrasound guided injection
of dexamethasone versus placebo for plantar fasciitis: protocol for a randomised controlled trial.
Journal of Foot and Ankle Research 2010;3:15
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6.3 Peer review process for randomised controlled trial
This appendix contains the author response document submitted as part of the peer review process
for the randomised controlled trial presented in section 3.3 (page 86). Please note that in order to
retain the original text received from the journal editor, typographical and grammatical errors within
the editorial and reviewer comments have not been amended.
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6.3.1 Comments made by the British Medical Journal Editorial Committee
Editorial comment 1
Participants were recruited via multiple newspaper advertisements and hence may be quite a biased
group. This should be discussed and highlighted as a limitation.
Editorial comment 1 - response
The following sentences have been inserted under the ‘Strengths and limitations’ sub-heading of the
Discussion section: “However, it is possible that the recruitment method used (advertisements placed
in major daily newspapers) produced a sample that does not fully represent the characteristics of
patients seen in general practice for management of heel pain. This factor may limit the
generalisability of the trial findings, and should be considered by clinicians when interpreting the
results.”
Editorial comment 2
A sample size calculation is given but requires some amendment since the outcome is compared
between groups at 3 time points, there should be adjustment for this i.e. the power calculation
needs adjustment for multiple looks.
Editorial comment 2 - response
Although a single time point was not pre-specified for our sample size calculation, the 4 week followup was considered by the authors as the most likely time point for clinical benefit, and we measured
outcomes at 8 and 12 weeks to obtain data for the duration of effect only. This expectation was
based on the pharmacokinetics of a single corticosteroid injection (i.e. decreasing effectiveness over
time), and the findings of previous research which reported short-term clinical effects only.111
Therefore, regarding sample size calculation, we did not require a positive outcome at multiple time
points (i.e. 4 weeks and 8 weeks and 12 weeks) in order to consider the treatment successful.
Rather, we considered that a positive outcome at any individual time point (i.e. 4 weeks or 8 weeks
or 12 weeks) indicated clinical ‘success’, and expected the 4 week time point as most likely in this
regard (as described above). Therefore, as our sample size calculation was based on detecting a
difference between groups at independent time points, we propose that the calculation does not
require adjustment, and that the trial was appropriately powered.176
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Under the ‘Sample size’ subheading of the Methods section, the manuscript has been changed to
the following: “Although a single time point was not pre-specified for sample size calculation, the 4
week follow-up was considered as the most likely time point for clinical benefit, and we measured
outcomes at 8 and 12 weeks to obtain data for the duration of effect only. This expectation was
based on the pharmacokinetics of a single corticosteroid injection (i.e. decreasing effectiveness over
time), and the findings of previous clinical research.111”
Editorial comment 3
Carrying the baseline observations forward is not ok as it can lead to biased results. Please use
multiple imputation to deal with missing data instead.
Editorial comment 3 - response
In response to this comment, baseline observations carried forward have now been removed and all
missing data have been replaced using multiple imputation. All data reported in tables and the main
manuscript have been adjusted to reflect this change. In addition, the following sentence has been
added to the Methods section of the manuscript: “Multiple imputation was used to replace missing
data for primary and secondary outcomes at each follow-up, using five iterations, with baseline
scores and group allocations as predictors.159 160” This change has resulted in only small statistical
changes to the trial results, and the overall findings remain the same. Please see Tables 6.1 and 6.2
below for the primary outcome results, showing the original data (BOCF) followed by adjustments
from the multiple imputation method.
Editorial comment 4
Regressions adjusted for baseline values is appropriate but our statistician was not clear on what
ANCOVA adds. Please justify.
Editorial comment 4 - response
ANCOVA was used for statistical comparisons in order to account for mean differences between
groups at baseline, which may cause an issue with regression to the mean.156 177 When a difference
between groups exists at baseline (as in this trial, e.g. Figure 3.7), analysis of absolute change scores
can lead to bias, as the group with a higher baseline score is more likely to improve (via regression to
the mean) compared to the group with a lower score.161 ANCOVA accounts for this by incorporating
baseline scores as covariates, resulting in an adjusted between-group difference at follow-up.
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Therefore, we believe ANCOVA adds precision to our analyses, leading to a more accurate estimate
of the true treatment effect.

