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PHYSICAL THERAPISTS SHOULD CONSIDER
INCLUDING STRENGTH TRAINING AS PART OF
FRACTURE REHABILITATION
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ABSTRACT
Because muscle weakness is a common and persistent complication after bony fracture, we
reviewed the literature systematically to find out if strength-training can reduce disability after
adult fracture. Searching of electronic databases with inclusion criteria resulted in a final yield
of three papers. These three studies were conducted after lower limb fractures and the
calculated effect sizes collectively demonstrated that strength training led to increased muscle
strength and activity levels. However, subsequent losses of strength and activity were found in
the two studies that included a follow-up period. Despite a clear rationale for including
strength-training programs as part of fracture rehabilitation to improve muscle weakness, very
little research has been carried out. This systematic review provides preliminary evidence that
strength-training may be beneficial after fracture and should be considered as a rehabilitation
option by physical therapists. Further high quality studies are required to find out if the results
can be replicated and generalised.
Keywords: Strength training; fracture; rehabilitation

INTRODUCTION
Muscle weakness is common in adults after upper
limb1,2 and lower limb fractures.3,4 Furthermore,
weakness can persist for months and even years after
a bone has fully healed.1,5–7 This loss of strength can
be due to pain,8 associated soft tissue injury and limb
immobilisation as part of fracture management.9
Weakness can be a major factor contributing to disability after fracture. Studies have shown that weakness can impact upon the ability to perform everyday
functional activities, such as grasping and lifting
objects,10 maintaining balance in standing11,12 and
walking.3,13 Weakness has also been associated with
an increased risk of further fracture.14 The combination of weakness, increased incidence of falls and
reduced bone strength (i.e. osteoporosis) is thought to
© W. S. Maney & Son Ltd 2004

contribute to this increased risk of a subsequent fracture, especially in older people.15,16
Progressive resistance strength training could be a
suitable method to increase strength after fracture.
Progressive resistance strength training is an intervention where sufficient resistance is applied to a muscle so
that only a relatively small number of repetitions can
be completed before fatigue. Resistance is progressed
as muscle strength increases. Recent guidelines suggest
that optimal strengthening can be obtained from completing 1–3 sets of 6–12 repetitions of an exercise,
working at an intensity of 80% of the amount of weight
that can be lifted once (1-RM), with exercises completed 3 times per week.17
Whether progressive resistance strength training
after fracture improves strength and the performance
of functional activities or the ability to participate
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fully in societal roles remains open to question.
Despite the rationale for its use, some clinicians have
suggested that progressive resistance exercises should
be avoided in the early rehabilitation period after
fracture because the intensity of the exercise may put
excessive stress through the healing bone.18
The aim of this study was to review systematically
the available scientific literature to determine: (i) the
extent to which progressive resistance strength training has been applied to fracture rehabilitation; and (ii)
if progressive resistance strength training can be effective in reducing impairment, activity limitation and
participation restriction in adults after fracture.

METHODS
Study identification and selection
Electronic databases (AMI, CINAHL, DARE,
Cochrane, EMBASE, MEDLINE, PEDro, PubMed
and Sport Discus) were searched back to 1966 using
the following keywords: ‘fracture’ combined with
each of ‘exercise’, ‘strength’, ‘resistance’ and ‘physical
training’. This search was supplemented by reviewing
the reference lists of relevant articles to identify any
further papers. The search was limited to full articles
written in English. Two reviewers (AM and NT) independently assessed the titles and abstracts of articles
identified by the initial search strategy for the following inclusion criteria: (i) population – adults aged 19
years or more recovering from a fracture; (ii) intervention – progressive resistance strength training program; and (iii) outcome – measurement of a change in
strength or other body function, activity limitation or
societal participation. When the title or abstract did
not clearly indicate if an article should be included,
the full article was read and evaluated for the inclusion criteria. Articles needed to fulfil all three criteria
to be included in the review.
Quality assessment
Two reviewers (AM and NT) independently rated the
quality of all of the trials that met the inclusion criteria
with the PEDro scale.19 The PEDro scale is used to rate
the following aspects of methodological quality: (i)
detailed criteria for participant eligibility; (ii) random
allocation; (iii) concealed allocation; (iv) baseline prognostic similarity between groups; (v) blinding of the
participant; (vi) blinding of the therapist; (vii) blinding
of the outcome assessor; (viii) more than 85% follow-up
for at least one primary outcome; (ix) intention-totreat analysis; (x) between or within group statistical

