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Purpose: To examine the effect of inpatient rehabilitation therapy on range of motion, hand

function and balance in the burn population.

Methods: This study utilizes a prospective longitudinal design. Inclusion criteria are adults

admitted to a regional inpatient rehabilitation hospital with a primary diagnosis of burn

injury. Demographic and medical data are collected. Primary outcomes include range of

motion at four joints (shoulder, elbow, hip, knee), hand function (Jebsen Taylor Hand Test)

and balance (Berg Balance Scale). Outcomes are measured at admission and discharge.

Students’ t-test is used to determine significant differences in outcomes from admission to

discharge.

Results: Eleven subjects meet inclusion criteria. The mean age is 50 years, rehabilitation

length of stay is 35 days and total body surface area burned is 41%. Subjects demonstrate

significant improvements in range of motion, hand function and balance from admission to

discharge ( p < 0.05).

Conclusions: Specific functional measures, range of motion, hand function and balance,

demonstrate significant improvement during inpatient rehabilitation. Future work is need-

ed to investigate other functional benefits of rehabilitation and to compare the impact of

inpatient rehabilitation to other therapeutic interventions.
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1. Introduction

Advances in acute burn care have improved survival rates

after severe burns [1]. As a result, the role of rehabilitation has

become increasingly important [1–3]. Severe burn survivors

often undergo a prolonged course of rehabilitation that begins

at the acute care hospital, transitions to an inpatient

rehabilitation facility and is completed as an outpatient [2].

The effectiveness of inpatient rehabilitation on burn-specific
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functional outcomes is not well documented in the literature.

Inpatient rehabilitation improves burn survivors’ overall

function evidenced by improvement in global functional

scales such as the FIMTM [1,4]. The FIM consists of 18 items

assessing six areas of function that spans motor and cognitive

domains. The FIM is a global functional instrument and is not

standardized in the burn population [5]. While used in a

variety of rehabilitation settings and diagnoses, it does not

take into account functional limitations specific to burn
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Table 1 – Range of motion severity ratings by joint muscle
action.

Joint Muscle action Severity rating

Mild Moderate Severe

Shoulder Flexion 120 to 180 60 to 119 <60

Abduction 120 to 180 60 to 119 <60

Elbow Flexion 93 to 140 46 to 92 <46

Extension �140 to �93 �46 to �92 >�46

Hip Flexion 67 to 100 34 to 66 <34

Abduction 26 to 40 13 to 25 <13

Knee Flexion 100 to 150 50 to 99 <50

Extension �150 to �100 �99 to �50 >�50
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injuries, including hypertrophic scarring, contractures, body

image and fine motor hand function [6]. The FIM is then often

not used alone in its entirety to capture recovery of more

specific impairments. Important burn-related impairments

include joint contractures, hand function and balance [2,7,8].

Contractures are one of the most common impairments

following burn injury [9]. Contractures at the large joints

(shoulder, elbow, hip and knee) impair functional mobility and

activities of daily living (ADL). Schneider found that 38% of

burn survivors in an acute care setting developed at least one

contracture at discharge [7]. Investigators have studied

various treatment approaches for contracture prevention

[10–13], including splinting, serial casting [12,14–23], range

of motion exercise [18,24] and surgical correction [25–34].

However there is limited data regarding functional outcomes

following inpatient rehabilitation treatment of contractures at

the large joints. These techniques and modalities are often

used together to treat contractures.

One of the most common areas of the body burned is the

hand [35]. Hand burns impair strength, range of motion, fine

motor function, and ADLs [8,36,37]. Treatment approaches

include splinting as well as strengthening and range of motion

exercises. Investigators have studied the effects of surgical

techniques on hand function relating to burns using the

Jebsen Hand Function Test [38]. The Jebsen Hand Function

Test assesses performance of tasks resembling ADL in

populations ranging from healthy adults to those with disease

states affecting hand function including rheumatoid arthritis

and strokes [39–41]. It is a valid and reliable instrument, and

normative data are available for age and gender [42,43].