Time interval

Adjusted between group difference
Mean (SE)

95% CI

P value

4 weeks BOCF
M. imputation

10.4 (4.8)
10.9 (4.8)

0.8 to 20.0
1.4 to 20.4

0.03
0.03

8 weeks BOCF
M. imputation

5.2 (4.9)
5.6 (5.1)

-4.5 to 15.0
-4.5 to 15.6

0.29
0.28

12 weeks BOCF
M. imputation

4.4 (5.5)
5.3 (5.6)

-6.5 to 15.4
-5.7 to 16.3

0.42
0.34

Table 6.1. Pain results: original (BOCF) and multiple imputation.

Time interval

Adjusted between group difference
Mean (SE)

95% CI

P value

4 weeks BOCF
M. imputation

-0.33 (0.16)
-0.35 (0.16)

-0.65 to -0.01
-0.67 to -0.03

0.04
0.03

8 weeks BOCF
M. imputation

-0.37 (0.17)
-0.39 (0.17)

-0.71 to -0.02
-0.73 to -0.05

0.04
0.02

12 weeks BOCF
M. imputation

-0.45 (0.21)
-0.43 (0.21)

-0.87 to -0.04
-0.85 to -0.01

0.03
0.04

Table 6.2. Plantar fascia thickness results: original (BOCF) and multiple imputation.

Editorial comment 5
The 4 and 8 week differences in Figure 3.8 don’t look significant (as shown in Table 3.4), please check
these. We suggest that the trial is 'negative' and should be reported as such - we still consider this
to be useful.
Editorial comment 5 - response
We agree that between-group differences for plantar fascia thickness measured at 4 and 8 weeks
appear small in Figure 3.8 (page 100). However, the figure also shows a relatively large between
group difference at baseline, which is adjusted for by the ANCOVA model (i.e. after adjustment for
baseline scores as a covariate, ANCOVA shows a significant difference between groups – please also
see our response above to Comment 4).
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Editorial comment 6
We urge you to consider multilevel modelling of the trajectories within patient. This approach would
take into account the variation in measurement times (they probably weren’t all measured at exactly
4 and 8 weeks) and actually quantify different patterns of response to treatment (or not) over time.
Similarly Figures 3.7 and 3.8 as individual line plots would be more informative and show any
outliers. – It’s not clear what the bars are in these figures (1 SE?).
Editorial comment 6 - response
Regarding variation in measurement time between groups, the following sentence has been added
to the Results section of the manuscript: “Also, mean differences between groups for days to followup were not statistically significant at any time point: 4 weeks (0.16 days, 95% confidence interval 1.67 to 1.35, P = 0.84), 8 weeks (0.97 days, 95% confidence interval -2.16 to 4.11, P = 0.54) and 12
weeks (0.56 days, 95% confidence interval -4.93 to 3.80, P = 0.80).”
We agree that individual line plots are informative and have shown these below (Figure 6.1).
However, we believe that line plots showing the mean trend-lines for each group better match and
illustrate the data included in our tables, as opposed to line plots for each individual participant.
Moreover, as the individual line plots appear very cluttered, we think the original figures are more
presentable for the manuscript. Finally, the standard error bars in Figures 3.7 and 3.8 demonstrate
the extent of variability around the group mean, thereby providing the reader with a summary
measure that is more easily interpreted. The titles for Figures 3.7 and 3.8 have been amended to
indicate that bars represent standard errors (SE).
A) Pain – placebo group

B) Pain – dexamethasone group

162

C) Plantar fascia thickness – placebo group

D) Plantar fascia thickness – dexamethasone group

Figure 6.1. Individual line plots for primary outcomes.

Editorial comment 7
Please be more cautious about interpreting the results and discuss the clinical significance of the
findings carefully, for example that for patients there is often a treatment imperative early on even if
the duration of effect is short.
Editorial comment 7 - response
Several changes have been made to provide a more conservative interpretation of results (listed
below).
Abstract, Conclusion
•

The first sentence has been amended to include the term “short-term”.

•

The following sentence has been inserted at the end of the conclusion, as a final
statement: “However, clinicians offering this treatment should also note that significant
pain relief did not continue beyond 4 weeks.”

Discussion
Prior to presenting the number needed to treat analysis for pain at 4 weeks, the following
sentence has been inserted: “Regarding pain relief at 4 weeks, it should be noted that while
the mean difference between groups (11 points) was statistically significant, it only
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approached the minimal important difference for this outcome measure (13 points),154 and
therefore represents a suboptimal clinical change.”
Conclusion
•

The first sentence has been amended to include the term “short-term”.

