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Abstract

Objective: To investigate the efficacy of community-based exercise programs (COMBEX) in the 

rehabilitation of adult burn patients as compared to standard of care (SOC).

Design: Randomized controlled trial, with 2:1 randomization.

Setting: Assessments were performed in a hospital setting. The intervention was performed in a 

community setting.

Participants: Adult patients with ≥ 30% total body surface area burns were randomized to 

participate in COMBEX (N = 31) or standard of care (SOC) (N = 14). Patient sampling was 

consecutive and referred.
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Interventions: The COMBEX program consisted of 12 weeks of exercise with a community-

based trainer after hospital discharge. The SOC group did not receive exercise training.

Main Outcome Measures: Change in lean body mass index, peak torque, and VO2 max from 

discharge to 12 weeks post discharge, presented as mean ± SE.

Results: The COMBEX group showed a significant increase in VO2 max compared to SOC 

(COMBEX: Δ = 7.723 ± 1.522 mL/kg/min, p = 0.0006; SOC: Δ = 2.200 ± 1.150 mL/kg/min, p = 

0.0765; COMBEX vs SOC, p = 0.0236). The COMBEX group exhibited a significant within 

group increase in lean body mass index (Δ = 1.107 ± 0.431 kg/m2, p = 0.0003; SOC: Δ = 1.323 ± 

0.873 kg/m2, p = 0.2808). Both groups showed significant within group increases in peak torque 

(COMBEX: Δ = 35.645 ± 7.566 N m, p = 0.0003; SOC: Δ = 34.717 ± 11.029 N m, p = 0.0082). 

No significant differences were noted between the 2 groups for LBMI or peak torque.

Conclusions: Patients who participate in a community-based exercise program show significant 

improvements in cardiopulmonary fitness compared to standard of care, supporting the use of 

COMBEX as an alternative therapy to SOC in adults with severe burns.
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Severe burn injury has been shown to result in profound morbidity owing to hypermetabolic 

and hypercatabolic responses that can last for at least 24 months following injury.(1) These 

responses lead to loss of lean body mass, (2) which is exacerbated by reduced physical 

activity as a result of the injury.(3) Our institution has demonstrated that 12-week in-hospital 

exercise programs can improve lean body mass, muscle strength and power, and maximal 

aerobic capacity in burned children.(4–6) However, incorporating a hospital-based exercise 

program into the post-discharge care of the burn patient has advantages and disadvantages 

that must be weighed before implementation. Exercise programs carried out in hospitals that 

treat burn injuries will have staff that is specialized or familiar with the requirements of 

these patients. However, the distance from the patient’s home requires significant time 

commitments and monetary resources for participation. These disadvantages of participating 

in-hospital exercise programs are compounded in adult burn patients because of family/

personal commitments and the need of many to return to work. Thus, many patients opt to 

forgo these structured exercise programs. A recent study of exercise behaviors in adult burn 

survivors suggests that those with burn injury are less likely to engage in regularly scheduled 

exercise because of their physical condition or lack of motivation.(7)

To address this issue, we have investigated the use of a community-based exercise program 

(COMBEX) in the rehabilitation of pediatric burn patients. We have shown that such 

programs are viable alternatives to hospital-based exercise programs in improving lean body 

mass, muscle strength, and cardiopulmonary fitness.(8) The objective of this study is to 

extend our previous work in the pediatric burn population into the adult burn population. We 

hypothesized that adult burn patients who underwent community-based exercise programs 

would have improvements in body composition and measures of physical and 

cardiopulmonary fitness as compared to those who did not.
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Methods

This was a multi-center, prospective, randomized study, which conforms to the Helsinki 

Declaration and was approved by the Institutional Review Board. Outside institutions, 

consisting of other regional burn units which provide the same level of care, referred patients 

to the primary institution for testing. Costs of travel to the primary institution for testing was 

covered. Patients were enrolled from November 2009 through January, 2016. All patients 

were adults who agreed to participate in the study and signed an informed consent form, 

which was approved by the Institutional Review Board. A power analysis was performed 

with an alpha of 0.01 to obtain a family error rate of less than 0.05, and a beta of 0.8. A 

sample size of 20 patients per group was determined to be able to detect a difference in 

change in muscle mass of 5%, change in aerobic capacity of 20%, and change in muscle 

strength of 13%. After providing consent, patients were randomized to either COMBEX (N 

= 31) or standard of care (SOC) (N = 14) in a 2:1 ratio. The prospective randomized 

schedule was created by the American Burn Association Data Coordinating Center. 