analysis for at least one primary outcome; and (xi)
point estimates of variability for at least one primary
outcome. Criteria (ii)–(xi) are used for scoring, so that
a score out of 10 is obtained. 19 The PEDro scale has
demonstrated high content validity20 and high interobserver reliability (kappa = 0.88).21 To improve reliability further, disagreements between the reviewers
were discussed until consensus was reached.
Description of outcome measures
The outcomes of progressive resistance strength training after fracture were classified according to the
domains of the International Classification of
Functioning, Disability and Health (ICF).22 For the
body structure and function domain, outcomes were
quantified for muscle strength. For the activity
domain, changes in performance were measured for
walking, standing balance, stair climbing, moving
from sit to stand, as well as general activity as measured with scales such as the Barthel Index, the
Elderly Mobility Scale (this scale measures the performance of locomotion, balance and transfers) and
Tinetti’s Performance Oriented Mobility Assessment
(this scale measures changes in the performance of
balance in sitting and standing and walking). For the
participation domain, changes in the ability to participate in leisure, family and community roles were considered. Following the ICF guidelines, we also
considered the impact that personal and environmental contextual factors might have on the outcomes of
strength training after fracture.
Data analysis
To compare the outcomes reported in the clinical trials that included a control group, effect sizes with
95% confidence intervals (CI) were obtained by subtracting the post-intervention mean of the control
group from that of the experimental group, and dividing this by the combined SD of both groups.23
Accordingly, to determine effect sizes, the studies
needed to report post-intervention mean and SD, or
the absolute change and SD for both groups.
An effect size was calculated for studies without a
control group by subtracting the post-treatment mean
from the pre-treatment mean and dividing by the SD
of the difference scores. Because the SD cannot be
calculated without access to the raw data, an approximation was arrived at by relating the SD of the difference scores to the correlation between the two sets of
data.21 A meta-analysis (i.e. a statistically combined
estimate of effect size and associated 95% CI across
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Fig. 1. Effect sizes with 95% CI for muscle strength (RM, repetition maximum; PF, plantarflexion; ISM, isometric peak
torque; ISK, isokinetic peak torque).

the different trials) was not performed because of the
heterogeneity of fracture location, training program
details and outcome measures.

RESULTS
The initial search strategy yielded 160 articles. After
the initial screening, 13 potentially relevant papers
remained. Complete copies of each of these articles
were obtained and a further 10 papers were excluded
because they did not meet the inclusion criteria. A
systematic review24 was excluded as its focus was not
on strength training after fracture. Six papers were
excluded because although the intervention included
strengthening, the programs did not include progression of resistance at sufficient intensity.25–30 One article was excluded because the participants did not have
a fracture.31 Information from one article32 was contained in a later report 33 which was included in the
review. A further article did not adequately describe
the strength-training program.34
Tables 1 and 2 summarise the main findings of the
three included articles.33,35,36 As shown in Table 1, the
highest quality article scored 6/10 on the PEDro
scale.33 For this review, it was not expected that participants or therapists administering the program would
be blind to the intervention; therefore, a maximum

score of 8 was predicted. Consequently, a score of 6
indicates a moderately high quality study. The only
article that was not a randomised control trial36
obtained the lowest score on the scale (4/10).
As Table 1 shows, there was variation in the personal
and environmental contextual factors. Regarding personal factors, Hauer et al.33 and Mitchell et al.35 both
investigated older people. Shaffer et al.36 did not specify
a minimum age with the consequence that subjects in
this study were younger. In all studies, the participants
had sustained a lower limb fracture. Regarding environmental factors, two studies started strength training at
bony union 6–10 weeks after fracture,33,36 while the third
study began strength-training just over 2 weeks after
surgical fixation of the fracture.35 The length of the
strengthening programs ranged from 6–12 weeks, two
or three sessions a week, working at an intensity of
between 50–90% of the participants’ one-repetition
maximum. Exercise sessions were closely supervised by
a physical therapist35,36 or a fitness instructor 33 and were
conducted at a rehabilitation unit35 or community gymnasium.33 The setting for one program was not specified.36 To find out if the effects were maintained after
training stopped, Hauer et al.33 and Mitchell et al.35
included a follow-up period 10–12 weeks after the end
of the intervention. Shaffer et al.36 did not include a follow-up period.
Hauer et al.33 reported that no training-related
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medical problems or adverse events occurred in the
intervention group. The other studies did not report
that any injuries had occurred. However, all three
studies noted that any minor problems (e.g. aching
muscles and cramps) that arose were managed with
appropriate adjustment of training
Variation was noted in the adherence and the dropout rates of participants among the different studies.
Hauer et al.33 stated that 86% of their patients completed all measurements, and adherence was 93% and
96% for the intervention and control groups, respec-
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tively. Mitchell et al.35 reported that 50% of the intervention and 60% of the control groups completed the
follow-up. Shaffer et al.36 did not state the adherence
rates in their study.
Body structure and function
Figure 1 shows the individual effect sizes with 95% CI
for strength changes. All studies reported large and
positive strength-training effects, ranging from d =