•

The following sentence has been inserted as a final statement: “However, clinicians
offering this treatment should also note that significant pain relief did not continue
beyond 4 weeks.”

What this study adds
The first sentence has been amended to include the term “short-term”.
6.3.2 Comments made by Reviewer A
Reviewer A, comment 1
First, I don't think they have addressed the issue of multiple testing. I think some test such as area
under the curve for all measurement points would be appropriate.
Reviewer A, comment 1 - response
Regarding area under the curve, we have undertaken this analysis178 for the two primary outcomes
(pain and plantar fascia thickness), which are shown in Table 6.3 below. However, we believe there
are several statistical limitations when using this technique to analyse the results of a randomised
trial, and have listed these below.

Outcome variable

Dexamethasone
Mean (SD)

Placebo
Mean (SD)

Between group
difference
Mean (SE)

95% CI

P value

Pain

688.6 (240.7)

610.2 (238.1)

-78.4 (52.9)

-183.7 to 26.8

0.14

Plantar fascia
thickness

72.8 (14.0)

72.9 (15.3)

0.04 (3.2)

-6.4 to 6.5

0.99

Table 6.3. Area under the curve analysis.

(i) Area under the curve analysis does not adjust for differences between group means at
baseline (as occurs with ANCOVA), which can lead to a biased result (please also see our response to
Editorial comment 4). For example, consider pain measured by a VAS: a group with a high mean
baseline score that improves substantially over time can have a large area under the curve, and a
group with a low mean baseline score that improves marginally can have a small area under the
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curve. Statistical analysis of the difference between these groups (using area under the curve data)
could favour the group with marginal gains, leading to a false conclusion.
(ii) Area under the curve does not distinguish between positive and negative treatment
effects. For example, a participant with a high baseline score who improves over time could have the
same area under the curve as a participant with a low baseline score who worsens over time.
(iii) A single measure of ‘overall’ effect without utilising consecutive time points is less
clinically useful. In particular, as this trial measured the effect of a single administration of the
treatment (i.e. a single injected dose of corticosteroid), rather than a period of serial injections, we
believe that three consecutive time points provide clinically useful information regarding the
duration of effect. Furthermore, variation in therapeutic effect over time is important to clinicians
offering injection therapy, as the expected duration of pain relief is an essential part of patient
counselling.
Based on these limitations, and as we did not specify area under the curve in the trial protocol,157 we
believe this method is not appropriate for analysing our data, and propose that the original ANCOVA
results be retained. Furthermore, we agree that choosing one primary time point at which to
measure outcomes is preferable, and also acknowledge the 2010 revised CONSORT
recommendations179 regarding this: “When outcomes are assessed at several time points after
randomisation, authors should also indicate the pre-specified time point of primary interest.” Based
on the pharmacokinetics of a single corticosteroid injection (i.e. decreasing effectiveness over time),
and the findings of previous research which reported short-term clinical effects only,111 the 4 week
time point was considered by the authors to have primary importance in this trial. However, as the
trial was registered prior to publication of the 2010 CONSORT revision, we did not pre-specify a
single primary time point in the trial protocol, and considered that a change to the protocol after
commencement would be detrimental to overall scientific quality.
Reviewer A, comment 2
Second, a limitation of the trial is that a single operator delivered the treatment. It clearly requires
some skill to deliver the treatment at the required point and although the podiatrist did both
treatments and was blinded to the substance it might be that in other hands through misplacement
of the steroid that not such good results would ensue. I would like to see some description of the
podiatrists level of experience - how many, approximately, procedures had he carried out before he
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injected the trial patients, how many years of experience, training etc. Would an ordinary UK
podiatrist or GP, or rheumatologist be capable of delivering the treatment in a similar way.
Consequently I would like to see some description of the podiatrist's skill in the methods section and
a discussion of whether the results are generalisable in the discussion.
Reviewer A, comment 2 - response
We agree that the podiatrists’ level of experience and the overall injection technique used may
affect generalisability to routine clinical settings. To address this, we have inserted several sentences
into the manuscript that provide further information, and that urge clinicians to consider these
factors when interpreting the results.
Methods, Interventions
The following two sentences have been inserted regarding the podiatrists’ clinical
experience: “All injection procedures were performed by a podiatrist (AMcM) with two years’
experience in performing regional anaesthetic procedures, and who obtained further clinical
tuition regarding ultrasound guidance techniques. Prior to commencement of the trial, the
podiatrist tested the ultrasound-guided procedures on several pilot subjects to ensure
accuracy and standardisation was obtained throughout the trial duration.”
Discussion, Strengths and Limitations
The following sentences have been inserted regarding generalisability to routine clinical
settings: “…several other aspects of the trial intervention may limit external validity or
generalisability to common clinical settings, and the findings might therefore be considered
to have greater explanatory rather than pragmatic applications. Other factors limiting
generalisability include: (i) provision of regional anaesthesia, (ii) use of an ultrasound-guided
injection technique, (iii) selection of a corticosteroid (dexamethasone) not often chosen by
clinicians treating foot and ankle disorders,90 and (iv) injection of plain corticosteroid solution
(without mixing with a local anaesthetic). Any of these factors may introduce points of
difference between the overall procedure tested in this trial, and the techniques routinely
used by clinicians such as general practitioners, podiatrists, rheumatologists and radiologists.
These points of difference should be carefully considered by clinicians when interpreting the
trial findings, as variation in clinical techniques may lead to different patient outcomes.”
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Reviewer A, comment 3
Another issue related to the previous one is with respect to the patient population. These were
recruited by advertisement. How typical are these patients in terms of who would be seen in a
podiatry clinic or presenting to the GP - do the authors have any information on this. They might
add a sentence or two in the discussion on the potential limitations to generalisability from this
method of recruitment.
Reviewer A, comment 3 - response
A systematic review of 23 case-control studies investigating diagnostic imaging for plantar fasciitis148
reports the following characteristics for case group participants (i.e. people with clinically diagnosed
plantar heel pain or plantar fasciitis) in comparison to our trial:

