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ARTICLE INFO ABSTRACT

Article history: Background/aim: Resistance training is beneficial for rehabilitation in many clinical
Accepted 11 August 2017 conditions, though this has not been systematically reviewed in burns. The objective was
Available online xxx to determine the effectiveness of resistance training on muscle strength, lean mass,
function, quality of life and pain, in children and adults after burn injury.

Methods: Medline & EMBASE, PubMed, CINAHL and CENTRAL were searched from inception
to October 2016. Studies were identified that implemented resistance training in

Keywords:

Bul‘TlS o rehabilitation. Data were combined and included in meta-analyses for muscle strength
Resistance training . . . . .
and lean mass. Otherwise, narrative analysis was completed. The quality of evidence for

Rehal?ﬂltatlon each outcome was summarised and rated using the GRADE framework.
Exercise therapy Results: Eleven studies matched our inclusion criteria. Primary analysis did not demonstrate
Review

significant improvements for increasing muscle strength (SMD 0.74, 95% CI —0.02 to 1.50,
p=0.06). Sensitivity analysis to correct an apparent anomaly in published data suggested a
positive effect (SMD 0.37,95% C10.08-0.65, p=0.01). Psychological quality of life demonstrated
benefit from training (MD=25.3,95% CI3.94-49.7). All studies were rated as having high risk of
bias. The quality of the evidence was rated as low or very low.

meta-analysis

Conclusion: Further research with robust methodology is recommended to assess the

potential benefit suggested in this review.

© 2017 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction will instigate this catabolic processes, bed rest and inactivity
have been shown to amplify catabolism of skeletal muscle [9].
In these circumstances, it would appear that early and
People recovering from a burn injury will experience a range of intensive rehabilitation likely matters to an individual’'s
challenges throughout their recovery. Ithas beenreported that physiological profile and functional recovery.
physical dysfunction and quality of life continue to be The aim of rehabilitation is ultimately the return of a
adversely affected up to three years after the initial burn person’s physical capability and independence. In burns,
injury [33]. Survivors are also challenged by long term modes of rehabilitation vary widely between facilities, as no

reductions of muscle mass and strength [4-8], which can limit evidence based consensus on best practice rehabilitation has
their ability to perform activities of daily living and participate been established. The American College of Sports Medicine
in physical activity. Whilst a traumatic injury such as a burn recommend resistance training (RT) as a mode of exercise to

Please cite this article in press as: P.M. Gittings, et al., Resistance training for rehabilitation after burn injury: A systematic literature
review & meta-analysis, Burns (2017), http://dx.doi.org/10.1016/j.burns.2017.08.009



http://dx.doi.org/10.1016/j.burns.2017.08.009

JBUR 5346 No. of Pages 21

BURNS XXX (20I7) XXX-XXX 3

promote several health benefits, including improvements in
the muscle mass and strength of healthy adults [10]. Similar
recommendations have also been made for children and
adolescents [11]. Resistance training, where muscles are
required to contract against an opposingload, has been shown
to be a beneficial form of rehabilitation in clinical populations
prone to muscle wasting, providing stimuli to increase protein
synthesis and muscle mass. This has been demonstrated in
conditions such as HIV, cancer, rheumatoid arthritis, chronic
renal impairment and bed rest [12-14]. In trauma populations,
RT guidelines have been developed in spinal cord injury with
modifications specific to the nature of that injury and
recommendations for exercise have been published in burn
injury [15].

Evidence relating to the efficacy of RT as a mode of exercise
after burn injury to improve a patient’s outcomes has not been
systematically reviewed. Neither has it been established as a
routine practice for recovery and rehabilitation after a burn
injury. This review aimed to evaluate the effectiveness of RT in
children and adults rehabilitating from burn injury. Specifi-
cally, we were interested in the effect of RT on muscle strength,
lean body mass, physical function, quality of life and pain. The
safety profile of RT in this population was also examined.

2. Methods

The protocol for this review was registered in the PROSPERO
International prospective register of systematic reviews
(registration number CRD42015024527).

2.1. Inclusion criteria

2.1.1. Types of studies

Randomised and non-randomized controlled trials were
included to ensure a thorough evaluation of the effects of
the intervention. We included studies where RT was compared
to usual rehabilitation care or any rehabilitation activity that
did notinclude RT. Studies where there was no comparison to a
burned patient group were excluded. We included only studies
available in English that had been published in full.

2.1.2. Types of participants

Studies of children and adults who experience a burn injury
were included in this review. No limits have been placed on
the extent or agent of the burn injury, the setting in which
the RT occurred or the time after injury in which training
commenced. Participants in studies investigating the effect
of a pharmacological agent in conjunction with RT were
excluded, unless the study design enabled us to estimate the
unique effect of RT.

2.1.3. Types of interventions

Only studies which performed RT to recognised principles of
the American College of Sports Medicine were included [10].
The parameters of RT for inclusion were: a minimum of two RT
sessions per week, training at an intensity of at least 40% of a
one-repetition maximum for at least two sets of eight
repetitions per individual exercise. A minimum of two weeks
of RT were required for inclusion as improvements in muscle

mass have been noted to occur with two weeks of RT [16].
Studies that include RT as a standalone treatment as well as
those that use RT as part of a multimodal treatment regimen
were considered. We included trials that compared RT with no
treatment or another active treatment other than RT.

2.1.4. Outcome measures of interest

The outcomes of interest were: muscle strength, lean body
mass, physical function, quality of life and pain. The
occurrence of any adverse events from the intervention was
also assessed.

2.2 Search strategy

A sensitive search strategy was developed to identify pub-
lications relevant to this review. To identify relevant articles
the following databases were searched from inception to
October 2016: Medline, EMBASE, PubMed, CINAHL and the
Cochrane Central Register of Controlled Trials (CENTRAL). In
addition to the electronic searches, reference lists of all
included studies and review articles relevant to the topic were
checked. The references of potential papers retrieved were
examined to identify any additional papers not captured
through the initial search strategy. Abstracts from burns
conferences (International Society for Burn Injury, American
Burn Association and Australian and New Zealand Burn
Association) were also checked to identify papers which
may not have been identified through the initial search
strategy. We attempted to communicate with study authors
when additional information or where clarification of study
procedure or data were required.

2.3.  Selection of studies

Two authors (PG & TG) independently reviewed the titles
generated by the literature search. Relevant abstracts were
independently assessed by the same two authors. Full text
reports were obtained for further assessment against our
inclusion criteria. In the event of disagreement, discussion
between the two authors occurred to achieve consensus.
Where consensus was not reached, a third reviewer (DE) was
used to independently assess the study to determine
inclusion.

2.4.  Data extraction and management

One author (PG) extracted all data from the included studies
using a standardised extraction form. These data were
checked and confirmed by two other authors independently
of each other (BW & DE). Where differences in extraction
existed, a plan was made to review the study and discuss to
achieve consensus. The following data were extracted:

e Participant demographic details: number of participants
recruited, withdrawals, loss to follow up, age and total burn
surface area (TBSA).

e Intervention characteristics: time from injury to com-
mencement of training, location of training, mode of
training, volume of training, intensity of training and
control group treatments.

Please cite this article in press as: P.M. Gittings, et al., Resistance training for rehabilitation after burn injury: A systematic literature
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e Outcome assessments: muscle strength, lean body mass,
function, quality of life, pain and adverse events.
e Information pertaining to the assessment of risk of bias.

Where multiple longitudinal assessments were performed
in a study, data provided at the end of the intervention period
were used for quantitative analysis. A narrative description
was undertaken of data from other time points.

Two studies investigated the use of RT in combination with
a pharmacological agent: Oxandralone and growth hormone
[17,18]. Only data from groups who did not receive a
pharmacological agent as a co-intervention to RT were used
in this review.

2.5.  Assessment of risk of bias

Included studies were assessed using a risk of bias tool adapted
from the Cochrane Handbook for Systematic Reviews of
Interventions [19]. The selection of items and operational
criteria appropriate to this clinical area for each item were
agreed upon by the study team a priori. Non-randomised
comparison studies were assessed on the same criteria as

RCT’s. The tool assessed the following categories as being at
high, low or unclear risk of bias: sequence generation,
allocation concealment, blinding (participants, therapists
and outcome assessor), incomplete outcome data, selective
outcome reporting and other biases.

For individual items, where insufficient information was
provided by study authors, risk of bias was determined to be
“unclear”. Where one or more items were deemed as high risk,
the study was given an overall rating of “high risk”. These
assessments were undertaken by the authors as per the data
extraction processes. To assess publication bias, visual
inspection of funnel plots was planned but due to insufficient
data, was not undertaken.

Where studies utilised self-report assessment, the partic-
ipant was deemed to be the assessor. In this circumstance,
low risk of bias can only be given for blinding of outcome
assessment where the participant is adequately blinded to
their group allocation. This was relevant to outcomes
assessed by patient reported surveys for quality of life and
function.

1099 of records
identified through
database
searching

0 additional

through other
sources

records identified

| |
!

950 records identified after
duplicates removed

950 manuscript titles screened

875 records excluded

75 abstracts screened

»|{ 43 records excluded

32 full-text articles assessed

21 full-text articles excluded,

for eligibility

11 studies included in
quantitative & qualitative
synthesis

with reasons

Fig. 1 - Flow of studies through review process.
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Table 1 - Characteristics of included studies.