Because of the complex nature of tasks performed by the

hand, the Jebsen Hand Function Test can better reflect true

functional status of the hands rather than range of motion.

The effect of inpatient rehabilitation on hand function has not

been assessed in the literature.

In the authors’ experience, burn survivors demonstrate

impaired balance in rehabilitation. Balance is a function of

multiple factors including tactile sensation, proprioception,

muscle strength, joint mobility and cognition. All of these

factors are potentially affected in severe burn injury. Com-

plications of severe burn injuries including prolonged hospi-

talization, poor nutrition, pain and neuropathies can further

worsen balance. Impaired balance retards functional mobility,

safety and ultimately independence. The Berg Balance Scale

measures balance by assessing performance of functional

tasks [44]. The scale is used in a wide range of populations

including the elderly, stroke and Parkinson’s patients and has

excellent correlation with the Barthel Index, FIM, and gait

speed [45–48]. There is no literature examining the effect of

inpatient rehabilitation on balance in burn injury.

The purpose of this study is to examine the effect of

inpatient rehabilitation therapy on range of motion, hand

function and balance in the burn population.

2. Methods

This study utilizes a prospective longitudinal design. Criteria

for inclusion are admission to a regional inpatient rehabilita-

tion hospital with a primary diagnosis of burn injury and age of
18 years or older. Subjects with more than one inpatient

rehabilitation admission, not transferred for surgical contrac-

ture release and with more than 40 days between read-

missions, were treated as separate rehabilitation stays for

analysis purposes.

All subjects received standard of care inpatient rehabilita-

tion. Rehabilitation therapy treatments are performed by

physical and occupational therapists 3 h daily, 5 days per

week. Interventions are tailored to each patient’s individual-

ized functional goals and include scar massage, range of

motion, strengthening, functional mobility, gait training,

balance activities, fine motor activities, splinting, compression

garment treatment and ADL.

Demographic (age, gender and race) and medical data (burn

etiology, percent total body surface area burned (TBSA),

rehabilitation length of stay, inhalation injury and number

of major joint contractures) are collected on all subjects.

Primary outcomes include range of motion, hand function and

balance. Outcomes are measured at admission and discharge.

Range of motion data is collected at four joints, the

shoulder, elbow, hip and knee. The specified joints are

examined bilaterally for a total of eight joints studied per

subject. Passive range of motion at each joint is measured

using a goniometer with a standardized technique [49]. At

each joint specific muscle actions (i.e. flexion/extension) are

investigated. Flexion and extension are measured at the elbow

and knee. Flexion and abduction are measured at the shoulder

and hip. The most restricted muscle action at a given joint is

assigned a contracture severity rating. Ratings are determined

by dividing the normal range of motion value equally in thirds

(mild, moderate, severe) (Table 1). Only joints affected by the

burn injury are included in the analysis. Joints with normal

range of motion on admission are excluded from analysis. In

addition, joints without range of motion data recorded are

treated as normal and are also excluded from analysis.

Hand function is measured using the Jebsen Hand Function

Test (JHFT. It is a seven-item timed evaluation of fine-motor,

weighted and non-weighted hand functions related to ADL.

The JHFT incorporates functional tasks such as writing,

manipulation of various small objects, handling of weighted

and non-weighted objects, and simulated feeding. Tasks are

measured with a stopwatch. Results are recorded as time for

completion. Data is grouped by dominant and non-dominant

hand. Times are compared with normative data by age [42,43].

Admission JHFT was obtained for all subjects. For those with
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abnormal admission test, a discharge JHFT is performed as

well.

Balance is measured using the Berg Balance Scale, a 14-

item battery of tasks related to ADLs. Each task is scored from

zero to four, with zero the lowest and four the highest

functional level. A composite score of 0–20 is categorized as a

high fall risk, 21–40 as a medium fall risk, and 41–56 as a low

fall risk [44,50,51]. Subjects with missing or incomplete Berg

Balance Scale assessments were excluded from analysis.