Systematic review: 23 groups of heel
pain patients (n=714)
Range for mean age (years)

Our trial (n=82)
43 - 55

Mean age (years)

52.7

Sex distribution

F>M

Sex distribution

F < M (48% Female)

Range for mean BMI

24.5 - 34.2

Mean BMI

31.2

Range for mean duration of symptoms
(months)

5.7 - 12.0

Median duration of symptoms
(months)

9

Table 6.4. Participant characteristics compared to diagnostic imaging review.

These studies were typically conducted in hospital radiology clinics and involved participants
referred by primary care physicians. Therefore, the characteristics of participants in the systematic
review are likely to be a good representation of those of the true population (i.e. the population
attending general medical clinics). In comparison to the systematic review, the characteristics of
participants in this trial appear to be typical (Table 6.4), with the exception of sex distribution (more
males). In order to address this, the following sentence has been inserted to the Discussion,
Strengths and Limitations: “Notably, the sample in this trial contained a larger proportion of males
than females (52% male), which is not typical compared to other samples for plantar fasciitis
studies.148 In addition, please see our previous response to Editorial Comment 1 regarding our
recruitment methods via newspaper advertisements and generalisability.
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6.3.3 Comments made by Reviewer B
Reviewer B, comment 1
Abstract: You fail to mention, that all patients underwent an eight-week stretching program during
the study period.
Reviewer B, comment 1 - response
As both groups were prescribed the standardised stretching program, this was not a point of
difference between groups, and therefore cannot influence treatment outcomes. Please see our
response to Comment 9 (below) regarding equality between groups for adherence to the stretching
program. Considering this factor and the overall control in the trial design, we are confident that the
pharmacological effect of corticosteroids is the only difference between groups, and have intended
the Abstract to convey this to readers.
Reviewer B, comment 2
Eligibility criteria: Please list, in a separate table, the various treatment methods patients had
received from start of symptoms until enrolment in your trial.
Reviewer B, comment 2 - response
Please refer to the following two sentences under ‘Setting and eligibility criteria’: (i) “Potential
recruits were excluded from the study if they had received a corticosteroid injection for plantar
fasciitis within the previous six months” and (ii) “Applicants were also excluded [……] if they had
commenced any treatment regimen for plantar fasciitis within four weeks prior to enrolment.” Other
than these two factors, we believe that the individual treatment history of participants did not
interfere with our evaluation methods, and is therefore not necessary for inclusion in the
manuscript.
Reviewer B, comment 3
In the introduction you mention plantar fasciopathy to be self-limiting. Then, you choose patients
with only small to moderate pain situations (VAS: >20; mean 37 and 36 in both groups).
Reviewer B, comment 3 - response
As participants were randomly allocated to treatment groups, ‘natural resolution’ of symptoms over
time is expected to have occurred equally in both groups, and is therefore not a point of difference
between groups.