Inclusion and exclusion criteria are listed in Text Box 1. Endpoints of the study included 

lean body mass, muscle strength, and cardiopulmonary fitness, which were assessed at 

hospital discharge and at 12 weeks after exercise training. Assessors were not blinded during 

outcome measurements. All patients received SOC treatment during their hospitalization.

One week prior to discharge the patient was approached, and the study was explained to the 

patient. Participation was then offered. An eligibility checklist was filled out, and if 

qualified, patients were given a copy of the consent form for their review. The research 

personnel followed up with the patient the next day, and if the patient agreed to participate, a 

signature was obtained and a copy of signed consent left for their review and reference. The 

patient was then randomized into either of the groups according to the randomization table. 

A chart was made identifying the participant. Participants underwent outcome testing as 

described below upon discharge from the hospital, and were scheduled for a follow-up visit 

in 12 weeks for further outcome testing. Transportation for outcome testing was paid for by 

the institution.

Standard of care group

Upon discharge from the hospital, patients in the SOC group were given instructions on how 

to perform physical therapy and occupational therapy exercises after discharge. After 

education, patients could perform the physical therapy and occupational therapy exercises 

either at their own home or a gym, though there was no structured intervention or gym 

access provided to this arm. Rehabilitation therapy exercises that our institution educates 

patients upon varies depending upon individual needs, but examples of common techniques 

include compression therapy, hand therapy, activities of daily living, face and neck 

stretching, scar massages, splinting, range of motion and strength exercises, and restoration 

of function exercises.(9)
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Community-based exercise program group

Patients in the COMBEX group were also provided with instructions on how to perform 

physical therapy and occupational therapy exercises on their own. In addition, they were 

supplied with a pre-paid 12-week membership at an exercise facility near their home, as well 

as 36 pre-paid personal trainer sessions (to be attended 3 times per week), and they were 

prescribed a 12-week exercise training program. Transporation to gyms was not provided to 

participants. During these sessions, which made up the 12-week exercise training program, 

personal trainers were given a list of recommended aerobic and resistance training exercises. 

The personal trainers could modify the workout at their discretion based upon the needs of 

the participants. The aerobic exercise sessions consisted of warm-up, exercise, and cool-

down phases performed for 20 to 40 minutes using a treadmill, elliptical, rower, or cycle 

ergometer per the patient’s individual needs. Exercises were performed at an intensity to 

elicit 60 to 85% of the patient’s peak heart rate or a rating of perceived exertion of 6 to 8.

(10) Resistive exercise sessions used variable resistance machines or free weights, with 30 

minutes of exercises consisting of 3 sets of 8 to 15 repetitions. Progressive resistance 

training was carried out with a mixture of free weights and weightlifting machines. The 

types of exercises done were bench press, biceps and triceps curls, shoulder press, leg press, 

leg extension, hamstring curls, abdominal crunches. Progression of exercise loads, 

repetitions and sets were determined as previously described(8). Both groups received 

similar SOC treatment, which includes compression therapy and splinting if prescribed by 

burn surgeon with assistance from PT/OT. Patients were also free to exercise at the gym 

outside of the personal training sessions if they desired.

Lean body mass index

Body composition was assessed via dual energy X-ray absorptiometrya with patients in the 

supine position. Lean body mass index (LBMI) was reported in kilograms of body weight 

divided by the square of the patient’s height in meters (kg/m2). The methodology used by 

our group has been reported in previous studies. These measurements were performed at 

hospital discharge and after completion of 12 weeks of exercise in the COMBEX group or at 

12 weeks post discharge in the SOC group.

Cardiopulmonary fitness

Maximal aerobic capacity was assessed according to a modified Bruce protocol.(12) The 

incline and/or speed of the treadmill was adjusted every 3 minutes during the test. The initial 

speed of the treadmill was 1.7 mph, and the initial incline was zero.(12) The exercise 

intensity was progressively increased until the patient could not maintain the required 

workload (volitional fatigue). Other indicators of maximal or peak exertion included a 

respiratory quotient greater than 1.10 and a Borg’s Rated Perceived Exertion level (CR-10) 

of 9–10.(6, 13) Methodologies for measurement and analysis of heart rate and VO2 peak 

(mL O2 consumed/kg body weight/min) are described in our other work.(12) Peak heart rate 

and peak VO2 were used to guide the intensity of training of aerobic exercise in the 

aHologic Inc, 35 Crosby Dr, Bedford, MA 01730
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COMBEX group. Similar to dual energy X-ray absorptiometry measurements, assessments 

were performed at hospital discharge and 12 weeks later.