2.1. Analysis

For each joint, the contracture severity ratings were converted

to a numerical score (normal = 0; mild = 1; moderate = 2;

severe = 3). The number and severity of contractures at each

of the studied joints on admission and discharge are tabulated.

The numerical contracture rating was matched by subject and

compared on admission and discharge for each joint.

Improvement across severity ratings were compared from

admission to discharge and analyzed graphically and statisti-

cally.

Student’s t-test was used to assess for significant differ-

ences in mean contracture severity ratings for each of the

eight joints, Jebsen hand scores and Berg Balance Scale scores

between admission and discharge. Chi-squared analysis is

used to determine significant differences in Berg balance

severity ratings between admission and discharge. A p-value

of 0.05 was used for statistical significance.

3. Results

Eleven subjects meet inclusion criteria. Two of these subjects

had two separate admissions and data for each admission is

included. These two patients were transferred to acute care

because of acute medical issue that necessitated acute

hospital level of care. One patient was transferred for

bacteremia and colitis, and the other for grafting of a non-

healing donor site.

Demographic information is shown in Table 2. The mean

age is 52 years, with a median of 49 years (interquartile range:

43, 63), and 45% of the population is male. The mean total body

surface area burned is 41%, with a median of 28% (20%, 70%).

Twenty-seven percent of subjects experienced inhalation

injury. The mean length of inpatient rehabilitation stay is

26 days with a median of 16 days (15, 29). The mean number of

affected joints on admission per subject is 4.

A flow chart details the total number of joints studied

(Fig. 1). Joints unaffected by the burn injury were excluded
Table 2 – Demographics and medical characteristics.

Category Value

Age, mean years 52

Gender, percent male 45

Length of inpatient rehabilitation stay, mean days 26

Total body surface area burned, mean percent 41

Inhalation injury, percent 27

Average number of joints affected 4
from the study (n = 43). Joints without any data recorded on

admission were treated as unaffected joints and also excluded

from analysis (n = 8). A total of 53 joints were studied. All

patients demonstrated impaired range of motion in at least

two joints. (Fig. 2) All joints had significant improvement in

range of motion from admission to discharge ( p < 0.05). Table

3 shows the change in contracture severity ratings from

admission to discharge for each joint. Lower extremity joints

had a greater improvement in contracture severity rating (0.85,

1.00) than upper extremity joints (0.75, 0.58). In addition, 28

joints improved by one severity level and seven joints

improved by two severity levels from admission to discharge.

No joints worsened from admission to discharge. Eighteen

joints did not show any change from admission to discharge (6

shoulders, 5 elbows, 4 knees, 3 hips) (Fig. 3).

Admission Jebsen Hand Function Test was abnormal in six

patients. All subjects with normal admission Jebsen Hand

Function Test exhibited no upper extremity burns. Mean

Jebsen Hand Function Test times improved by 42% in the

dominant hand and 33% in the non-dominant hand from

admission to discharge, both of which are significant

differences ( p < 0.05). There was an improvement in mean

time of 37 s for both dominant and non-dominant hands

between admission and discharge. Results at discharge were

slower than normative times for healthy adults (Table 4).

Berg Balance Scores were obtained for nine of the patients.

All subjects showed increased Berg Balance scores from

admission to discharge. The mean score improved from a

medium fall risk (26.1) on admission to a low fall risk (43.3) on

discharge (Table 4). The distribution of fall risk categorization

improves from admission to discharge, with the majority of

patients in low and moderate risk categories on discharge

compared to moderate and high risk categories on admission

(Fig. 4). Chi-square analysis of fall risk categorization showed a

chi-square value of 28.1 with a p-value <0.001.