168

Also, the values quoted by the reviewer above (mean 37 and 36) are for the pain domain of the Foot
Health Status Questionnaire (FHSQ), which is not measured by a VAS (in fact, the FHSQ is a reversed
score compared to VAS, with 0 representing worst foot health and 100 representing best foot
health, so the mean FHSQ scores at baseline indicate quite bad pain). Alternatively, Table 7 of the
manuscript shows mean ‘first step’ pain scores at baseline (measured on a 100 mm VAS) to be
approximately 60 mm for each group (again, representing quite bad pain). Furthermore, regarding
the inclusion criterion for > 20 mm VAS pain, we expected participants to have higher levels of pain
at baseline (as shown in Table 1 of the manuscript), and only considered this the minimum level of
symptoms at which a corticosteroid injection would be clinically indicated.
Reviewer B, comment 4
I think it is irrelevant to report a thinning of the plantar fascia in the treatment group in the range of
a third of a millimetre. This is a pure statistical figure. Nobody can measure this small difference in
an individual, let alone when you have more than one investigators doing the ultrasound
examination of the plantar fascia.
Reviewer B, comment 4 - response
Randomised trials are designed to evaluate systematic between-group differences by statistical
analysis, as opposed to individual changes that are evaluated by an individual assessor. Please see
our response to Comment 5 (below) for further discussion on measuring individual improvement in
plantar fascia thickness. Also, throughout the trial duration, all ultrasound measurements were
performed by a single investigator - please see our response to Comment 10 (below) for further
description of this.
Reviewer B, comment 5
It would be more interesting to get information on how many patients in either group had a PF
thickness of less than 4 mm at 4, 8 and 12 weeks.
Reviewer B, comment 5 - response
We agree that a dichotomous estimate of plantar fascia improvement would be clinically useful.
However, the 4.0 mm threshold value was used as an eligibility criterion only, and the difference
between groups for plantar fascia thickness at baseline would not be accounted for if a raw value is
used. Therefore, rather than dichotomising raw scores for plantar fascia thickness at each
measurement point, we believe a minimum ‘change score’ could be used instead. Accordingly, as a
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minimum clinically important difference for change in plantar fascia thickness has not been
published, we dichotomised plantar fascia thickness data by considering that a measurable
improvement in plantar fascia thickness occurred when it was reduced by -0.7 mm or more. This
value is derived from the 95% limits of agreement for measuring plantar fascia thickness by
ultrasound, as reported in the Discussion.
Based on this criterion, we have calculated the number needed to treat (which incorporates the
success rates for each group) for a measurable change in plantar fascia thickness, and the following
sentences have been inserted to the Discussion, Explanation of results: “In order to incorporate this
value into the present trial results, plantar fascia thickness data was dichotomised by considering
that a measurable improvement in plantar fascia thickness occurred when it was reduced by -0.7
mm. According to this criterion, the number needed to treat with dexamethasone for one successful
outcome with respect to plantar fascia thickness at 4 weeks was 3 (3.15, 95% confidence interval
2.00 to 7.35).”
Reviewer B, comment 6
Exclusion. Were patients excluded, for example, if they had been prescribed orthosthes more than 4
weeks, and they were using them at the time you wanted to enrol them in your study ?
Reviewer B, comment 6 - response
As described under Methods, Setting and eligibility criteria, applicants were excluded “if they had
commenced any treatment regimen for plantar fasciitis within 4 weeks prior to enrolment.” Foot
orthoses were not considered as an exception to this criterion, and participants who had
commenced treatment with foot orthoses more than 4 weeks prior to commencement in the trial
were not excluded. This decision is based on pre-existing conservative treatments providing a
stabilised therapeutic effect, which is expected to remain relatively constant throughout the trial
duration (thereby having no effect on an individual’s change over time). However, participants using
foot orthoses were advised not to change their established routine (e.g. not to wear new devices,
and not to stop using current devices) during their enrolment in the trial, in order for this factor to
remain constant.
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Reviewer B, comment 7
Interventions. You claim to minimise the pain associated with a heel injection. However I cannot find
any data in the paper on how painful the injection was felt by the patients. Please forward those
data.
Reviewer B, comment 7 - response
As described in the Methods section, an ultrasound-guided tibial nerve block was performed to
minimise pain associated with the heel injection. This was a standardised procedure performed on
all participants by the blinded investigator (AMcM), and was not a point of difference between
groups. Therefore, the trial was not designed to measure the effectiveness of the nerve block. For all