Muscle strength

Peak torque was assessed at hospital discharge and 12 weeks later via an isokinetic 

dynamometerb, with peak torque being defined as the highest muscular force output (Biodex 

Advantage Software Operations Manual. Shirley, NY, 2001). Prior to testing, patients were 

told what to expect throughout the testing process. Patients were tested in a seated position 

with a strap over the midthigh and pelvis to keep them secure. Dominant leg extensors were 

tested at 150 degrees per second. Prior to testing, patients were allowed to complete a 

practice session of 10 repetitions at 150 degrees per second. During testing, patients 

performed 10 repetitions at 150 degrees per second at a maximal volitional effort.

Statistical analyses

For each outcome (VO2 maximum, peak torque, and lean body mass index), the change 

between discharge and post-exercise measurements was modeled by analysis of variance 

with relation to treatment group. Heterogeneous variance was controlled by weighting, and 

different mean baseline measurements at discharge for each group were controlled for via 

inclusion as a covariate in the statistical model. Multiple testing associated with reporting of 

main effects and treatment effects were controlled by Hommel-adjusted p-values. (14) Chi-

square tests and Student’s T tests were used to assess demographic differences between 

groups. All modeling was performed using R statistical software. (15) In all statistical tests, 

alpha=.05, for a 95% level of confidence. Results are presented as mean ± SE.

Results

A total of 45 subjects were randomized to the COMBEX or SOC groups. Study subject 

disposition is outlined in the participant flow [CONSORT] diagram provided in Fig. 1. 

Demographic and other characteristics including age, sex, total body surface area burned, 

total body surface area with third-degree burns, and length of stay did not significantly differ 

between the COMBEX and SOC groups (p > 0.05, Table 1).

Measurements for LBMI, muscle strength, and cardiorespiratory fitness are presented in 

Table 2, along with the change in these measurements (Δ) and the within-group and 

between-group tests. Within-group comparisons showed that 12 weeks of exercise increased 

LBMI (Δ = 1.107 ± 0.431 kg/m2, p = 0.0003) and VO2 peak (Δ = 7.723 ± 1.522 mL/kg/min, 

p = 0.0006). No significant increases were detected in the SOC group for either LBMI (Δ = 

1.323 ± 0.873 kg/m2, p = 0.2808) or VO2 peak (Δ = 2.200 ± 1.150 mL/kg/min, p = 0.0765). 

In contrast, both the COMBEX and SOC groups had significant within-group increases in 

peak torque muscle strength (COMBEX: Δ = 35.645 ± 7.566 N m, p = 0.0003; SOC: Δ = 

34.717 ± 11.029 N m, p = 0.0082). Between group comparison showed a significant increase 

in VO2 peak in the COMBEX group as compared to the SOC group (SOC-COMBEX = 

bBiodex Medical Systems, Inc, 20 Ramsey Rd, Shirley, NY 11967
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5.523 ± 1.908 mL/kg/min, p = 0.0236). However, between-group comparisons showed no 

significant differences in LBMI or peak torque muscle strength between the COMBEX and 

SOC groups.

Discussion

This study shows that adults who engage in a 12-week community-based exercise program 

following burn injury experience improvements in lean body mass index, muscle strength, 

and cardiopulmonary capacity. Of note, the patients who underwent community-based 

exercise programs had a significant improvement in their cardiopulmonary capacity, as 

measured by VO2 peak, when compared to those who did note engage in a guided exercise 

program. The improvements in lean body mass index and muscle strength were significant 

by within-group comparison, but not when compared to the SOC group. The increase in 

VO2 peak, representing increased exercise tolerance, has been noted not only with burned 

children, but also in other disease processes including COPD. (17) These results agree with 

those of previous studies from our institution investigating both in-hospital and community-

based exercise programs in the pediatric burn population(4–6, 8, 13, 18–21), as well as in 

studies done by others in adult burn patients. Ebid, et. al., noted that 12 weeks of isokinetic 

exercise training in burned adults resulted in increased strength, though not increased to the 

level of a healthy adult (22), with similar results in children. (23)While in-hospital exercise 

programs are offered to all of our pediatric patients as SOC, these programs have yet to be 

implemented in our adult patients owing to lack of studies in the burned adult population as 

well as barriers to participating in an in-hospital exercise program such as cost, time, 

distance from home, and loss of work.

While the patients who were enrolled in COMBEX had improvements in all 3 measures 

studied, those who were in the SOC group showed significant improvements in only peak 

torque muscle strength. We hypothesize that this improvement in strength in the SOC group 

is primarily due to early neuromuscular adaptations.(24) Those in the SOC group 

experienced a significant increase in muscle activity from the transition from hospitalization 

to day-to-day activities, which included unguided physical therapy/occupational therapy 

exercises supplied to each patient. This increase in activity necessitated improved motor unit 

activation and subsequently increased strength without corresponding muscle hypertrophy. 