Fig. 2. Effect sizes with 95% CI for activity (POMA, performance oriented mobility assessment; ADL, activities of daily living).
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0.78 to d = 5.06. Improvements in strength were partially lost in the follow-up period; however, leg extension strength remained significantly stronger than at
baseline.33,35
Activity
Figure 2 shows the individual effect sizes with 95% CI
for activity. At the end of intervention, most of the
effect sizes for activity were positive in favour of
strength training. Activities such as fast and selfselected walking speed, going up and down stairs, and
rising from a chair all demonstrated large and significant effect sizes (range d = 1.36 to d = 2.4). Measures
of standing balance appeared to be smaller than the
effects of other activity measures.
Combined measures of activity also demonstrated
positive effects for Tinetti’s performance orientated
mobility assessment 33 and the Elderly Mobility
Scale.35 There was no effect in favour of strength
training for the Barthel activities of daily living index
in one study.33 However, Mitchell et al.35 reported significant improvements in the Barthel Index at the end
of their intervention. Some measures such as the
Elderly Mobility Scale and Barthel Index were
reported in non-parametric form by Mitchell et al.35
so that effect sizes could not be calculated.
At follow-up, the positive effects of strength training
on measures of activity appeared to have been reduced.
As can be seen in Figure 2, confidence intervals for
most measures at follow-up crossed zero indicating that
in most cases the effect did not remain significant at
10–12 weeks after the strength-training program finished. The only activities that showed a significant benefit in favour of strength training at follow-up were fast
walking speed,33 and the Elderly Mobility Scale.35
Participation
The physical activity questionnaire used in Hauer et al.33
contains questions concerning housework, sport and
leisure activities, which conforms to the ICF definition
of participation.22 Hauer et al. reported a significant difference between the strength training and control groups
with an effect size of d = 3.39 (95% CI, 2.14–4.64).
However, the effect was reduced after the training had
ceased (d = 0.85; 95% CI, 0.01–1.69). Mitchell et al.35
reported that there was a tendency for all the different
components, such as social interaction and hobbies, of
the Nottingham Health Profile to show improvements,
but they were not statistically significant. Shaffer et al.36
did not measure the effect of the strength-training program on participation restriction.