participants, the investigator performing injections ensured a sufficient degree of anaesthesia had
been achieved prior to injecting the heel, using a neurological examination pin.
Reviewer B, comment 8
Did you use sterile ultrasound gel?
Reviewer B, comment 8 - response
Yes, sterile transmission gel was used for all injection procedures. The following sentence has been
inserted into the Methods, Interventions section of the manuscript: “Sterile transmission gel and
transducer covers were used throughout all injection procedures.”
Reviewer B, comment 9
Patients were requested to complete a daily stretching program according to DiGiovanni. Who
taught subjects the stretching? Was there a control of how they did it within the trial period? And,
the major flaw of this trial, you produce no data at all on the compliance with which this training was
carried out. In my opinion, as long as you cannot exclude a varying compliance between the groups,
your small between-group differences lack reliability.
Reviewer B, comment 9 - response
The stretching program was demonstrated to participants on the day of their injection, and they
were also given an instruction sheet with diagrams/photographs. Regarding adherence to the
stretching program, the stretching instruction sheet also included a ‘log-sheet’ where participants
were asked to record their stretching frequency. These log sheets were collected at the 8 week
follow-up and were evaluated for differences between groups at conclusion of the trial. The results
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indicated that 30/41 participants in the placebo group, and 33/41 participants in the dexamethasone
group adhered to the program. Cross tabulation showed no significant difference between groups
for stretching adherence (P = 0.60). As both groups were advised to stretch, and as the data above
indicates that stretching was conducted similarly in both groups, we believe this is not a major flaw
as suggested by the reviewer. The following sentences have been inserted into the manuscript
regarding adherence to the stretching program.
Methods, Interventions
“Participants were asked to record their adherence to the stretching program (i.e. stretching
frequency) on an individual log sheet.” Please note that a similar sentence appeared in the
trial protocol (page 3).157
Results
“Also, cross tabulation showed no significant difference between groups for adherence to
the stretching program (P = 0.60).”
Reviewer B, comment 10
Who did the ultrasound measurements? One or more investigators? Repeated measurements and
then mean? Or one measurement only?
Reviewer B, comment 10 - response
The following information is included in the Methods section, under the Randomisation, treatment
allocation and blinding heading: “…ensuring the investigator (AMcM) that performed injections,
measured outcomes and processed data was blinded throughout the trial.” However, to improve
clarity, the following sentence has been inserted in the Methods section, as a final statement under
the Primary outcomes heading: “All ultrasound measurements were performed by a single
investigator (AMcM) who was blinded throughout the trial duration.”
Regarding the measurement technique, several images of the plantar fascia were captured on each
occasion with one measurement recorded. The intra-rater reliability of the ultrasound measurement
technique used in the trial has not been investigated in detail. However, as reported in the
Discussion, one study has reported the 95% limits of agreement to range from -0.7 mm to 0.5 mm.
Furthermore, as the measurement technique was standardised and performed by a blinded
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operator, this was not a point of difference between groups, and therefore cannot influence
treatment outcomes.
Reviewer B, comment 11
Results: Adverse results: How soon after a corticosteroid injection do you expect a plantar fascia
rupture to occur? This is in most cases a creeping process.
Reviewer B, comment 11 - response
Two case-series reports for plantar fascia rupture, involving 37 patients106 and 43 patients,105 have
reported mean times to rupture (after corticosteroid injection) of 12 weeks and 10 weeks
respectively. Also, both studies reported using a fluorinated corticosteroid with very low tissue
solubility (triamcinolone). Therefore, considering a highly soluble corticosteroid was used in this trial
(fast onset, short duration), and that participants were enrolled for 12 weeks, it is likely that a
plantar fascia rupture would have been detected. Also, on discharge from the trial, participants were
advised to contact the primary investigator if they had any future concerns regarding the treatment,
and no adverse events were reported by this mechanism.
Reviewer B, comment 12
Primary outcomes: Line 36: In how far were between-group differences "adjusted"?
Reviewer B, comment 12 - response
Baseline measurements were treated as having a covariate relationship to outcome scores, and the
level of adjustment was determined by the ANCOVA formula.156
Reviewer B, comment 13
As told before, as long as you are not sure that both group carried out the plantar fascia-specific in a
comparable way, your small differences lack reliability completely.
Reviewer B, comment 13 - response
Please see our response to Comment 9 (above).