Author Country Study design Sample size Age (mean=+SD) TBSA
years (mean=+SD) %
Al-Mousawi et al. [22] USA RCT Exercise=11 Exercise=12.24+3.2 Exercise=61+13
Control=10 Control=13.7+3.6 Control=56+15
12 weeks supervised
training vs. no su-
pervised training
Cucuzzo et al. [23] USA RCT Exercise=11 Exercise=11.94+1.2 Exercise=62+15.2
Control=10 Control=9.2+1.4 Control=57.1+13.3
12 weeks supervised
training vs. no su-
pervised training
Ebid et al. [7] Egypt RCT Exercise=20 Exercise=24.6+5.3 Exercise=46.5+3.1
Control=20 Control=27.3+8.6 Control=44.5+6.5
12 weeks supervised
training vs. no su-
pervised training
Ebid et al. [21] Egypt RCT Exercise=18 Exercise=13.4+1.2 Exercise=42.1+3.1
Control=19 Control=13.6+1.1 Control=42.4+3.1
12 weeks supervised Withdrawals=4
training vs. no su- (2 from both
pervised training groups)
Hardee et al. [28] USA RCT Exercise=24 Exercise=13+4.9 Exercise=59+9.8
Control=23 Control=13+4.8 Control=60+14.4
12 weeks supervised
training vs. no su-
pervised training
Mowafy et al. [24] Egypt Comparison trial Exercise=15 Unknown Unknown
Control=15
12 weeks supervised
training vs. no su-
pervised training
Paratz et al. [25] Australia Non-randomised Exercise=16 Exercise=30.4+10.1 Exercise=47+13.6
trial Control=14 Control=42.4+14.6 Control=29.9+8.9
Withdrawals=4
6 weeks supervised (2 from both
training vs. no su- groups)
pervised training
Przkora et al. [18] USA RCT Exercise (OXEX) OXEX=12.1+2.9 OXEX=52.1+12.7
=14 PLEX=10.9+3.7 PLEX=55.6+14.8
12 weeks supervised Exercise (PLEX) 0X=11.8+3.3 0X=54.7+11.7
training vs. no su- =17 PL=11.8+3.3 PL=53.44+10.3
pervised training. Control (0X)=9
Testing Oxandr- Control (PL)=11
alone or Placebo
+Exercise
Suman et al. [27] USA RCT Exercise=19 Exercise=10.54+4.0 Exercise=59.4+14.4
Control=16 Control=11+4.8 Control=58+17.7
12 weeks supervised
training vs. no su-
pervised training
Suman et al. [17] USA RCT Exercise (GHEX) GHEX=11+2.5 GHEX=60.3+6
=10 SALEX=10.5+2.5 SALEX=58.5+10.1
12 weeks supervised Exercise (SALEX) GH=11.5+£5.1 GH=53.4+10.3
training vs. no su- =13 SAL=10.8+2.3 SAL=59.4+14.4
pervised training. Control (GH)=10
Testing use of Control (SAL)=11
Growth Hormone or Withdrawals=25
Saline placebo
+Exercise.
Suman and Herndon USA RCT Exercise=11 Exercise=11.84+4.9 Exercise=61+6.6

[26]

12 weeks supervised
training vs. no su-
pervised training

Control=9

Control=13.4+5.4

Control=56+6
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Table 2 - Exercise prescription characteristics of included studies.

Al-Mousawi et
Interventions

Outcomes

Notes

Cucuzzo et al. |
Interventions

Outcomes

Notes

Ebid et al. [7]
Interventions

Outcomes

Ebid et al. [21]
Interventions

al. [22]
Hospital Based Exercise Group:
Time to begin intervention: 6 months after burn
Location: Hospital/Rehab Centre
Mode: Isotonic
Intensity: Week 1: 50-60% 3RM, Week 2-6: 70-75% 3RM, Week 7-12: 80-85% 3RM
Volume: Week 1: familiarisation, Week 2-6: 4-10 repetitions, Week 712: 8-12 repetitions
Rest: Not documented
Frequency: 3x per week
Duration: 12 weeks
Additional: Aerobic training 30min 3x per week
Standard of Care Group:
Home based programme as instructed by the Physiotherapy and Occupational Therapy staff intended to be performed for 1hour,
twice daily. No supervised exercise therapy was undertaken
Muscle strength: Isokinetic peak torque (Nm) at 150°/s for concentric knee extension

Lean mass: DXA scanning of whole body (kg)
Two participants in each group were unable to undergo strength testing

One participant in intervention group had 5% loss in lean body mass after intervention

23]
In-House Exercise Programme Study Group:
Time to begin intervention: 6 months after burn
Location: Hospital Wellness Centre
Mode: Isotonic, isometric & isokinetic
Intensity: Phase 1: 50% 3RM, Phase 2: 70-85% 3RM
Volume: Phase 1: 4-10 repetitions, Phase 2: 8-15 repetitions
Volume increased 10-20% each week
Rest: Not documented
Frequency: 3x per week
Duration: 12 weeks
Additional: Aerobic exercise 20min 3x per week
Home Group:
No prescribed or supervised exercise training
Patients were referred to local outpatient facility for ongoing therapy. The number of appointments attended was not
standardised across centres. Did not train with weights but were permitted to continue daily activities
Muscle strength: 3 repetition maximum for knee extension, knee flexion, elbow flexion, elbow
extension, and forearm (anatomical movement not clarified) strength.
Function: 6min walk test to assess distance walked.
Strength training was stated to focus on overloading primarily “key” muscle groups “namely knee
extensor and elbow flexors”

Isokinetic Group:
Time to begin intervention: 6 months after burn
Location: Clinic
Mode: Isokinetic @ 150°/s
Intensity: 60% average peak torque
Session 1-5: 1-5 sets, Sessions 6-24: 6 sets, Sessions 25-36: 10 sets
Volume: 10 repetitions
Rest: Not documented
Frequency: 3x per week
Duration: 12 weeks
Additional: Aerobic training and stretches
No Exercise Group:
Performed a prescribed home exercise programme including: range of motion exercises, stretching, splinting, massage,
functional activities, ambulation and activities of daily living
No supervised isokinetic exercise was performed
Muscle strength: Isokinetic muscle peak torque at 150°/s for knee extensors and knee flexors
Function: Gait speed assessment in metres per minute

Isokinetic Group:
Time to begin intervention: at hospital discharge
Location: Clinic
Mode: Isokinetic @ 150°/s

Please cite this article in press as: P.M. Gittings, et al., Resistance training for rehabilitation after burn injury: A systematic literature
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Outcomes

Intensity: 50% average peak torque

Session 1-5: 1-5 sets, Sessions 6-24: 6 sets, Sessions 25-36: 10 sets

Volume: 10 repetitions

Rest: Not documented

Frequency: 3x per week

Duration: 12 weeks

Additional exercise: Stretching & walking

Control Group:

Home based stretching and range of motion programme. Also completed an unquantified walking programme 3 times per week
Muscle strength: Isokinetic muscle peak torque at 150°/s for knee extensor muscle group

Lean Mass: Circumferential measures of quadriceps size

Hardee et al. [28]

Interventions

Outcomes

Notes

RET (intervention) Group:
Time to begin intervention: discharge form acute hospital
Location: In hospital rehabilitation
Mode: Isotonic
Intensity: Week 1: 50-60% 3RM, Week 2-6: 70-75% 3RM, Week 7-12: 80-85% 3RM
Volume: 4-10 reps, weeks 7-12: 8-12 repetitions
Rest:—
Frequency: 3x per week
Duration: 12 weeks
Additional: Aerobic training 20-40min @ 70-85% VO2 peak
SOC (control) Group:
Prescribed a home based programme of stretching & mobility
No supervised exercise training
Strength: Isokinetic peak torque 150 deg/sec for knee extensors
Lean body mass (kg): DXA scanning for the whole body, trunk, legs and arms
Muscle strength was only assessed after the intervention “because of medical limitations such as impaired
mobility and incomplete wound closure at the time of discharge”

Mowafy et al. [24]

Interventions

Outcomes

Intervention Group:
Unknown time from burn to commence intervention
Location: Facility
Mode: Isotonic
Intensity: Week 1: 50-60% 3RM, Week 2-6: 70-75% 3RM, Week 7-12: 80-85% 3RM
Volume: weeks 2-6: 4-10 reps, weeks 7-12: 8-12 repetitions
Rest: Unknown
Frequency: 3x per week
Duration: 12 weeks
Additional: Aerobic training 30min @ 70-75% VO2 peak
Control Group:
Prescribed a home based programme of splinting, stretching, ROM exercises, strength (non-progressive) exercises, scar
management
No supervised exercise training
Lean body mass (kg/M?): calculation of fat mass subtracted from total body mass

Paratz et al. [25]

Interventions

Outcomes

Notes

Exercise Group:
Time to begin intervention: after final grafting procedure
Mode: Isotonic
Intensity: Week 1: 60% 3RM
Volume: Increased 5-10% weekly
Rest: Not documented
Frequency: 3x per week
Duration: 6 weeks supervised. After completion patients were encouraged to continue exercise but unsupervised
Additional: Stretching programme. Aerobic exercise @ 80% HRpeak 3x per week
Strength exercises included hand strengthening using mechanical device, foam or putty
Self-Management Group:
Prescribed a home based stretching programme
No supervised exercise training undertaken
Muscle strength: 3 repetition maximum & grip strength dynamometry
Function: Quick-DASH & LEFS surveys (patient reported)
Quality of life: Burn Specific Health Scale- Abbreviated (patient reported)
Patients were reviewed monthly in outpatient clinics and reported exercise participation to therapists

(continued on next page)
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Przkora et al. [18]
Interventions Intervention Group (PLEX Group):
Time to begin intervention: 6 months after burn
Mode: Isotonic
Intensity: Week 1: 50-60% 3RM, Week 2-6: 70-75% 3RM, Week 7-12: 80-85% 3RM
Volume: Week 1: 3 x4-10 reps, week 2-6: 3 x4-10 reps, week 7-12: 3 x 8-12 reps
Rest: ~1min
Frequency: 3x per week
Duration: 12 weeks
Additional:
Aerobic training 5x per week 20-40min @ 70-85% VO2 peak.
1hour Physiotherapy daily— ROM and stretches
Control Group (PL Group):
Home based exercise programme including stretches, positioning and ROM
No formal exercise training
Outcomes Muscle strength: Isokinetic knee extension strength (Nm) at 150°/s
Lean mass: DXA scanning of whole body and trunk (kg)
Fitness: VO,
Notes Only data from non-pharmacologically treated participants were included in this review