4. Discussion

This pilot study is the first examination in the literature of the

effect of inpatient rehabilitation on burn-specific functional

outcomes, including balance, range of motion and hand

function. These outcomes are concepts that patients, families,

caregivers and payers alike can understand. Evaluating these

three outcomes elucidates specific functional impairments

and enables a richer understanding of global functional

measures previously reported in the literature [1,4,6]. The

findings of this study demonstrate significant improvement in

joint contractures, hand function and balance with inpatient

rehabilitation.

Joint contractures following burn injuries remain a major

cause of functional impairment. Leblebici found joint con-

tractures impacts a burn patient’s physical functioning, bodily

pain and vitality [9]. Most contractures are theoretically

preventable, and significant effort is made during the acute

hospitalization and inpatient rehabilitation period to improve

or prevent them. Patients involved in this study had multiple

joint contractures on admission and demonstrated statisti-

cally and clinically significant improvements in range of

motion during inpatient rehabilitation. There is a lack of



Fig. 1 – Flow chart of joint range of motion data inclusion methodology.
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literature on the impact of inpatient rehabilitation on burn

contractures, as this pilot study provides the first evidence of

its effectiveness. In the surgical literature, Kraemer found that

surgical intervention on joint contractures resulted in 88% of

joints improved to normal or functional level, and 12%

resulted in unsatisfactory outcomes [52]. In comparison, this

study examined a conservative treatment approach to con-
tractures and showed that 35–55 (64%) improved and no joints

worsened their contracture severity rating.

The management of contractures includes both rehabilita-

tion and surgical interventions. These methods are used in a

complementary fashion depending on the clinical course of

the patient’s contracture. Severe contractures often ultimately

benefit from surgical intervention, but rehabilitation efforts



Fig. 2 – Distribution of joints affected.
Fig. 3 – Contracture improvement by joints.
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such as stretching exercise, casting and splinting are often

utilized prior to and in conjunction with surgical manage-

ment. In such conditions where surgical and rehabilitation

techniques are used together, it is difficult to discern the

independent impact of rehabilitation on contracture manage-

ment. This study examines the impact of inpatient rehabilita-

tion where subjects were treated solely with rehabilitation and

not surgical interventions. Therefore we are able to discern the

independent impact of rehabilitation on contractures.

There have been limited studies that provide longitudinal

assessment of hand function after burn injury, and most do

not provide functional outcome information. The Jebsen Hand

Test uses simulated ADL to assess hand function, and has

been used in other studies to assess functional outcomes after

hand burns [36,37,42]. Holavanahalli found ADL and work

performance correlated with objective measurements of the

Jebsen Hand Test [37]. This study found that at inpatient

rehabilitation discharge, patients’ Jebsen Hand Test scores

were below the normative data, but demonstrated significant

improvements from admission. Studies of deep full-thickness

hand burns showed scores below norms but, in spite of these

scores, almost half of all patients are fully independent in ADL

and able to work [37]. The Jebsen Hand Test assesses fine
Table 3 – Joint contracture severity ratings on admission and 

Joint n Mean Admission
Contracture Score

M
C

Shoulder 16 1.81 

Elbow 12 1.42 

Knee 13 2.00 

Hip 12 1.92 

Table 4 – Jebsen hand function times and Berg balance scores 

n Mean
admission data

Mea
discharge

Jebsen Hand Function Times

Dominant hand, seconds 6 89 52 

Non-dominant hand, seconds 6 112 74 

Berg Balance Scores 9 26 43 
motor tasks and therefore may not well represent ADL’s and

other gross motor tasks. The improvement in Jebsen Hand

Test scores represents gains in fine motor hand function. Fine

motor function may be more important for select patients

depending on their specific occupational requirements.