173

Reviewer B, comment 14
Give the number of patients in each group passing the minimal important difference of 13 points,
with regard to FHSQ pain subscale, and with regard to "first-step" pain. Is there a significant
difference?
Reviewer B, comment 14 - response
We believe this comment has been addressed by calculation of the number needed to treat for pain
at 4 weeks, which incorporates the success rates for each group based on achieving 1.5 times the
minimal important difference. The following description for this is taken from the second paragraph
of the Discussion: “…to express results in a more clinically meaningful way, we dichotomised pain
data by considering that a reasonable improvement in pain from a patient’s perspective occurred
when pain levels were reduced by 19.5 points on the pain domain of the FHSQ, being 1.5 times the
minimal important difference for this outcome.154 According to this criterion, the number needed to
treat with dexamethasone for one successful outcome with respect to pain at 4 weeks was 3 (2.93,
95% confidence interval 2.76 to 3.12).”
Reviewer B, comment 15
PF thickness: see your own words on Page 13, line 52: an observed decrease in plantar fascia
thickness of 0.7 mm or less could result from measurement error. Your measurement of a difference
of 0,3 mm have close to no significance in my opinion. And correlating this tiny effect with
improvement in pain maybe statistically correct. Clinically, it is not.
Reviewer B, comment 15 - response
The reviewer refers to measurement of plantar fascia thickness at an individual level, where intrarater reliability suggests that individual changes (not group mean differences) of -0.7 mm or less
could be the result of measurement error. Please also refer to our response to Comment 4 regarding
this distinction.
Reviewer B, comment 16
For a more realistic picture, give the number of patients in each group showing less than 4mm PF
thickness at 4,8, and 12 weeks.
Reviewer B, comment 16 - response
Please refer to our response to Comment 5 (above).
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Reviewer B, comment 17
From other enthesopathies we know there is a high recurrence rate after corticosteroid injection.
Give the number of patients that got worse after the 4-week follow-up.
Reviewer B, comment 17 - response
Data from participants that experienced worsening of symptoms over the trial duration are
incorporated into group mean values at each time point. With the exception of serious adverse
events, we believe the purpose of a randomised trial is to focus on systematic changes between
groups, rather than individual responses to the treatment. For this reason, we are confident that the
most accurate estimate for the treatment effect is derived from the group means and associated
standard deviations (i.e. by calculating the mean differences between groups).
Reviewer B, comment 18
Discussion: Much too long with 5 pages. Stick to comparison with previous studies, and to strengths
and limitations Explanation of results: good ! But much too long!
Reviewer B, comment 18 - response
Regarding the explanation of results, we believe an adequate discussion regarding the effect of
corticosteroid on pain mechanisms is warranted, considering the lack of evidence for inflammatory
pathways in plantar fasciitis. Similarly, to our knowledge, underlying change to the plantar fascia
morphology in response to treatment is a relatively novel finding, and requires some explanation.
We agree that the Strengths and Limitations paragraph is important and should be emphasised.
However, we also believe that to make sense of the trial limitations, it is important for readers to
understand our reasoning for the following clinical aspects of the trial procedure: (i) selection of
dexamethasone phosphate, (ii) use of ultrasound guidance, (iii) provision of regional anaesthesia,
and (iv) injection of plain corticosteroid (without mixing).
Reviewer B, comment 19
The major flaw, the only uncontrolled variable, in your trial, is the stretching program. It has been
shown to be effective in chronic PF patients. If you cannot be sure that both groups did a
comparable amount of stretching exercises, the small to no differences in your trial could be related
to differences in the stretching program. And not to differences between dexamethasone and
sodium chlorid.
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Reviewer B, comment 19 - response
Please see our response to Comment 9 (above).
Reviewer B, comment 20
Conclusion: To my mind, a treatment modality only slightly effective for 4 weeks, with potential
deleterious adverse effects (PF rupture, infection, heel pad atrophy) can neither be recommended as
safe or effective. Your data postulate a corticosteroid injection to the PF leads to reduction of PF
thickness. The clinical relevance of your measured between-group difference is negligible. As long as
the role of the plantar fascia-specific stretching program is not clarified, please be much more
restrictive with the interpretation of your data.
Reviewer B, comment 20 - response
Please see our response to Editorial comment 7, where several changes have been made to provide
a more conservative interpretation of results.
6.3.4 Comments made by Reviewer C
Reviewer C, comment 1
It is true that the study shows a significant effect on pain following corticosteroid injection in the
short term. However, it is also true that the study finds that there is no effect of the treatment
already after 8 and 12 weeks. This is perhaps the most important finding of the study, and consistent
with results of studies of corticosteroid injections in lateral elbow pain and shoulder pain. So the
clinical meaningful conclusion of the study is: there is no effect on pain and function of ultrasound
guided injection of corticosteroid in plantar fasciitis after 8 and 12 weeks, but only after 4 weeks.
Reviewer C, comment 1 - response
Our response to Editorial comment 7 includes details for several key changes to the abstract and
manuscript that provide a more conservative interpretation of results. These changes are repeated
here in order to address this comment. Also, we are willing to accept any further advice regarding
this and make changes as recommended.