Suman et al. [27]
Interventions Supervised Exercise Group (REx):
Time to begin intervention: 6 months after burn
Mode: Isotonic
Intensity: Week 1: 50-60% 3RM, Week 2-6: 70-75% 3RM, Week 7-12: 80-85% 3RM
Volume: Weeks 2-6: 4-10 reps, weeks 7-12: 8-12 repetitions
Rest: Not documented
Frequency: 3x per week
Duration: 12 weeks
Additional: Aerobic training 20-40min @ 70-85% VO2 peak
Non-exercising Group (R):
Home based Physiotherapy and Occupational therapy programme was provided
Outcomes Muscle strength: Isometric knee extension
Muscle strength: Isokinetic knee extension 90°/s, average power & total work
Lean mass: DXA scanning of whole body, trunk, leg and arm
Fitness: VO,

Suman et al. [17]
Interventions Intervention group (SALEx group):
Time to begin intervention: 6 months after burn
Mode: Isotonic
Intensity: Week 1: 50-60% 3RM, Week 2-6: 70-75% 3RM, Week 7-12: 80-85% 3RM
Volume: Weeks 2-6: 4-10 reps, weeks 7-12: 8-12 repetitions
Rest: 1min
Frequency: 3x per week
Duration: 12 weeks
Additional: Aerobic training 20-40min @ 70-85% VO2 peak
Control Group (SAL group):
Home based Physiotherapy and Occupational therapy programme was provided for non-exercise groups
Outcomes Muscle strength: Isokinetic knee extension strength at 150°/s
Lean mass: DXA scanning for whole body, trunk, leg and arm
Fitness: VO,
Notes Only data from non-pharmacologically treated participants were included in this review

Suman and Herndon [26]
Interventions Exercise Group:
Time to begin intervention: 6 months after burn
Mode: Isotonic
Intensity: Week 1: 50-60% 3RM, Week 2-6: 70-75% 3RM, Week 7-12: 80-85% 3RM
Volume: Weeks 2-6: 4-10 reps, weeks 7-12: 8-12 repetitions
Rest: Not documented
Frequency: 3x per week
Duration: 12 weeks
Additional: Aerobic training 20-40min @ 70-85% VO2 peak
No Exercise Group:
Nil formal training. 2h of therapy PT & OT daily
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Outcomes
period
Lean mass: DXA scanning of whole body (kg)
Notes

Muscle strength: Isokinetic knee extension at 150°/s. Detraining assessed at 12 weeks after training

Growth hormone given to 3 control group children as part of another study

2.6.  Data synthesis

Results from clinically homogeneous trials were combined
using a random effects meta-analysis with Review Manager
(RevMan) v5.3 where adequate data existed to support this.
Estimates of effect were calculated and are presented for each
outcome as mean differences (MD) and 95% CIs where
measurement tools were identical, or, standardised mean
differences (SMD) and 95% Cls where tools were different.
Where only standard error was provided, this was converted to
standard deviation (SD) using an in-built calculator within
RevMan. Data were summarized in forest plots. Where
inadequate data was available for meta-analysis, results were
presented as a narrative synthesis with mean difference and
95% confidence intervals calculated from the study data using
RevMan.

The overall quality of evidence for each outcome measure
was summarised and rated using the Grading of Recommen-
dation, Assessment, Development and Evaluation (GRADE)
framework and approach [20]. Strength of the evidence for
each outcome was considered against the following factors:
design limitations (downgrade if >25% of the participants were
from studies with a high risk of bias), inconsistency (down-
grade once if heterogeneity was statistically significant and
I*>50% or when reported treatment effects were in opposite
directions), imprecision (downgrade once if, for continuous
data, the number of participants was below 400), indirectness
(downgrade once for direct evidence if >50% of participants
were outside of the target group) and publication bias
(downgrade once for direct evidence of publication bias).
Single studies with fewer than 400 participants were consid-
ered both inconsistent and imprecise. These ratings were
completed by one author (PG), then independently checked
and confirmed by a second co-author (BW).

2.7.  Assessment of heterogeneity

Statistical significance of heterogeneity was assessed using
the Chi? test and deemed significant where the p-value <0.05.
The amount of heterogeneity was estimated using the I test.
Where heterogeneity was deemed to exist (I*>50%), we
explored pre-planned, age based sub group analyses for each
of the outcome measures. Due to lack of variation in study’s
populations, we were unable to perform other planned sub
group analyses. These included burn injury factors (TBSA
>15% or <15% and burn agent), intervention characteristics
(intensity of prescription >70% of 1 repetition max or <70%)
and duration of intervention (>6 weeks or <6 weeks).

2.8.  Sensitivity analysis

A post-hoc sensitivity analysis was carried out for the muscle
strength outcome. An imputed SD was used for two studies

Ebid et al. [7,21] as we believed the SDs provided in the studies
were miscalculated. Contact with the primary author was
attempted to request further clarification, but a reply was not
forthcoming.

3. Results
3.1. Characteristics of included studies

The flow of studies through this review can be viewed in Fig. 1.
We identified 11 studies (n=325) that complied with the
selection criteria and were included in this review [7,17,18,
21-28] (Table 1).

Nine studies [17,18,21-24,26-28] included only paediatric
burn patients, whilst two studies [7,25] were from adult
populations. All studies chose to include only patients with
major burn injuries. The range of mean TBSA values across all
included studies was 29.9-62% TBSA. Resistance training was
commenced at various time points ranging from final skin
grafting and healing, to 6 months after the initial burn injury
(see Table 2).

Resistance training was undertaken using free weights and
cable weights for all studies except two studies by Ebid et al.
[7,22] where training was undertaken with an isokinetic
dynamometer. The intensity of training progressed from
60% of repetition maximum (RM) up to 85% RM in training
protocols using free and cable weights. In studies using the
isokinetic dynamometer, the initial intensity was set at 50-60%
of average torque. Training occurred three times per week for
the duration of 6 weeks in Paratz et al. [25] and 12 weeks in all
other studies (see Table 2).

We excluded 24 other studies for not meeting our inclusion
criteria. Reasons for exclusion were: comparisons made to
non-burned participants [29-31]; investigated outcomes not
appropriate to this review [32-35]; review articles [15,36-38]; not
assessing RT as an intervention [39-42]; inadequate amount of
RT performed [43]; control group participating in RT [44-48]; no
English translation available [49]; unable to acquire study
manuscript [50]; and results which had been previously
reported in other individual trials [51].

3.2.  Risk of bias in included studies

The results of our risk of bias assessment are displayed in
detail in Table 3 and Fig. 2.

3.2.1.  Allocation (selection bias)

Only two studies [7,21] described their process for allocation
and concealment adequately to be assessed as low risk of bias,
whilst one study [25] was rated as having a high risk.
Concealment of allocation was also rated low risk for two
studies [7,21] and high risk for one [25].
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Table 3 - Risk of bias summary of included studies.

Al-Mousawi et al. [22]

Bias Rating Support for judgement
Random sequence generation (selection bias) Unclear No comment of sequence generation details
Allocation concealment (selection bias) Unclear No detail provided of concealment
Blinding of participants and personnel (performance High Exercise supervised and supported only for intervention group
bias)
No blinding of therapist to allocation & treatment
Blinding of outcome assessment (detection bias) Unclear No detail provided by authors
Incomplete outcome data (attrition bias) Low No drop out
Selective reporting (reporting bias) Low Nil
Other bias High No baseline comparison for primary outcome
Randomisation occurs months prior to commencement of intervention
No between-group comparison of baseline for primary outcome was
provided
Cucuzzo et al. [23]
Bias Rating Support for judgement
Random sequence generation (selection bias) Unclear No comment on sequence generation process
Allocation concealment (selection bias) Unclear No detail of concealment
Blinding of participants and personnel (performance bias) High Exercise supervised and supported only for intervention group
No blinding of therapist to allocation & treatment
Blinding of outcome assessment (detection bias) Unclear No detail provided by authors
Incomplete outcome data (attrition bias) Low No drop out
Selective reporting (reporting bias) Low Within and between group outcomes discussed
Other bias Low
Ebid et al. [7]
Bias Rating Support for judgement
Random sequence generation (selection bias) Low Random sequence generator in Excel computer program
Allocation concealment (selection bias) Low Password protected allocation
Blinding of participants and personnel (performance bias)  High Exercise supervised and supported only for intervention group
No blinding of therapist to allocation & treatment
Blinding of outcome assessment (detection bias) Unclear  Likely that same therapist performed all assessments & treatments
Incomplete outcome data (attrition bias) Low No drop out reported
Selective reporting (reporting bias) Low Nil
Other bias Low Nil
Ebid et al. [21]
Bias Rating Support for judgement
Random sequence generation (selection bias) Low Allocation randomised through use of opaque envelopes prepared
individually
Allocation concealment (selection bias) Low Registration clerk performed allocation procedures
Blinding of participants and personnel (performance bias) High Exercise supervised and supported only for intervention group
No blinding of therapist to allocation & treatment
Blinding of outcome assessment (detection bias) Low Stated that assessors were blinded to treatment allocation
Incomplete outcome data (attrition bias) Low 4/37 participants drop out (~11%)
Selective reporting (reporting bias) Low Nil
Other bias Low Nil
Hardee et al. [28]
Bias Rating Support for judgement
Random sequence generation (selection bias) Unclear No detail of sequence generation
Allocation concealment (selection bias) Unclear No detail of concealment
Blinding of participants and personnel (performance bias) High Exercise supervised and supported only for intervention group
No blinding of therapist to allocation & treatment
Blinding of outcome assessment (detection bias) Unclear No detail on blinding of allocation provided
Incomplete outcome data (attrition bias) Low No drop out recorded
Selective reporting (reporting bias) Low
Other bias High No between group comparison of baseline muscle strength for primary

outcome was provided
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Table 3 (continued)

Mowafy et al. [24]

Bias Rating Support for judgement

Mowafy et al. [24]

Bias Rating Support for judgement

Random sequence generation (selection bias) Unclear  No detail of sequence generation

