Contractures in Burn Injury: Defining the Problem
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This study prospectively examined the incidence and severity of large joint contractures after
burn injury and determined predictors of contracture development. Data were collected prospectively from 1993 to 2002 for consecutive adult burn survivors admitted to a regional burn
center. Demographic and medical data were collected on each subject. The primary outcome
measures included the presence of contractures, number of contractures per patient, and severity
of contractures at each of four joints (shoulder, elbow, hip, knee) at time of hospital discharge.
Logistic regression analysis was performed to determine predictors of the presence and severity
of contractures and a negative binomial regression was performed to determine predictors of
the number of contractures. Of the 985 study patients, 381 (38.7%) developed at least one contracture at hospital discharge. Among those with at least one contracture, the mean is three contractures per person. The shoulder was the most frequently contracted joint (38%), followed
by the elbow (34%) and knee (22%). Most contractures were mild (60%) or moderate (32%)
in severity. Statistically significant predictors of contracture development were length of
stay (P < .005) and extent of burn (P ! .033) and graft (P < .005). Predictors of the severity of contracture include graft size (P < .005), amputation (P ! .034), and inhalation
injury (P ! .036). More than one third of the patients with a major burn injury developed
a contracture at hospital discharge, which highlights the importance of therapeutic positioning and intensive therapy intervention during acute hospitalization. Furthermore, this
challenges the burn care community to find new and better ways of preventing contractures
after burn injury. (J Burn Care Res 2006;27:508–514)

Contractures from burn injury were first documented in
Ebers’ Papyrus in 1500 BC, describing the use of copper splints to treat burns.1 Contractures are defined as
an inability to perform full range of motion of a joint.2
They result from a combination of possible factors—
limb positioning, duration of immobilization and muscle, soft tissue, and bony pathology. Individuals with
burn injuries are at risk for developing contractures. Patients with burns often are immobilized, both globally,
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as a result of critical illness in the severely burned, and
focally, as a result of the burn itself because of pain,
splinting, and positioning. Burns, by definition, damage
the skin and also may involve damage to the underlying
soft tissue, muscle, and bone. All of these factors contribute to contracture formation in burn injury.
Contractures place patients at risk for additional
medical problems and functional deficits. Contractures interfere with skin and graft healing. Functionally, contractures of the lower extremities interfere
with transfers, seating, and ambulation. Contractures
of the upper extremities may affect activities of daily
living, such as grooming, dressing, eating, and bathing, as well as fine motor tasks.3,4
As burn survival rates have increased significantly in
the past few decades,5 attention is shifting to issues of
morbidity and function. Clinicians devote significant
time and energy to preventing and treating contractures. Investigators have examined contracture prevention6 –9 and treatment options, including splinting,8,10 –19 serial casting,14,20 –23 ultrasound,24 silicon
gel,25,26 iontophoresis,27 exercise,14,28 and surgical correction.29 –38
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Despite serious clinical and academic interest in
burn contractures, little is known of the scope of the
problem. Dobbs and Curreri39 retrospectively reviewed 681 patients who received physical therapy for
burn injury and found that 28% developed contractures. The hand, elbow, and shoulder were the most
frequently affected joints. TBSA and burn depth were
associated with the development of contractures. A
retrospective review of burn contractures by Kraemer
found that 3.7% of burn patients underwent surgical
contracture release. The hand and axilla were the
most frequently affected joints, and wound size was
directly related to the number of contractures.40 In
another retrospective chart review of 52 burn patients
with contractures, Richard found elbow flexion
(21%), ankle plantarflexion (19%), and shoulder extension/adduction (17%) contractures were most
common.14 In a published abstract, Kowalske et al41
reported contractures in 42% of 1749 adult burn patients with American Burn Association criteria for
major burn injury at time of discharge. The shoulder,
elbow and hand were most commonly affected. In
addition, flame burns and larger burns had a higher
incidence of contracture.
There exists no published prospective study on the
incidence and severity of contractures in burn injury.
Therefore, the main purpose of this study was to determine the incidence of contractures in burn patients
at discharge from the acute-care hospital and to describe the most frequently contracted joints. A secondary purpose was to determine predictors of the
presence, number and severity of contractures.