Abstract, Conclusion
•

The first sentence has been amended to include the term “short-term”.
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•

The following sentence has been inserted at the end of the conclusion, as a final
statement: “However, clinicians offering this treatment should also note that significant
pain relief did not continue beyond 4 weeks.”

Discussion
Prior to presenting the number needed to treat analysis for pain at 4 weeks, the following
sentence has been inserted: “Regarding pain relief at 4 weeks, it should be noted that while
the mean difference between groups (11 points) was statistically significant, it only
approached the minimal important difference for this outcome measure (13 points)154, and
therefore represents a suboptimal clinical change.”
Conclusion
•

The first sentence has been amended to include the term “short-term”.

•

The following sentence has been inserted as a final statement: “However, clinicians
offering this treatment should also note that significant pain relief did not continue
beyond 4 weeks.”

What this study adds
The first sentence has been amended to include the term “short-term”.

177

6.4 Published articles for randomised controlled trial final manuscript
6.4.1 Summary article for randomised controlled trial final manuscript
This appendix contains a summary article for the randomised controlled trial presented in section
3.3 (page 86). In addition to publishing the full manuscript for the trial, the British Medical Journal
also published a summary article which is designed to convey the primary findings to readers in a
concise and clinically focused format.
This summary article was published online in May 2012 and was also included in Volume 344 of the
British Medical Journal print issue.
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6.4.2 Main article for randomised controlled trial final manuscript
This appendix contains the published manuscript for the randomised controlled trial presented in
section 3.3 (page 86). The article was published online in May 2012 and was also included in Volume
344 of the British Medical Journal print issue. The citation details for the article are shown below.
McMillan AM, Landorf KB, Gilheany MF, Bird AR, Morrow AD, Menz HB. Ultrasound guided
corticosteroid injection for plantar fasciitis: randomised controlled trial. British Medical Journal 2012;
344: e3260
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6.5 Ultrasound movies of injection procedures carried out for randomised controlled trial
This appendix contains images related to the injection procedures carried out during the randomised
controlled trial presented in section 3.3 (page 86). The images shown below demonstrate the
anatomy associated with the injection procedures. The ultrasound movie files for the injection
procedures are presented on a compact disc (CD), which can be found inside of the back cover of
this thesis.
6.5.1 Anatomy associated with the ultrasound-guided posterior tibial nerve block

Figure 6.2. A cross-sectional sonogram of the posterior tibial nerve. In the centre of the image, the posterior tibial artery
(A) is shown with the two posterior tibial veins (V) either side. The posterior tibial nerve (N) is the irregular shaped
echogenic structure lying immediately deep to the posterior tibial vessels. During the movie of the nerve block (presented
on the CD), a longitudinal image of the needle can be seen as it approaches the posterior tibial nerve. Infiltration of local
anaesthetic can be observed by a hypoechogenic expansion of the tissue surrounding the nerve.
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6.5.2 Anatomy associated with the ultrasound-guided plantar fascia injection

Figure 6.3. A longitudinal sonogram of the plantar fascia. The top border of the image shows the skin surface beneath the
heel, under which the plantar fat pad is present. The heel may therefore be considered as ‘upside down’. The inferior
surface of the calcaneal tuberosity is seen on the left side of the image, along with the plantar fascia enthesis. As
represented by the small white dot in the centre of the screen, the needle is inserted into the plantar fascia in the region of
maximal swelling, just distal to the calcaneal border. During the movie of the plantar fascia infiltration (presented on the
CD), the needle is seen in cross-section as a small echogenic dot. Infiltration of the injected solution (which was
dexamethasone for this participant) can initially be seen as a displacement of the tissue, followed by a gradual distension
of the plantar fascia borders.
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