Allocation concealment (selection bias) Unclear  No detail of concealment

Blinding of participants and personnel (performance High Exercise supervised and supported only for intervention group

bias) No blinding of therapist to allocation & treatment

Blinding of outcome assessment (detection bias) Unclear  No detail on blinding of allocation provided

Incomplete outcome data (attrition bias) High No information provided of drop-out rate

Selective reporting (reporting bias) High No between group analyses

Other bias High No baseline assessment or comparison provided for burns severity or
patient demographics
No between group comparison of baseline for primary outcome was
provided

Paratz et al. [25]

Bias Rating Support for judgement

Random sequence generation (selection bias) High Allocation not randomised

Allocation concealment (selection bias) High City dwelling patients allocated to intervention group and rural patient to

control group

Blinding of participants and personnel (performancebias) High Exercise supervised and supported only for intervention group
No blinding of therapist to allocation & treatment

Blinding of outcome assessment (detection bias) High Participants not blind to allocation, therefore where self-assessment is
required (Quick-DASH, LEFS, BSHS-A), blinding not possible

Incomplete outcome data (attrition bias) Low  4/30 (~13%) removed or withdrawn

Selective reporting (reporting bias) Low  Nil

Other bias Low

Przkora et al. [18]

Bias Rating Support for judgement

Random sequence generation (selection bias) Unclear No detail provided about randomisation

Allocation concealment (selection bias) Unclear No information provided

Blinding of participants and personnel (performance High Exercise supervised and supported only for intervention group

bias) No blinding of therapist to treatment or allocation described

Blinding of outcome assessment (detection bias) Unclear No information provided

Incomplete outcome data (attrition bias) Low No dropout reported

Selective reporting (reporting bias) Low

Other bias High Randomisation occurs months prior to commencement of intervention

No between-group comparison of baseline for primary outcome was
provided

Suman et al. [27]

Bias Rating Support for judgement

Random sequence generation (selection bias) Unclear No detail provided on methods for allocation

Allocation concealment (selection bias) Unclear No detail provided

Blinding of participants and personnel (performance High Exercise supervised and supported only for intervention group

bias) No blinding of therapist to treatment or allocation described

Blinding of outcome assessment (detection bias) Unclear No detail provided

Incomplete outcome data (attrition bias) Low Nil drop out

Selective reporting (reporting bias) Low

Other bias High Randomisation occurs months prior to commencement of intervention
No between group comparison of baseline for primary outcome was
provided

Suman et al. [17]

Bias Rating Support for judgement

Random sequence generation (selection bias) Unclear No detail provided on methods for allocation

Allocation concealment (selection bias) Unclear No detail provided

High

(continued on next page)
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Table 3 (continued)

Suman et al. [17]

Bias Rating Support for judgement

Blinding of participants and personnel (performance Exercise supervised and supported only for intervention group

bias) No blinding of therapist to treatment or allocation described

Blinding of outcome assessment (detection bias) Unclear No detail provided

Incomplete outcome data (attrition bias) High 25/69=36% drop out
No intention to treat analysis performed

Selective reporting (reporting bias) Low No estimate provided on variability of between group differences

Other bias High Randomisation occurs months prior to commencement of intervention
No between-group comparison of baseline for primary outcome was
provided

Suman and Herndon [26]

Bias Rating Support for judgement

Random sequence generation (selection bias) Unclear No detail provided on allocation process

Allocation concealment (selection bias) Unclear No detail provided by authors

Blinding of participants and personnel (performance High Exercise supervised and supported only for intervention group

bias) No blinding of therapist to treatment or allocation described

Blinding of outcome assessment (detection bias) Unclear No detail provided by authors

Incomplete outcome data (attrition bias) Low Nil drop out

Selective reporting (reporting bias) Low

Other bias High Growth hormone given to some children as part of another study
Randomisation occurs 6 months prior to commencement of intervention
No between group comparison of baseline for primary outcome was
provided

3.2.2. Blinding (performance bias and detection bias) 3.2.6. Other potential sources of bias

No studies were assessed to have adequately blinded
participants or assessors throughout the research process.
Blinding of outcome assessment was rated low risk for one
study [21] and high risk for one [25]. The high risk rating given
to the study by Paratz et al. [25] was due to their utilisation of
self-report surveys for primary outcome measures. Their high
risk of bias for participant blinding meant that blinding of
outcome assessment must also be high risk.

3.2.3. Incomplete outcome data (attrition bias)

One study was deemed at high risk of bias for participant
attrition where of the 100 subjects initially enrolled and
randomised, 69 remained after death, exclusion or withdraw-
al. However, of these final 69, data from only 44 patients were
included in analysis due to lack of compliance with the
intervention [17]. One study was rated as unclear in their
participant attrition as patient compliance was not reported
[24].

3.2.4. Selective reporting (reporting bias)

One study [24] was judged to be at high risk of bias for selective
outcome reporting for not providing any between group
results. All other studies were deemed low risk.

3.2.5. Participants analysed in group to which allocated
Suman et al. [17] was rated as being at high risk of bias for this
category. It was evident thatintention to treat analysis was not
undertaken where data was only analysed for 44 of the
69 participants who were not excluded or withdrawn from the
study. All other studies were deemed to be low risk.

Seven studies were rated high risk for some other bias. In one
study, a small number of patients received pharmacological
agents as part of another trial [26]. One study did not provide
any patient data at baseline [24], whilst one other did not
provide muscle strength data at initial assessment. There
was a group of studies which did not provide baseline
comparison of groups at the time of recruitment into the
study as randomisation and initial patient assessment
occurred months apart [17,18,22,26,27]. The lack of variability
in sample size for outcomes precluded conclusions for
publication bias.

3.3. Effects of interventions

3.3.1. Muscle strength

Results of knee extension strength were combined and
assessed in a meta-analysis as this was the muscle group
most consistently assessed and treated (n=295). Modes of
strength assessment were isokinetic dynamometry or 3-
repetition maximum. No statistically significant effect was
seen (SMD 0.74, 95% CI —0.02 to 1.50, p=0.06) and significant
heterogeneity existed (I=88%, p<0.001). Subsequently, sub
group analysis was undertaken in which adult and paediatric
populations were analysed separately.

In children (n=229), there was no statistically significant
effect of RT on knee extension strength (SMD 0.57, 95% CI
—0.32 to 1.46, p=0.21) and significant heterogeneity remained
(1°=88%, p<0.001). Two studies (n=66) were performed with
adult burns patients [7,25]. A significant effect on muscle
strength was demonstrated in favour of RT in this subgroup
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(SMD 1.42, 95% CI 0.871.97, p<0.001) with no evident
heterogeneity (I’=0%, p=0.84) (Fig. 3).

Post-hoc sensitivity analysis was undertaken with SDs
imputed for the studies by [7,21]. The imputed SD was the
median of all other SD values in the analysis. The effect of RT
on muscle strength for the whole group was significant in
favour of RT (SMD 0.37, 95% CI 0.08-0.65, p=0.01) and
heterogeneity was assessed as non-significant (1*=32%,
p=0.15). For children, the effect was statistically significant
(SMD=0.27, 95% CI 0.01-0.53, p=0.04), yet not significant in
adults (SMD=0.89, 95% CI —0.19 to 1.97, p=0.11) (Fig. 4).

3.3.2.  Other measures of muscle strength

Knee flexion strength was assessed by two studies [7,23].
When combined, a small effect was seen in favour of the
training groups (SMD 0.65, 95% CI 0.14-1.17) (Fig. 5).

The results of individual muscle groups which were unable
to be combined are displayed in Table 4. Significant between
group differences were shown in latissimus dorsi pull-down
strength both immediately after the training period and at
6 weeks after training cessation, no significant differences
were seen for any of the other muscle groups tested.

3.3.3. Lean mass

Seven studies (n=205) assessed the effect of resistance training
on whole body lean mass [17,18,22,26-28]. Six studies used a
dual-energy X-ray absorptiometry (DXA) scan, whilst one [24]
calculated lean mass using a formula of “subtracting body fat
weight from body weight”. All assessments of lean mass were
completed in paediatric populations. The results for studies
performing a DXA scan to assess lean mass were combined.
The overall effect was non-significant (MD 1.87kg, 95% CI
—2.55106.30, p=0.41) with no observable heterogeneity (I*=0%,
p=1.00) (Fig. 6). Mowafy et al. [24] reported a significant effect of
training using their calculation of lean mass (MD 0.86kg 95% CI
0.11-1.61).

3.3.4. Physical function

Patient function was assessed using a combination of self-
reported surveys and physical assessment procedures. Data
were not sufficient to perform meta-analysis for either mode.
Table 5 shows calculated mean difference and 95% CI for
function assessments. In the study by Paratz et al. [25], patient
reported surveys were used to assess lower and upper limb
function. The Lower Extremity Functional Scale (LEFS) [52],
where a high score equates to improved function was used to
assess the lower limb. The Quick-Disability of Arm, Shoulder
and Hand (Quick-DASH) survey [53], where a lower score
means improved function was used to assess the upper limb.
Physical assessments of function included shuttle walk
distance [25] and the six minute walk test [23] for adults and
gait speed was assessed in children [7]. Despite the reports of
significant group differences in upper limb function, shuttle
walk distance and six-minute walk test, the only significant
between-group difference calculated by our group was for gait
speed (MD=10.9m/min, 95% CI 7.97, 13.8).

3.3.5.  Quality of life

Quality of life was assessed by Paratz et al. [25] using the Burn
Specific Health Scale-Abbreviated (BSHS-A). Results were
taken from each of the four quality of life domains as well
as the overall score. Mean difference and 95% CI's are displayed
in Table 6. A significant effect was noted for the psychological
domain in favour of the training group, 6 weeks after cessation
of training (MD=25.3, 95% CI 3.94-49.7).

3.3.6. Pain
No studies included in this review investigated pain as an
outcome variable.

3.3.7. Adverse events

No studies directly investigated whether RT produced adverse
events in patient groups. However, it was noted in one study
[22] that one RT participant demonstrated a decrease in lean
mass after the intervention period.
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Fig. 3 - Forest plot of results for knee extensor strength.