Similar to the other two outcomes in this study, the Berg

Balance Scale has not been widely studied in the burn

population as a measure of functional outcome. In other

populations such as stroke, the Berg Balance Scales is

predictive of clinical and functional outcomes such as length

of stay, discharge destination, motor ability and disability level

[48]. Given the lack of a burn specific balance scale, the Berg

Balance Scale was then used. In this study, patients

demonstrated increases in both raw Berg Balance Scores

(mean: 17 points) as well as fall risk categories. Studies have

found that a change of eight points on the Berg Balance Score

correlate to a meaningful clinical change [53]. These findings

suggest an overall functional improvement in balance with

inpatient rehabilitation. It is beyond the scope of this study to

delineate the multifactorial etiology of the balance im-

pairment of each subject. However, further studies are needed

to address the validity of using the Berg Balance Scale as a

predictor of other functional outcomes in the burn population.
discharge.

ean Discharge
ontracture Score

Improvement
mean

p-Score

1.06 0.75 0.001

0.83 0.58 0.002

1.15 0.85 0.001

0.92 1.00 0.001

admission and discharge results.

n
 data

Mean value
changes

Normative
value

p-Value

37 37.8 0.037

38 60.2 0.009

17 High Risk of Falls 0–20 0.003

Medium Risk of Falls 21–40

Low Risk of Falls 41–56



Fig. 4 – Berg Balance Risk Assessment on Admission and

Discharge. *Low Risk denotes a score between 0 and 20,

moderate risk 21 and 40, and high risk 41 and 56.
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This study used objective measures of specific functional

domains that provide a more detailed assessment of func-

tional outcome, whereas previous literature on long-term

outcomes after burn injuries, such as contractures, has largely

focused on surgical techniques for correction of scar con-

tractures and use range of motion as an outcome measure

[26,27,32]. Given the significant improvement in contractures,

hand function and balance with inpatient rehabilitation, this

study provides evidence for the use of inpatient rehabilitation

as a first line non-invasive treatment for patients with

significant functional impairments from burns. Future studies

would further our understanding of inpatient rehabilitation by

utilizing a larger sample size and examining predictors of

functional outcomes. Comparison of surgical and inpatient

rehabilitation interventions for contractures also deserves

further investigation.
A limitation of this study is its small sample size. However,

this is reflected in the reduction of burn injuries in developed

countries. Recent incidence reports show burn injuries to have a

global incidence of 1.1 per 100,000 population, however that

drops to 0.19 per 100,000 population in the Americas, and burn

injuries requiring medical attention follow similar trends [54]. A

longer recruitment period or multi-center trial may be needed in

the future to increase sample size. A larger sample size would

enable a multivariate analysis that could control for demo-

graphic and medical variables. Also, this study lacks a

standardized therapy and control group. Standardization of

inpatient rehabilitation is difficult, as no two burn injuries are

identical and rehabilitation programs are individualized to treat

each patient’s specific impairments. This study only addresses

functional outcomes in inpatient rehabilitation and does not

address outcomes related to other rehabilitation settings, such

as acute care, skilled nursing facilities or outpatient therapy.

Given the lack of literature on functional outcomes in any of

these other rehabilitation settings, future studies may compare

the relative efficacy of rehabilitation outcomes across different

settings. The findings of this study are limited to the outcome

measures used and the conclusions that can be drawn from

these measures. For example, hand function is complex and the

Jebsen Taylor Hand Test measures speed of hand tasks and may

not correlate with other aspects of upper extremity function [55].

Future study may examine the impact of burn specific function

on global functional outcomes and psychosocial outcomes.

As policy makers and payers are increasingly focused on

the cost effectiveness of healthcare, they will likely place a

greater emphasis on outcomes when determining resource

allocation. Outcome measures such as range of motion, hand

function and balance are functionally important indicators of

the efficacy of inpatient rehabilitation following burn injury.

This prospective pilot study demonstrates significant

improvements in all three functional domains during inpa-

tient rehabilitation. This data underscores the value of

intensive rehabilitation therapy as a first-line approach to

the treatment of burn impairments.
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