However, these exercises were only suggested to patients, and without guidance, patients 

may have significant issues with compliance. In contrast, structured exercise improved both 

muscle strength and LBMI, showing that muscle hypertrophy took place. The proportion of 

the strength increase representing neural gains and that attributable to hypertrophy was not 

determined in this study, though future studies of longer exercise programs could show 

greater improvements in exercise outcomes.

Our results suggest that community-based exercise programs may be efficacious when 

included as part of post-burn rehabilitation. Moving forward, studies should elaborate on the 

advantages of taking part in these programs as well as determine ways to individualize 

exercise programs to the needs of the burn patient. While community gyms and personal 

trainers may have less experience with the specific needs of this population, improved 

relationships between burn care providers and personal trainers in the region may promote 
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participation in such programs. They may also promote education of personal trainers so that 

these community programs will more closely mirror their hospital-based counterparts. 

Future studies should also focus on psychosocial benefits of exercise training using personal 

trainers and community gyms compared to hospital based exercise training programs. There 

is a possibility that exercise training in the community gym using personal exercise trainers 

could improve self-confidence and promote a quicker reintegration into society.

Study limitations

A limitation of the study is the small sample size. This, taken with variation among subjects, 

may account for lack of differences detected between the COMBEX and SOC groups. 

Future studies with greater power will strengthen these results. The small sample size was 

compounded by lack of compliance and incomplete numbers of measurements at each time 

point. This was especially true in the SOC group. The lack of an intervention in the SOC 

group likely led to more missed follow-up appointments, reducing the numbers of 

measurements. Future studies should incorporate improved methods of incentivizing non-

intervention patients to return for follow-up measurements. Compliance for the personal 

training sessions in the COMBEX group was to be communicated to our institution via 

attendance logs requested from the personal trainers or the community-based gyms. 

However, these were not provided for most of the patients. Future studies of community-

based interventions should incorporate improved methods of communication with patients 

and personal trainers during exercise programs.

Conclusions

Adult burn patients who participate in a 12-week COMBEX program show significant 

improvement in cardiopulmonary capacity as compared to those who do not engage in a 

structured exercise program.. These results support the integration of COMBEX programs 

into post-burn rehabilitation.
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SOC standard of care

VO2peak maximum oxygen uptake
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Text Box 1 Inclusion and Exclusion Criteria

Inclusion Criteria

• Total body surface area burned ≥ 30%

• Age ≥ 18 years and ≤ 59 years

Exclusion Criteria

• Known history of AIDS, AIDS Related Complex, or HIV

• Malignant neuroleptic hyperthermia

• Active tuberculosis

• Cirrhosis

• Renal insufficiency

• Hepatic disease

• Known coronary artery disease

• Congestive heart failure

• Uncontrolled asthma or pulmonary disease

• Associated head injuries requiring specific treatment

• Mental retardation/autism/other mental disorder

• Gastrointestinal disorders that impair absorption

• Pregnancy
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Figure 1: 
CONSORT flow diagram for the study.
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Table 1

Patient Characteristics

Characteristic Group

COMBEX SOC p value

N 31 14

Sex (Male/Female) 30/1 14/0 1.00

Age (Years) 35 ± 11 35 ± 9 0.86

TBSA Burned (%) 46 ± 11% 48 ± 19% 0.73

TBSA Burned, 3rd-Degree (%) 25 ± 18% 37 ± 22% 0.18

LOS (days) 41 ± 34 44 ± 40 0.83

Values are presented as mean ± SD. COMBEX (community-based exercise program), SOC (standard of care), TBSA (total body surface 
area), LOS (length of stay).
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Table 2

Lean Body Mass Index, Peak Torque, and VO2 Peak

Measure Δ from DC to Post-Exercise, COMBEX Δ from DC to Post-Exercise, SOC COMBEX-SOC

Mean ± SE p-value Mean ± SE p-value p-value

VO2 Peak (mL/kg/min) 7.723 ± 1.522 0.0006 2.200 ± 0.0765 0.0765 0.0236

Peak torque (N m) 35.645 ± 7.566 0.0003 34.717 ± 11.029 0.0082 0.9452

Lean Body Mass Index (kg/m2) 1.107 ± 0.431 0.0468 1.323 ± 0.873 0.2808 0.8259

Values are expressed as mean ± SED. COMBEX (community-based exercise program), SOC (standard of care). P-values are Hommel 
adjusted.
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