3.4.  Quality of the evidence

Judgements of the quality of evidence using GRADE can be
found in Table 7. All outcomes were rated as having “low” to
“very low” quality evidence. The quality of evidence was
downgraded on the basis of design limitations, inconsistency
and imprecision.

4, Discussion

4.1.  Summary of main results

This review was undertaken to investigate the effects of
resistance training when performed in patients with a burn
injury. We assessed both changes in muscle physiology as well

Resistance Training Control

as changes in quality of life in participants undertaking
resistance training.

Initial meta-analysis of knee extensor strength data
demonstrated no effect of strength training on knee extensor
strength. Sub-group analysis demonstrated a significant effect
of training on knee extensor strength in adult burns patients.
No evidence on an effect on knee extensor strength was noted
in the paediatric population. Half of the studies in adults with
burn injury commenced rehabilitation prior to six months
after injury, whilst in paediatric studies, rehabilitation was
consistently commenced at six months after the burn injury.
One hypothesis may be that in the six months between injury
and commencement of formal rehabilitation, children recover
a portion of their muscle strength through daily activity and
play, mitigating some of the effectiveness of late rehabilita-
tion. However, physical activity levels after burns were not

Mean Difference Mean Difference

Study or Subgroup  Mean [Nm] SD[Nm] Total Mean [Nm] SD[Nm] Total Weight IV, Random, 95% CI [Nm] IV, Random, 95% CI [Nm]
1.1.1 Paeds

Al-Mousawi 2010 523 399 11 63.9 431 10  52% -11.60 [-47.23, 24.03] I
Cucuzzo 2001 10 5.9699 11 8 34785 10 18.2% 2.00[-213,6.13] T+

Ebid 2014 79.25 33.75 16 51.88 26.995 17 99% 27.37 [6.44, 48.30] S —
Hardee 2014 72 401716 24 52 359687 23 96% 20.00 [-1.78, 41.78] T
Przkora 2007 47.5 46.5911 17 36.4 29.1863 1 7.2% 11.10[-16.97,39.17] I —
Suman 2001 394 3182 19 336 26 16 10.8% 5.80 [-13.36, 24.96] —

Suman 2003 34.4 28.8444 13 33.2 23.8797 1 9.9% 1.20[-19.89, 22.29] ——

Suman 2007 40.84 27.329 1 49.15 27.99 9 85% -8.31[-32.71,16.09] — m o

Subtotal (95% CI) 122 107  79.2% 5.76 [1.63, 13.16] -
Heterogeneity: Tau®= 29.54; Chi*= 9.66, df=7 (P = 0.21); F= 28%

Test for overall effect: Z=1.53 (P=0.13)

1.1.2 Adults

Ebid 2012 78.94 33.75 20 66.45 26.995 20 10.9% 12.49 [-6.45, 31.43] S L
Paratz 2012 9547 3569 14 5143 16585 12 99% 44.04 [23.05, 65.03] —
Subtotal (95% CI) 34 32 20.8% 27.93 [-2.98, 58.84] ~=ep -
Heterogeneity: Tau*= 393.68; Chi*= 4.78, df=1 (P = 0.03); F=79%

Test for overall effect. Z=1.77 (P = 0.08)

Total (95% Cl) 156 139 100.0% 10.94 [1.35, 20.54] -
Heterogeneity: Tau?= 127.32; Chi*= 24.40, df= 9 (P = 0.004); F= 63% i

Test for overall effect: Z= 2.23 (P = 0.03)
Test for subaroup differences: Chi*=1.87. df=1 (P =0.17). F= 46.5%

50 50 100

Favours [control] Favours [Res Training]

-100

Fig. 4 - Forest plot of results for knee extensor strength, with imputed SD values for Ebid et al. [7,21].
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RT Control Mean Difference Mean Difference
Study or Subgroup  Mean [Nm] SD[Nm] Total Mean [Nm] SD[Nm] Total Weight IV, Random, 95% CI[Nm] IV, Random, 95% CI [Nm]
Cucuzzo 2001 98 66332 11 6.3 6.0083 10 50.7% 3.50[-1.91,8.91)
Ebid 2012 66.4 6.85 20 59.88 10.47 20 493% 6.52[1.04,12.00]
Total (95% CI) 31 30 100.0% 4.99 [1.14, 8.84]

Heterogeneity: Tau®= 0.00; Chi*= 0.59, df=1 (P = 0.44), F=0%
Test for overall effect: Z= 2.54 (P = 0.01)

-100

100

-50 0 50
Favours [control] Favours [experimental]

Fig. 5 - Forest plot of results for hamstring muscle strength.

quantified and time to commencing rehabilitation after injury
may be a factor to consider in future research.

Results for the muscle strength meta-analysis may be
confounded by the inclusion of data which may not be credible
[7,21]. When imputed SDs were used, a significant effect on
muscle strength for the whole group of studies was demon-
strated, in favour of training after burn injury, though the
statistical significance of effects for the subgroups of adults
and children were changed. That the results of the overall
analysis and the subgroup analyses are not robust to changes
in the SDs of 2 studies from one research group indicates that
they should be treated with caution.

We used back transformation to provide an estimate of the
clinical change of knee extensor muscle strength for all
studies. Using original data, the estimated change was 22.4Nm
(95% CI —14.7, 28.7) in intervention conditions and 19.9 Nm
(95% CI —13.1, 25.5) in control conditions. It is not clear how
this value translates into functional change, however, unit
conversion [54] suggests that this estimate of effect would be
equivalent to only 2.29 (—1.49 to 2.93)kgm and 2.04 (-1.33 to
2.60)kgm of force respectively. Determining the minimal
clinically important difference of such measurements would
assist clinicians in deciding on the clinical value of inter-
ventions explored in research.

Hamstring strength was assessed in one adult and one
paediatric study where, when combined, the overall effect was
in favour of training after a burn injury. One paper assessed
latissimus dorsi muscle strength in adults and our calculations
of a mean difference demonstrated significant improvement
in participants undertaking training. Several individual mus-
cle groups that were assessed but unable to be included in
meta-analysis showed no additional benefit of RT.

We also found no evidence of a significant benefit from RT
on lean mass in paediatric burns patients. No adult studies
assessed lean mass, therefore we are unable to comment on
the effect and further research should be considered in adults.

The results of studies investigating the effect of RT on
physical function were synthesized narratively. Self-report of
functional ability demonstrated no difference in lower limb
function between training and control groups, whilst upper
limb function was reported to be significantly improved in the
training group [25]. However, this was not supported when
mean difference and 95% CI's were calculated by our group
using the available data. In children, gait speed was deter-
mined to be significantly greater in the RT group [7]. However,
with our concerns about the credibility of the SD reported in
this study, interpretation of this finding should be undertaken
with caution. Walking distance in adults and children were
reported as being significantly greater after intervention for
the training groups [23], however, our calculations of between
group differences do not support this view.

One study assessed quality of life as an outcome measure
[25]. In this study, the exercise group was seen to have
greater quality of life scores for the psychological domain of
the BSHS-A six weeks after the training intervention had
ceased. The authors also described the same result for the
General domain of the BSHS-A, however, our calculated MD
and 95% CI does not support this difference in the General
domain of quality of life.

Pain and safety were not utilised as outcome measures in
any of the included studies. The failure to report adverse
events represents an important omission from the literature
and future research should address this as a priority.

Table 4 - Calculated mean difference & 95% CI of strength assessment results not included in meta-analysis.

Author Muscle group Mean difference 95% CI

Cucuzzo et al. [23] Biceps 1.10 —2.37 to 4.57
Triceps 1.50 —1.60 to 4.60
Forearm 1.50 —2.24t05.24

Paratz et al. [25] Latissimus dorsi 20.94 11.8-30.08°
Latissimus dorsi 6 weeks® 26.7 15.18-38.22°
Grip (L) ~263 —11.37 to 6.11
Grip (L) 6 weeks?® 0.03 —10.32 to 10.38
Grip (R) —3.26 —12.52 to 6.00
Grip (R) 6 weeks? —0.97 —11.32 to 9.38

3 RM: three repetition maximum test; GSD: grip strength dynamometry, best of three attempts.

& Assessment at 6 weeks after cessation of the training period.

b Significant mean difference between intervention and control groups.
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Resistance Training Control Mean Difference Mean Difference

Study or Subgroup  Mean [kg]l SD[kgl Total Mean[kg]l SD[kg]l Total Weight IV, Random, 95% CI [ka]l IV, Random, 95% CI [kal

Al-Mousawi 2010 36 16.4 1 36.6 17 10 9.5% -0.60[-14.92,13.72)

Hardee 2014 37.6 12.7373 24 35.9 16.7854 23 26.8% 1.70 [-6.85,10.25] e

Przkora 2007 33 19.3786 17 31.2 12.9348 11 13.6% 1.80[-10.17,13.77) — =

Suman 2001 30.649 16.3372 19 28.999 11.464 16 22.9% 1.65[-7.60, 10.90] —

Suman 2003 326 15.1433 13 29.3 11.2765 1M1 17.4% 3.30[-7.29,13.89] I

Suman 2007 39.12 19.8997 11 36.27 12 9 9.8% 2.85[-11.28,16.98] A - o—

Total (95% CI) 95 80 100.0% 1.87 [-2.55, 6.30] ?

Heterogeneity: Tau?= 0.00; Chi*= 0.21, df=5 (P = 1.00); = 0% 5_50 _255 Py 255 505

Test for overall effect: Z= 0.83 (P = 0.41)

Favours [control] Favours [Res Training]

Fig. 6 - Forest plot of results for lean mass.

4.2.  Quality of the evidence

Using the GRADE approach, the overall quality of evidence for
all outcomes assessed in this review was “low” to “very low”.
This was due, in part, to limitations in the size and design of
included studies and all studies were rated as high risk of bias
overall.

Bias was regularly introduced due to allocation procedures.
In some studies, consent and randomisation occurred on the
day of admission to acute care, often six months prior to
starting the training intervention. This made the judgement of
baseline compatibility difficult as the primary outcome
measures could not be recorded at the time of randomisation.
In addition, participants randomised to control and experi-
mental conditions likely interacted with the research team for
a significant period prior to commencement of treatment and
it is possible that this may introduce substantial bias to the
estimate of the treatment effect.