METHODS
Data were collected prospectively from 1993 to 2002
for consecutive burn patients admitted to a regional
burn center. Inclusion criteria are major burn injury
as defined by American Burn Association guidelines42
and age older than or equal to 18 years. All study
subjects signed an informed consent to participate in
the study. Those with pre-existing physical disability
were excluded. The primary outcome measures included the presence and severity of contracture and
number of contractures per patient (detailed herein).
Demographic (age, sex, and ethnicity) and medical
data were collected. Medical data included length of
hospital stay, length of intensive care unit stay, presence of concomitant medical problems (defined as
medical problems that might alter the course of recovery from the burn, eg, diabetes, chronic obstructive pulmonary disease, heart disease, asthma), burn
etiology, inhalation injury, neuropathy, heterotopic
ossification, amputation as the result of the burn in-

Schneider et al

509

jury, and TBSA burned and grafted (recorded as
whole number percentile and by quintile).
The joints of interest included the shoulder, elbow,
hip, and knee. At the time of discharge from the hospital, the specified joints were examined bilaterally for
a total of eight studied joints per subject. The subjects’ active range of motion at each joint was measured using a goniometer and inclinometer with a
standardized technique.43 Multiple planes of motion
(ie, flexion/extension) were investigated at each joint.
The specific methodology for range of motion measurements at each joint is detailed in the Model System for
Burn Injury Rehabilitation National Database Data
Dictionary.44 Joint muscle action in each plane is assigned a normal range of motion based on physical examination conventions.43,45 Each impaired joint muscle
action is assigned a severity rating. Such ratings are determined by dividing the normal range of motion value
equally in thirds (mild, moderate, and severe; Table 1).
For the purposes of analysis, a limitation in the
range of motion in at least one plane of motion at a
specified joint was considered to be a contracture at
that joint. Furthermore, if more than one muscle action was limited at a joint, the severity of the worst
muscle action at that joint was considered to represent the severity of contracture at that joint.
Analogous data were collected for the joints of the
hand, ankle, neck, trunk, as well as the presence of
eyelid and nasolabial contractures and microstomia.
These data will be discussed separately in a subsequent report.

Statistical Analysis
The frequency and severity of contractures at each
joint and number of contractures per patient at hospital discharge were calculated. Logistic regression
analysis was used to determine predictors of the presence and severity of contractures and a negative binomial regression was used to determine predictors of
the number of contractures. Negative binomial regression was used because the variance assumption
underlying Poisson regression was violated. The negative binomial regression model adjusts for the overdispersion. The potential predictors were the demographic and medical data (as detailed previously).
Violations of statistical assumptions and goodness of
fit were analyzed.

RESULTS
During the study period, 1090 patients met inclusion
criteria. A pre-existing physical disability was documented in 105 patients, resulting in 985 study pa-
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Table 1. Range of motion severity ratings by joint muscle action
Contracture Severity
Joint

Muscle Action

Shoulder

Elbow

Hip

Knee

Mild

Moderate

Severe

120–180

60–119

"60

Extension

32–50

16–31

"16

Abduction

120–180

60–119

"60

Adduction

32–50

16–31

"16

Flexion

93–140

46–92

"46

Flexion

Extension

#140–93

#46–92

$#46

Pronation

53–80

26–52

"26

Supination

53–80

26–52

"26

Flexion

67–100

34–66

"34

Extension

20–30

10–19

"10

Abduction

26–40

13–25

"13

Adduction

13–20

7–12

"7

100–150

50–99

"50

#150–100

#99–50

$–50

Flexion
Extension

Table 2. Demographic and medical characteristics of the
study population
Total number of study patients