DISCUSSION
The results of this review suggest that adults recovering from fracture benefit from participating in a progressive resistance strength-training program by
increasing their muscle strength and improving their
speed of walking and stair climbing, as well as their
ability to move from sit to stand. Trends show that
although the effect was smaller than for the other
activities, standing balance might also be enhanced.
These findings were consistent across all of the studies reviewed despite differences in the age of the participants, the intensity and duration of the different
training programs, the equipment and exercise details
and the outcomes used to evaluate change in muscle
strength. Although differences existed, generally exercise sessions were conducted 2–3 times each week for
between 6–12 weeks at a resistance level of between
50–90% of each person’s 1-RM and resistance was
regularly increased as strength increased in order to
ensure that exercises were of sufficient intensity. These
parameters are consistent with the American College
of Sports Medicine guidelines17 for strength-training
in adults. The benefits of strength training found from
this review are consistent with that of a recent systematic review of progressive resistance strength training
for healthy older adults which also concluded that
participation in a strength-training program can lead
to strength gains and improvements in the performance of physical activities such as walking speed
and endurance, stair climbing and standing balance.37
Progressive resistive strength training appears to be
safe for people recovering from a fracture. This is true
even for older people. In two of the studies, training
began at the union stage of bony healing, 6–8 weeks33
and 10 weeks36 after the fracture had occurred. In the
other study, training was started just over 2 weeks
after surgical fixation of the fracture, although the
intensity of the program was kept low (50% of the
participants’ 1-RM) for the first two weeks.35 No serious training related injuries were reported in any of
the studies reviewed. The only negative outcomes
reported were minor discomforts such as muscle soreness (common in anyone commencing a strengthening program). It was reported that these problems
were resolved by simply adjusting the training regimen. Therefore, the concern that applying high repetitive forces through a well-fixated or united fracture
might cause serious problems such as re-fracture is
not supported by this review.
Despite the rationale for its use, progressive resistance
strength training appears to have been used little in fracture rehabilitation. For in-patients, the focus of physical
therapy after fracture often appears to be on facilitating
discharge from hospital.38,39 For example, therapists
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teach patients appropriate use of gait aids including
steps and safe, independent transfers. For outpatients, the focus often appears to be on restoring
joint range of movement.40,41 A number of studies
have shown that weakness can persist long after full
bony healing has occurred and this weakness can be a
major factor contributing to disability. It cannot be
assumed, and indeed would not be expected, that
teaching gait and transfer skills and increasing joint
range of movement would address the problem of
muscle weakness after fracture. A more intensive and
focused exercise program with progression of resistance would be required to increase muscle strength. 17
This review suggests physical therapists should consider including progressive resistance strength training as part of fracture rehabilitation, in addition to
the important goals of facilitating discharge planning
and restoring joint range.
The increases in strength and physical activity of
the participants in both Hauer et al.33 and Mitchell et
al.35 studies have important clinical implications for
the functioning of older people. Falls are common in
older people and these can be associated with an
increased incidence of fractures.16 The older populations of both studies showed improvements in the
majority of activity outcomes measured, with trends
toward improved standing balance as well.
Improvements in standing balance are likely to be
associated with a decreased risk of falls, and a consequent decreased risk of subsequent fractures.
An on-going training regimen might be needed to
maintain the benefits of strength training for people
recovering from fractures. The studies that included a
follow-up period 33,35 indicated that the increased
strength and improved activity levels found immediately after completing the progressive resistance training were reduced after 10 week35 and 12 week33 rest
periods. These losses were more pronounced in activity levels than in muscle strength. These findings contrast with those of McCartney et al.42 and Sforzo et
al.43 who investigated the effects of a progressive resistance strength-training program for healthy older
people. McCartney et al.42 in a randomised controlled
trial of 119 people found that a rest period of 3 weeks
after 1 year of training led to little strength loss when
training resumed. In a trial that involved 35 people
with a mean age of 69 years, Sforzo et al.43 also found
that a rest of up to 5 weeks after a training period of 8
months did not produce significant loss of strength.
The reason for these differences remains unknown.
However, it is possible that rest periods of longer than
5 weeks lead to accelerated losses of muscle strength
or that longer initial training periods are required
before strength gains are maintained during periods
of rest from training.
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Although there is evidence that strength training
can improve muscle strength and many everyday
physical activities, the effect of strengthening on participation restriction remains uncertain. Limited
information is currently available about the effects of
strength training on the participation aspects of the
lifestyle of older people, as this issue is infrequently
addressed in the literature. The effectiveness of all
health-related programs should be considered in relation to a client’s increased ability to participate in normal life situations.
Also the impact that environmental factors such as
where the program is held, group or individual training and amount of supervision might have on the outcomes of strength training after fracture have not
been fully evaluated. Strength-training programs conducted at hospitals or community gymnasiums under
the close supervision of a physical therapist or trained
fitness instructor appear to be successful. However,
further investigation is needed to establish whether
similar improvements would result from a less closely
supervised home-based exercise program. This information would be especially valuable to clinicians
when considering the benefits and feasibility of prescribing strengthening programs for people who have
returned home after a fracture.44
The only research found has investigated progressive resistance training in conjunction with lower limb
fractures. Other fractures that frequently occur in
adults, particularly older people, include fractures of
the proximal humerus, wrist and vertebrae.45 For
example, one in seven women over the age of 50 years
sustain fractures of the distal radius, commonly
known as a Colles’ fracture.46 Furthermore, clinical
research has indicated that after a Colles’ fracture
older people are twice as likely to sustain a fracture of
the neck of femur and 5 times as likely to sustain a
compression fracture of a vertebra.46 Accordingly,
further studies are required to evaluate the impact of
a progressive resistance strength-training program on
recovery after fractures of other bones in the body.

CONCLUSIONS
This review has examined the effects of progressive
resistance strength-training program on people recovering from a fracture. Only three studies were located
and all of these were conducted as supervised programs following lower limb fractures. These studies
collectively demonstrated increased muscle strength
and activity levels after a strength-training program.
However, subsequent losses in strength, and notably
activity, were reported in the studies that included a
follow-up period. Further research is required to
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replicate the findings of these three studies. Also
research needs to be conducted to evaluate the effects of
strengthening on recovery after fractures in bones other
than those in the lower limbs, and to determine whether
progressive resistance strength training is feasible and
beneficial if conducted in the home environment, with
lower supervision from a physical therapist.
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