The current literature has poor quality reporting of
allocation and concealment procedures. Just two out of eleven
studies attained a low risk of bias rating. Unclear ratings were
given to the remaining nine studies, as the study procedures
were not described in sufficient detail. Lack of reporting clarity
isanissue which hasbeen highlighted and reported to occurin

Table 5 - Calculated mean difference & 95% CI for function

assessment- self report & physical assessment.

Self-report assessment of function

Author Measure MD 95% CI
Paratz et al. [25]  LEFS 6.09 —6.73 to 18.9
LEFS 6 week® 9.20 —6.00 to 24.4
Quick-DASH —7.12° —23.0t08.76
Quick-DASH 6 week® —845° —23.2t06.35
Physical assessment of function
Author Measure MD 95% CI
Paratz et al. [25] Shuttle walk test (m) 233.3 —21.9 to 488.6
Shuttle walk test 6 week® 242.5 —4.88 to 489.9
Ebid et al. [7] Gait speed (m/min) 109 7.97-13.8
Cucuzzo et al. 6-min walk test (m) 68.0 —87.4t0223.4
(23]

" Significant between group difference (p<0.05).
® assessment at 6 weeks after cessation of the training period.
® Negative value signifies less disability ie. improved function.

therapeutic intervention studies previously [55,56] and these
factors are known to be associated with exaggerated effect
sizes [57,58].

The reporting practices in the majority of included studies
made estimation of the size of any treatment effect difficult.
Bland and Altman [59] have discussed how the use of within
group analysis can be misleading when used to infer differ-
ences between groups. We found this to be a significant issue
for this review, as many study outcomes were reported using
only within group analyses and between group differences
inferred from disparate within group effects. This often
occurred when treatment groups did not appear to be
comparable at baseline assessment. Unfortunately, the stud-
ies in question did not perform group comparisons at baseline,
or attempt to adjust baseline values to allow appropriate
comparison of between group results. This may have led to
over interpretation of treatment effects when summarising an
individual study’s results and goes some way to explaining
why a collection of generally positively reported trials yield
largely negative results when entered into meta-analyses.
Additionally, we assume that all interventions were delivered
effectively in all studies. However, this is not consistently clear
in the reports. The use of checklists such as the TIDieR
framework [60] or CONSORT [55] would be recommended in
order to improve the clarity and depth of reporting in future
trials.

Small sample sizes were a consistent feature of all studies
in this review. Subsequently, most comparisons have only
small numbers contributing to the estimate of the treatment

Table 6 - Calculated mean difference & 95% CI for quality of

life assessment.

Author BSHS-A domain MD 95% CI

Paratz et al. [25]  Total 17.8  —20.2to 55.8
Total 6 week® 33.6 —12.6t080.2
Physical 494 -376to013.6
Physical 6 week® 8.68 —0.36t017.7
Psychological 112  —5.83t028.2
Psychological 6 week®  25.3  3.9446.7
General 3.01 -3.53t09.55
General 6 week® 503 —4.18to 14.24
Social 5.47 -3.95to 14.9
Social 6 week® 9.65 —0.13to 19.4

" Significant between group difference (p <0.05).
# assessment at 6 weeks after cessation of the training period.
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Table 7 - GRADE judgements for comparisons.

Comparison Result Design Inconsi Indirectness Imprecision Publication = GRADE
limitations stency bias judgement
Muscle strength
Knee SMD 0.74Nm, 95% CI —0.02 to 1.50 Down one Down one None Down one None Very low
extension (>25% high risk (1*=88%, (n=295)
bias) p<0.001)
Knee flexion SMD 0.65, 95% CI 0.14-1.17 Down one None None Down one None Low
(>25% high risk (n=61)
bias)
Latissimus MD 20.94, 95% CI 11.8-30.08 Down two Down one None Down one None Very low
dorsi (>25% high risk (single (n=26)

of bias. Contrib- study)
uting study not

randomised)

Biceps MD=1.10kg, 95% CI —2.37 to 4.57 Down one Down one None Down one None Very low
(>25% high risk (single (n=21)
bias) study)

Triceps MD=1.5kg, 95% CI —1.60 to 4.60 Down one Down one None Down one None Very low
(>25% high risk (single (n=21)
bias) study)

Forearm MD=1.5kg, 95% CI —2.24 to 5.24 Down one Down one None Down one None Very low
(>25% high risk (single (n=21)
bias) study)

Grip left MD=-2.63kg, 95% CI —11.37 to 6.11 Down two Down one None Down one None Very low
(>25% high risk (single (n=26)

bias. Contribut- study)
ing study not

randomised)
Grip right MD=-3.26kg, 95% CI —12.52 to 6.00 Down two Down one None Down one None Very low
(>25% high risk (single (n=26)

bias. Contribut- study)
ing study not

randomised)
Lean mass
Whole body MD=1.87kg, 95% CI —2.55 to 6.30 Down one None None Down one None Low
(DXA scan) (>25% high risk (n=175)
of bias)
Whole body MD=0.86kg 95% CI 0.11-1.61 Down one Down one None Down one None Very low
formula (>25% high risk (single (n=30)
of bias) study)
Physical function
LEFS MD=6.09, 95% CI —6.73 to 18.9 Down two Down one None Down one None Very low
(>25% high risk (single (n=26)

bias. Contribut- study)
ing study not

randomised)
Quick-DASH MD=-7.12, 95% CI —23.0 to 8.76 Down two Down one None Down one None Very low
(>25% high risk (single (n=26)

bias. Contribut- study)
ing study not

randomised)
Shuttle walk MD=233.3, 95% CI —21.9 to 488.6 Down two Down one None Down one None Very low
(>25% high risk (single (n=26)

bias. Contribut- study)
ing study not

randomised)
Gait speed MD=10.9, 95% CI 7.97-13.8 Down one Down one None Down one None Very low
(>25% high risk (single (n=40)
of bias) study)
6-min walk MD=68.0, 95% CI —87.4 to 223.4 Down one Down one None Down one None Very low
test (>25% high risk (single (n=21)
of bias) study)

(continued on next page)
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Table 7 (continued)

Comparison Result Design Inconsi Indirectness Imprecision Publication = GRADE
limitations stency bias judgement
Quality of life
BSHS-A total MD=17.8, 95% CI —20.2 to 55.8 Down two Down one None Down one None Very low
(>25% high risk (single (n=26)
bias. Contribut- study)
ing study not
randomised)
BSHS-A MD=4.94, 95% CI —3.76 to 13.6 Down two Down one None Down one None Very low
physical (>25% high risk (single (n=26)
bias. Contribut- study)
ing study not
randomised)
BSHS-A MD=11.2, 95% CI —5.83 to 28.2 Down two Down one None Down one None Very low
psychological (>25% high risk (single (n=26)
bias. Contribut- study)
ing study not
randomised)
BSHS-A MD=3.01, 95% CI —3.53 to 9.55 Down two Down one None Down one None Very low
general (>25% high risk (single (n=26)
bias. Contribut- study)
ing study not
randomised)
BSHS-A social MD=5.47, 95% CI —3.95 to 14.9 Down two Down one None Down one None Very low
(>25% high risk (single (n=26)
bias. Contribut- study)

ing study not
randomised)

GRADE working group grades of evidence.

High quality: further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the

estimate.
Very low quality: we are very uncertain about the estimate.

effect contributing to the imprecision of evidence in this
review. Itis known that, though often underpowered to detect
effects, published small studies often report more favourable
effects of an intervention, though with less precision than
larger studies [61]. In this case, some of the positive effects
reported in this review might be influenced by small study bias
and the associated issue of publication bias. Though we found
no formal evidence of publication bias, the relatively small
number of studies and lack of larger studies means that this
assessment lacks sensitivity.

4.3.  Strengths & limitations

We included only studies which were published or available in
English which may introduce bias into this review. However,
after our thorough search of the literature, we identified only
one study which was excluded for this reason as no translation
was available.

The use of a multi-modal exercise programme in the
included studies has made it difficult to elicit whether RT is the
sole cause of benefit in rehabilitation. To determine the mode
of exercise most advantageous for burn patient recovery,
future work may consider choosing just one mode of exercise
training to assess.

4.4.  Agreements and disagreements with other studies or
reviews

Our conclusions from this review for muscle strength and lean
body mass differ with the conclusions from previous qualita-
tive reviews from this body of literature. Nedelec et al. [15]
selected studies pertaining to burns rehabilitation from the
literature and extracted individual study data. After a narra-
tive review of results, they concluded that significant improve-
ments in muscle strength and lean body mass are achieved
after exercise training (including RT). However, risk of bias
assessments and meta-analysis of results were not undertak-
en in this review. Additionally, their conclusion was based
largely on the within group changes reported by each study.
Despite the shortage of supportive data analysis, practice
guidelines were recommended by the authors that exercise
training should begin after discharge from acute care and last
6-12 weeks in duration. Whilst their interpretation of results
may differ to our meta-analysis, the authors acknowledge that
it would be beneficial to further investigate the prescription
parameters of exercise training in burn rehabilitation. The
authors recommend manipulating training variables in
patients with a burn injury, including the time to commence-
ment, duration and location of undertaking an exercise
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training programme. In support of this recommendation,
Disseldorp et al. [36] have concluded in their own review that
due to the similarities of training protocols in published
studies, our knowledge of the effectiveness of different
training variables in burns exercise rehabilitation is not
complete. They too suggest that future research should
investigate a variety of training variables in rehabilitating
burn injury.

Progressive RT was recommended for outpatient burn
rehabilitation by Porter et al. [37]. Their non-systematic review
of the literature concluded that RT improved the physiological
function of burns patients, including muscle strength and was
a useful strategy to improve lean body mass. This review also
did not perform risk of bias assessments or meta-analysis of
results. Therefore, their conclusions are likely to also be based
largely upon within group analyses performed in the individ-
ual studies. The authors have suggested that more effort
should be made to identify the specific regimens of RT that
would be most effective in optimising patient outcome.