985

Male, percent

78.1

Age at injury, mean (SD) years

42.5 (17.1)

Ethnicity, percent
Caucasian

60.3

Black

20.4

Hispanic

16.6

Other
Length of stay, mean (SD) days
Inhalation injury, percent
Percent TBSA burned, mean (SD)

2.7
21.7 (22.9)
12.5
25.1 (19.7)

Etiology, percent
Fire/flame

60.7

Electricity

8.8

Flash

8.1

Scald

6.5

Grease

5.5

Other

10.4

tients. The demographic and medical data of the
study population are presented in Table 2.
The frequency and severity of limitations by joint
muscle action is presented in Table 3.
Shoulder flexion (n ! 336) and abduction (n !
329), knee flexion (n ! 209), and elbow flexion (n !
206) were the most frequent contractures. Using the
methodology described previously, contracture fre-

quency and severity at each joint was tabulated and is
presented in Table 4. The shoulder (38%) was the
most frequently contracted joint, followed by the elbow (34%), knee (22%), and hip (5%). Most contractures were mild (60%) or moderate (32%) in severity.
Among the study population, 381 patients (39%)
demonstrated at least one contracture at hospital discharge. In total, 953 joints were contracted resulting
in an average of three contractures per person (among
those with at least one contracture). The mode is
two joint contractures per patient (frequency, 136).
These analyses apply only to those joints detailed in
this report (shoulder, elbow, hip, and knee). The frequency of contractures is detailed in Table 5.
Statistically significant predictors of contracture development are length of stay (p " .005), TBSA grafted
(P " .005), and TBSA burned (P ! .033; Table 6).
Predictors of the severity of contracture include TBSA
grafted (P " .005), amputation (P ! .034), and inhalation injury (P ! .036; Table 7). The number of contractures is associated with length of stay (P " .005),
TBSA grafted (P " .005), and TBSA burned (P ! .004;
Table 8). There was no violations of statistical assumptions or goodness of fit for these analyses.

DISCUSSION
Contractures are a common problem (39%) after a
major burn injury. A significant number of contractures occurred despite receiving treatment at a major
burn center that provides specialized occupational
and physical therapy services for all burn patients.
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Table 3. Severity and frequency of range of motion limitation by joint muscle action
Severity
Joint
Shoulder

Muscle Action
Flexion

Hip

Knee

Moderate

Severe

Total

196

126

14

336

Extension

16

6

1

23

Abduction

179

137

13

329

Adduction
Elbow

Mild

4

0

0

4

Flexion

177

24

5

206

Extension

160

20

0

180

Pronation

43

8

13

64

Supination

88

33

26

147

Flexion

28

6

0

34

Extension

4

6

10

20

Abduction

3

5

0

8

Adduction

2

2

2

6

125

77

7

209

Flexion
Extension

Total (%)

25

0

1050 (66)

0

450 (28)

91 (6)

25
1591

Table 4. Contracture severity and frequency by joint
Contracture Severity
Joint

Mild

Moderate

Shoulder

197

147

21

365 (38)

Elbow

224

66

34

324 (34)

Hip

24

16

12

52 (5)

Knee

128

77

7

212 (22)

573 (60)

306 (32)

74 (8)

953

Total (%)

Table 5. Contracture frequency
Patients with at least one contracture
Total number of contractures
Average number of contractures per person

381 (N ! 985)
953
3

Patients with one contracture

98

Patients with two contractures

136

Patients with three contractures

39

Patients with four contractures

92

Patients with more than four contractures

16

There are multiple reasons why burn survivors develop contractures despite receiving specialized care
at a burn center. Regional burn centers act as referral
centers for the sickest and most severely injured burn
patients. With this in mind, our data suggest that the
patient’s general medical condition correlates with