4.5. Future research recommendations

It is necessary that rehabilitation specialists understand the
unique effect of exercise in individuals with burn injury. The
outcomes of this review would suggest that the literature is
lacking variation in the prescription of exercise training in this
patient cohort. In order to more completely understand the
effects of training in burn injury, future research should focus
on currently unknown prescription variables, such as testing
exercise training during the acute and sub-acute injury phase,
as well as in minor and moderate sized burns. The length of a
training intervention should be investigated to gain an
understanding of what the minimum effective training period
could be to improve outcomes in individuals with a burn injury.

In addition to ongoing assessment of the effect of exercise
on physiological outcomes of muscle strength and body
composition, research in adults and children should look to
include patient centred outcomes such as quality of life and
physical function, including return to recreation and work.
The safety of patients undertaking exercise should also be
systematically investigated.

Itis necessary to move toward studies which are adequate-
ly powered, where allocation is transparently randomised and
concealed, and where blinded assessment can be truly
undertaken to improve the quality of research outcomes. This
review has identified the need for attention to reporting
standards in order to improve the quality and clarity of
research. Future trials should adhere to CONSORT guidance,
including that related to the reporting of the development and
evaluation of complex interventions [62]. This will help to
eliminate ambiguity of methodology and results, ensuring
clear interpretation of important outcomes.

5. Conclusions

Thisreview has determined thatlow quality evidence suggests
some positive effects of RT on muscle strength and psycho-
logical quality of life in adults with burns. Post-hoc sensitivity
analysis suggests a positive effect of RT on muscle strength in

all patients recovering from burn injury. Analyses did not
suggest an effect for RT on lean body mass in children.
However, consideration needs to be taken of the low quality of
evidence currently available for these outcomes in the burn
injury rehabilitation literature.

The quality of evidence available for this review suggests
that that additional well designed and robust longitudinal
research is required to understand the effect of RT after burn
injury in order to implement it successfully in rehabilitation.
We noted a general lack of studies measuring outcomes which
may be more meaningful to the patient group, such as pain,
quality of life and return to work, sport and hobbies. Future
research would benefit from this type of assessment in
addition to those which investigate muscular physiology.

Conflicts of interest

The authors wish to confirm that there are no known conflicts
of interest.

Authors contribution

PG: Lead researcher, study selection, data entry, data analysis,
lead writing of review.

TG: Appraisal of review, study selection, methodological
advice.

BW: Appraisal of review, independent assessor, expert
methodological advice.

DE: Appraisal of review, independent assessor, expert
subject advice.

FW: Appraisal of review, expert subject advice

NEO: Appraisal of review, expert methodological advice,
statistical advice.

Differences between protocol and review

The review was compliant with the protocol registration
published on PROSPERO. No differences were noted between
the two.

Acknowledgements

Mr Gittings’ and Dr Edgar’s research backfill time to complete
this systematic review was supported by the Fiona Wood
Foundation and Raine Medical Research Foundation (WA).

REFERENCES

[1] Klein MB, Lezotte DC, Heltshe S, Fauerbach ], Holavanahalli
RK, Rivara FP, et al. Functional and psychosocial outcomes of
older adults after burn injury: results from a multicenter
database of severe burn injury. ] Burn Care Res 2011;32:66-78.

[2] Wasiak J, Paul E, Lee S], Mahar P, Pfitzer B, Spinks A, et al.
Patterns of recovery over 12 months following a burn injury in
Australia. Injury 2014;45:1456-64.

Please cite this article in press as: P.M. Gittings, et al., Resistance training for rehabilitation after burn injury: A systematic literature
review & meta-analysis, Burns (2017), http://dx.doi.org/10.1016/j.burns.2017.08.009



http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0005
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0005
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0005
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0005
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0010
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0010
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0010
http://dx.doi.org/10.1016/j.burns.2017.08.009

JBUR 5346 No. of Pages 21

20 BURNS XXX (20I7) XXX-XXX

[3] RennebergB, Ripper S, Schulze ], Seehausen A, Weiler M, Wind
G, et al. Quality of life and predictors of long-term outcome
after severe burn injury. ] Behav Med 2013;37:967-76.

[4] Hart DW, Wolf SE, Chinkes DL, Gore DC, Mlcak RP, Beauford RB,
et al. Determinants of skeletal muscle catabolism after severe
burn. Ann Surg 2000;232:455-65.

[5] Hart DW, Wolf SE, Mlcak R, Chinkes DL, Ramzy PI, Obeng MK,
et al. Persistence of muscle catabolism after severe burn.
Surgery 2000;128:312-9.

[6] Porter C, Hurren NM, Herndon DN, Borsheim E. Whole body
and skeletal muscle protein turnover in recovery from burns.
Int J Burns Trauma 2013;3:9-17.

[7] Ebid AA, Omar MT, Abd El Baky AM. Effect of 12-week
isokinetic training on muscle strength in adult with healed
thermal burn. Burns 2012;38:61-8.

[8] St-Pierre DM, Choiniere M, Forget R, Garrel DR. Muscle
strength in individuals with healed burns. Arch Phys Med
Rehabil 1998;79:155-61.

[9] Ferrando AA, Stuart CA, Sheffield-Moore M, Wolfe RR.
Inactivity amplifies the catabolic response of skeletal muscle
to cortisol. J Clin Endocrinol Metab 1999;84:3515-21.

[10] Garber CE, Blissmer B, Deschenes MR, Franklin BA, Lamonte
M]J, Lee IM, et al. American College of Sports Medicine position
stand. Quantity and quality of exercise for developing and
maintaining cardiorespiratory, musculoskeletal, and
neuromotor fitness in apparently healthy adults: guidance for
prescribing exercise. Med Sci Sports Exerc 2011;43:1334-59.

[11] Lloyd RS, Faigenbaum AD, Stone MH, Oliver JL, Jeffreys I,
Moody JA, et al. Position statement on youth resistance
training: the 2014 International Consensus. Br ] Sports Med
2014,48:498-505.

[12] Ferrando AA, Tipton KD, Bamman MM, Wolfe RR. Resistance
exercise maintains skeletal muscle protein synthesis during
bed rest. ] Appl Physiol 1997;82:807-10.

[13] Little JP, Phillips SM. Resistance exercise and nutrition to
counteract muscle wasting. Appl Physiol Nutr Metab.
2009;34:817-28.

[14] Zinna EM, Yarasheski KE. Exercise treatment to counteract
protein wasting of chronic diseases. Curr Opin Clin Nutr Metab
Care 2003;6:87-93.

[15] Nedelec B, Parry I, Acharya H, Benavides L, Bills S, Bucher JL,
et al. Practice Guidelines for cardiovascular fitness and
strengthening exercise prescription after burn injury. J Burn
Care Res 2016;37:€539-58.

[16] Abe T, DeHoyos DV, Pollock ML, Garzarella L. Time course for
strength and muscle thickness changes following upper and
lower body resistance training in men and women. Eur J Appl
Physiol 2000;81:174-80.

[17] Suman OE, Thomas SJ, Wilkins JP, Mlcak RP, Herndon DN.
Effect of exogenous growth hormone and exercise on lean
mass and muscle function in children with burns. ] Appl
Physiol 2003;94:2273-81.

[18] Przkora R, Herndon DN, Suman OE. The effects of oxandrolone
and exercise on muscle mass and function in children with
severe burns. Pediatrics 2007;119:e109-16.

[19] Higgins JP, Green S. Cochrane Handbook for Systematic
Reviews of Interventions: The Cochrane Collaboration; 2011.

[20] Guyatt GH, Oxman AD, Schunemann HJ, Tugwell P,
Knottnerus A. GRADE guidelines: a new series of articlesin the
Journal of Clinical Epidemiology. J Clin Epidemiol 2011;64:380-
2.

[21] Ebid AA, El-Shamy SM, Draz AH. Effect of isokinetic trainingon
muscle strength, size and gait after healed pediatric burn: a
randomized controlled study. Burns 2014;40:97-105.

[22] Al-Mousawi AM, Williams FN, Mlcak RP, Jeschke MG, Herndon
DN, Suman OE. Effects of exercise training on resting energy
expenditure and lean mass during pediatric burn
rehabilitation. ] Burn Care Res 2010;31:400-8.

[23]

Cucuzzo NA, Ferrando A, Herndon DN. The effects of exercise
programming vs traditional outpatient therapy in the
rehabilitation of severely burned children. ] Burn Care Res
2001;22:214-20.

[24] Mowafy ZME, El-Sayed AF, El-Monaem MA, Osman MA. Effect
of aerobic and resistive exercises on resting energy
expenditure and lean body mass during paediatric burn
rehabilitation. Int ] PharmTech Res 2016;9:1-7.

[25] Paratz JD, Stockton K, Plaza A, Muller M, Boots R]. Intensive
exercise after thermal injury improves physical, functional,
and psychological outcomes. ] Trauma Acute Care Surg
2012;73:186-94.

[26] Suman OE, Herndon DN. Effects of cessation of a structured
and supervised exercise conditioning program on lean mass
and muscle strength in severely burned children. Arch Phys
Med Rehabil 2007;88:524-9.

[27] Suman OE, Spies R]J, Celis MM, Mlcak RP, Herndon DN. Effects
of a 12-wk resistance exercise program on skeletal muscle
strength in children with burn injuries. ] Appl Physiol
2001;91:1168-75.

[28] Hardee JP, Porter C, Sidossis LS, Borsheim E, Carson JA,
Herndon DN, et al. Early rehabilitative exercise training in the
recovery from pediatric burn. Med Sci Sports Exerc
2014,46:1710-6.

[29] Ahmed ET, Abdel-aziem AA, Ebid AA. Effect of isokinetic
training on quadriceps peak torgue in healthy subjects and
patients with burn injury. ] Rehabil Med 2011;43:930-4.