Severe

Total (%)

one’s risk of developing contractures. Those patients
with longer length of stays, higher TBSA, and inhalation injury confer a greater risk of contracture development. In addition, our data demonstrate that
those with amputations are at risk for developing
more severe contractures. This evidence is not surprising given that amputees are at risk for developing
contractures independent of the presence of burn injury.46 Also, burn injuries that cross a major joint
likely result in a greater risk of contracture development at that joint. The timing of surgical interventions and postoperative healing may result in a period
of mandatory immobilization that puts patients at risk
for contracture development. Additional contributing factors include patients who do not cooperate
with therapy and positioning interventions and those
who refuse therapy treatment altogether.
Given the frequency of contractures and having
considered the multiple factors contributing to con-
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Table 6. Logistic regression analysis of predictors of the presence of contractures
Variable

Odds Ratio

SE

Z

P Value

95% Confidence Interval

Age

0.988

0.005

#2.37

.018

0.978–0.997

Sex

0.692

0.133

#1.92

.055

0.474–1.008

Length of stay

1.044

0.011

3.84

.000

1.021–1.067

Inhalation injury

0.581

0.148

#2.14

.033

0.353–0.956

Medical problem

1.344

0.221

1.80

.072

0.974–1.855

TBSA burn

1.031

0.015

2.13

.033

1.002–1.060

TBSA graft

1.070

0.012

6.05

.000

1.047–1.094

Table 7. Logistic regression analysis of predictors of the severity of contractures
Variable

Odds Ratio

SE

Z

P Value

95% Confidence Interval

Sex

0.603

0.160

#1.90

0.057

0.0359–1.015

Inhalation injury

1.893

0.577

2.10

0.036

1.042–3.440

Medical problem

1.429

0.292

1.74

0.081

0.957–2.134

Amputation

2.480

1.060

2.13

0.034

1.073–5.731

TBSA graft

1.046

0.010

4.80

0.000

1.027–1.066

Table 8. Negative binomial regression of predictors of the number of contractures
Variable

Incidence Rate Ratio

SE

Z

P Value

95% Confidence Interval

Gender

0.777

0.099

#1.99

0.047

0.606–0.996

Inhalation injury

0.732

0.116

#1.97

0.049

0.537–0.999

Medical problem

1.205

0.132

1.71

0.088

0.973–1.493

TBSA burn

1.027

0.010

2.84

0.004

1.008–1.046

TBSA graft

1.036

0.007

5.41

0.000

1.023–1.050

Age

0.991

0.003

#2.69

0.007

0.984–0.997

Length of stay

1.036

0.007

4.95

0.000

1.021–1.051

tracture development, this study underscores the importance of positioning and intensive therapy intervention in hospitalized burn patients. Furthermore,
this presents a challenge to the burn treatment team
to find new and better ways of preventing contractures.
Despite the frequency of contractures, very few
contractures were severe (8%). This rate may be
viewed as a success of therapy and positioning efforts.
Also, one should consider that the subjects in this
study were only followed for the duration of their
acute hospitalization (mean length of stay, 22 days).
Therefore, the natural history of contracture development beyond this time period is not addressed in
this study.
Most moderate severity contractures, which are defined as a limitation in the range of motion in the
middle third of the range, are clinically significant.

For example, a contracture at the shoulder (the most
commonly affected joint) with a range of motion of
90° (in the middle of the moderate severity range) is
associated with significant functional limitations.
Such contractures limit overhead activities involved in
grooming, bathing, dressing and occupational tasks.
Although the severity ratings are logical and useful for
statistical analysis, clinical perspective is needed to
draw meaningful practical insights from the data. Of
note, this study does not examine measures of quality
of life or functional outcome, which is a limitation of
this study. Future research may examine the affect of
contracture severity on quality of life and function.
Armed with data from this report, clinicians can
identify burn survivors at risk for developing contractures. Those with extended hospital stays and large
burns are at risk for developing contractures. Additionally, the extent of burn injury, amputation and
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inhalation injury are predictors of contracture severity. An ability to identify early those at highest risk for
contracture development will enable clinicians to focus preventative efforts on those most in need. In
such patients, vigilant positioning and aggressive
therapy is warranted. In addition, future experimental
interventions aimed at preventing contractures
should target this high risk subpopulation.
Contractures have a disproportionate affect on the
upper extremities, with the shoulder and elbow comprising the vast majority of contractures (72%). This
evidence has implications for how we think about the
impact of contractures on patients’ function. Activities of daily living, instrumental activities of daily living, and occupational tasks are more affected with
upper-extremity impairments, thereby reinforcing
the need for outpatient therapy after burn injury. Future studies may investigate the efficacy of outpatient
physical and occupational therapy in treating upperextremity contractures. Investigators also may examine the correlation between contractures and return
to work outcomes. In contrast, less frequent lower
extremity contractures translates into fewer mobility
issues after hospitalization. A knowledge of affected
joint frequency helps in planning resource allocation
for the treatment of hospitalized burn patients and
forecasting outpatient needs of burn survivors as it
applies to contracture management. Likewise, such
information is useful to insurance companies, enabling them to better plan for costs related to future
therapy and surgical care related to contracture management.
A careful understanding of the methodology enables one to extract the most meaning out of the data.
This study treats limitations in multiple planes of motion at one joint as one contracture at that joint (Tables 3 and 4). This method of calculation was chosen
to present the data in a clinically relevant manner.
One should keep in mind that this methodology effectively compresses the data by potentially representing limitations in multiple planes of motion at one
joint as one contracture. Additionally, a joint with
limitations in multiple planes motion was assigned a
contracture severity of the most severe limitation.
Again, this method was chosen as the most useful
clinical representation of the data. For example, if a
shoulder exhibits mild limitations in flexion, extension and adduction but a severe limitation in abduction, the joint is assigned a severe contracture rating and likewise is considered clinically severe by
the authors.
Tables 6 and 7 summarize results of logistic regression analyses, whereas Table 8 presents results of a
negative binomial regression. The main column of
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interest for Tables 6 and 7 is headed “odds ratio.” An
odds ratio of 1 is a null value, meaning that the predictor has no effect on the outcome of interest. An
odds ratio greater or less than 1 is associated with an
increase or decrease, respectively, in the odds of the
outcome of interest. To compare odds ratios greater
than 1 to odds ratios less than 1, we need to compare
one value with its multiplicative inverse; thus, an odds
ratio of 0.5 is the same size effect as an odds ratio of 2.
For example, in Table 6 the odds ratio associated with
having an inhalation injury is 0.58, meaning that the
odds of having a contracture decrease by 42% (! 1 #
0.58) for those who have an inhalation injury compared with those who don’t have an inhalation injury.
As another example, the odds ratio associated with
having a medical problem is 1.344, meaning that the
odds of having a contracture are 34% higher for those
with a medical problem than for those without a medical problem. The incidence rate ratio in Table 8 is
interpreted in a similar manner; however, because this
regression has number of contractures as the output,
the ratio applies to the chances of developing an additional contracture. For example, the coefficient for
“medical problem” is 1.2, meaning that the presence
of a medical problem increases the rate of contracture
by 20% compared to someone who does not have a
medical problem.

CONCLUSION
Despite being at a major burn center with integrated
therapy services, more than one third of patients with
a major burn injury exhibited a contracture at hospital
discharge. Those with more extensive burns, amputations and inhalation injuries are more likely to develop severe contractures. The frequency and severity
of contractures highlights the need and importance of
physical and occupational therapy services during the
acute hospitalization and in the outpatient clinic. Informed with a more detailed understanding of contracture development, clinicians are better able to
identify those at highest risk for contracture development and managers are better able to provide appropriate therapy staffing for burn centers and outpatient
clinics. Furthermore, this challenges the burn care
community to find new and better ways of preventing
contractures after burn injury.
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