[30] Grisbrook TL, Elliott CM, Edgar DW, Wallman KE, Wood FM,
Reid SL. Burn-injured adults with long term functional
impairments demonstrate the same response to resistance
training as uninjured controls. Burns 2013;39:680-6.

[31] Grisbrook TL, Reid SL, Edgar DW, Wallman KE, Wood FM, Elliott
CM. Exercise training to improve health related quality of life
in long term survivors of major burn injury: a matched
controlled study. Burns 2012;38:1165-73.

[32] Celis MM, Suman OE, Huang TT, Yen P, Herndon DN. Effect of a
supervised exercise and physiotherapy program on surgical
interventions in children with thermal injury. J Burn Care
Rehabil 2003;24:57-61 discussion 56.

[33] Chao T, Suman O, Herndon D, Sidossis L, Porter C. Skeletal
muscle mitochondrial function in severely burned children
improves following rehabilitative exercise. FASEB ] 201428:
1159.13.

[34] Grisbrook TL, Wallman KE, Elliott CM, Wood FM, Edgar DW,
Reid SL. The effect of exercise training on pulmonary
function and aerobic capacity in adults with burn. Burns
2012;38:607-13.

[35] Suman OE, Mlcak RP, Herndon DN. Effect of exercise training
on pulmonary function in children with thermal injury. ] Burn
Care Rehabil 2002;23:288-93.

[36] Disseldorp LM, Nieuwenhuis MK, Van Baar ME, Mouton LJ.
Physical fitness in people after burn injury: a systematic
review. Arch Phys Med Rehabil 2011;92:1501-10.

[37] Porter C, Hardee JP, Herndon DN, Suman OE. The role of
exercise in the rehabilitation of patients with severe burns.
Exerc Sport Sci Rev 2015;43:34-40.

[38] Serghiou M, Cowan A, Whitehead C. Rehabilitation after a
burn injury. Clin Plast Surg 2009;36:675-86.

[39] Ebid AA, Ahmed MT, Mahmoud Eid M, Mohamed MS. Effect of
whole body vibration on leg muscle strength after healed
burns: a randomized controlled trial. Burns 2012;38:1019-26.

[40] Neugebauer CT, Serghiou M, Herndon DN, Suman OE. Effects
of a 12-week rehabilitation program with music & exercise
groups on range of motion in young children with severe
burns. ] Burn Care Res 2008;29:939-48.

[41] Saraiya H. Management of an unusual extreme extension
contracture of the wrist: role of a custom-designed exercise
program in achieving a good range of movement and
prevention of recontraction. ] Burn Care Rehabil 2003;24:378-81.

Please cite this article in press as: P.M. Gittings, et al., Resistance training for rehabilitation after burn injury: A systematic literature
review & meta-analysis, Burns (2017), http://dx.doi.org/10.1016/j.burns.2017.08.009



http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0015
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0015
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0015
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0020
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0020
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0020
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0025
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0025
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0025
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0030
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0030
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0030
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0035
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0035
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0035
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0040
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0040
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0040
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0045
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0045
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0045
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0050
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0050
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0050
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0050
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0050
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0050
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0055
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0055
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0055
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0055
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0060
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0060
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0060
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0065
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0065
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0065
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0070
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0070
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0070
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0075
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0075
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0075
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0075
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0080
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0080
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0080
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0080
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0085
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0085
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0085
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0085
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0090
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0090
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0090
http://refhub.elsevier.com/S0305-4179(17)30452-7/oref0095
http://refhub.elsevier.com/S0305-4179(17)30452-7/oref0095
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0100
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0100
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0100
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0100
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0105
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0105
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0105
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0110
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0110
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0110
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0110
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0115
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0115
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0115
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0115
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0120
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0120
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0120
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0120
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0125
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0125
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0125
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0125
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0130
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0130
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0130
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0130
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0135
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0135
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0135
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0135
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0140
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0140
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0140
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0140
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0145
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0145
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0145
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0150
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0150
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0150
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0150
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0155
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0155
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0155
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0155
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0160
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0160
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0160
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0160
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0165
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0165
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0165
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0165
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0170
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0170
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0170
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0170
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0175
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0175
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0175
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0180
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0180
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0180
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0185
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0185
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0185
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0190
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0190
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0195
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0195
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0195
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0200
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0200
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0200
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0200
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0205
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0205
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0205
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0205
http://dx.doi.org/10.1016/j.burns.2017.08.009

JBUR 5346 No. of Pages 21

BURNS XXX (2017) XXX -XXX 21

[42] Benjamin NC, Andersen CR, Herndon DN, Suman OE. The
effect of lower body burns on physical function. Burns
2015;41:1653-9.

[43] Parrott M, Ryan R, Parks DH, Wainwright DJ. Structured
exercise circuit program for burn patients. ] Burn Care Rehabil
1988;9:666-8.

[44] Cronan T, Hammond J, Ward CG. The value of isokinetic
exercise and testing in burn rehabilitation and
determination of back-to-work status. J Burn Care Rehabil
1990;11:224-7.

[45] PenaR,Ramirez LL, Crandall CG, Wolf SE, Herndon DN, Suman
OE. Effects of community-based exercise in children with
severe burns: a randomized trial. Burns 2015;42:41-7.

[46] Porro LJ, Al-Mousawi AM, Williams F, Herndon DN, Mlcak RP,
Suman OE. Effects of propranolol and exercise training in
children with severe burns. J Pediatr 2013162: 799-803.e1.

[47] Rosenberg M, Celis MM, Meyer IW, Tropez-Arceneaux L,
McEntire SJ, Fuchs H, et al. Effects of a hospital based wellness
and exercise program on quality of life of children with severe
burns. Burns 2013;39:599-609.

[48] Kim JB, Cho YS, Jang KU, Joo SY, Choi JS, Seo CH. Effects of
sustained release growth hormone treatment during the
rehabilitation of adult severe burn survivors. Growth Horm IGF
Res 2016;27:1-6.

[49] Martin Martinez V, Diez Sanz MJ, Corona Fernandez O, Garcia
Aragon A, Gonzalez Fraile L. Physical rehabilitation in
extensively burned patients. Rev Enferm 2014;37:52-7.

[50] CasaB, CaleffiE, BocchiA, FerraroF, Del Piano P. Rehabilitation
of burned patients. II. Therapeutic exercise. Acta Biomed
Ateneo Parmense 1990;61:67-71 [Italian].

[51] Wurzer P, Voigt CD, Clayton RP, Andersen CR, Mlcak RP,
Kamolz LP, et al. Long-term effects of physical exercise during
rehabilitation in patients with severe burns. Surgery
2016;160:781-8.

[52] Binkley JM, Stratford PW, Lott SA, Riddle DL. The lower
extrenity functional scale (LEFS): scale development,

measurement properties, and clinical application. Phys Ther
1999;79:371.

[53] Beaton DE, Wright ]G, Katz JN, Group UEC. Development of the
QuickDASH: comparison of three item-reduction approaches.
] Bone Joint Surg Am 2005;87:1038-46.

[54] ConvertUnits.com. Convert Units— Measurement Unit
Converter. 2017.

[55] Moher D, Hopewell S, Schulz KF, Montori V, Ggtzsche PC,
Devereaux PJ, et al. CONSORT 2010 explanation and
elaboration: updated guidelines for reporting parallel group
randomised trials. BMJ 2010;340:c869.

[56] Yamato TP, Maher CG, Saragiotto BT, Hoffmann TC, Moseley
AM. How completely are physiotherapy interventions
described in reports of randomised trials. Physiotherapy
2016;102:121-6.

[57] Savovic ], Jones H, Altman D, Harris R, Juni P, Pildal J, et al.
Influence of reported study design characteristics on
intervention effect estimates from randomised controlled
trials: combined analysis of meta-epidemiological studies.
Health Technol Assess 2012;16:1-82.

[58] Wood L, Egger M, Gluud LL, Schulz KF, Juni P, Altman DG, et al.
Empirical evidence of bias in treatment effect estimates in
controlled trials with different interventions and outcomes:
meta-epidemiological study. BMJ 2008;336:601-5.

[59] Bland JM, Altman DG. Comparisons against baseline within
randomised groups are often used and can be highly
misleading. Trials 2011;12:264.

[60] Yamato T, Maher C, Saragiotto B, Moseley A, Hoffmann T,
Elkins M, et al. The TIDieR checklist will benefit the physical
therapy profession. Pediatr Phys Ther 2016;28:366-7.

[61] Dechartres A, Trinquart L, Boutron I, Ravaud P. Influence of
trial sample size on treatment effect estimates: meta-
epidemiological study. BMJ 2013;346:f2304.

[62] Hoffmann TC, Glasziou PP, Boutron I, Milne R, Perera R, Moher
D, et al. Better reporting of interventions: template for
intervention description and replication (TIDieR) checklist
and guide. BMJ 2014;348:g21687.

Please cite this article in press as: P.M. Gittings, et al., Resistance training for rehabilitation after burn injury: A systematic literature
review & meta-analysis, Burns (2017), http://dx.doi.org/10.1016/j.burns.2017.08.009



http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0210
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0210
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0210
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0215
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0215
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0215
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0220
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0220
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0220
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0220
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0225
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0225
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0225
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0230
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0230
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0230
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0235
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0235
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0235
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0235
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0240
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0240
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0240
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0240
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0245
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0245
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0245
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0250
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0250
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0250
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0255
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0255
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0255
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0255
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0260
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0260
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0260
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0260
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0265
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0265
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0265
http://ConvertUnits.com
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0275
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0275
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0275
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0275
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0280
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0280
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0280
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0280
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0285
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0285
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0285
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0285
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0285
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0290
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0290
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0290
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0290
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0295
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0295
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0295
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0300
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0300
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0300
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0305
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0305
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0305
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0310
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0310
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0310
http://refhub.elsevier.com/S0305-4179(17)30452-7/sbref0310
http://dx.doi.org/10.1016/j.burns.2017.08.009

	Resistance training for rehabilitation after burn injury: A systematic literature review and meta-analysis
	Authors

	Statement_Gittings
	Gittings_etal_2017_Resistance

