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Background: Elbow flexion contracture is a well-known complication of brachial plexus birth palsy that adversely affects
upper-extremity function. The prevalence, risk factors, and rate of progression of elbow flexion contracture associated with
brachial plexus birth palsy have not been established, and the effectiveness of nonoperative treatment involving nighttime
splinting or serial casting has not been well studied.

Methods: The medical records of 319 patients with brachial plexus birth palsy who had been seen at our institution
between 1992 and 2009 were retrospectively reviewed to identify patients with an elbow flexion contracture (=10°). The
chi-square test for trend and the Kaplan-Meier estimator were used to evaluate risk factors for contracture, including age,
sex, and the extent of brachial plexus involvement. Longitudinal models were used to estimate the rate of contracture
progression and the effectiveness of nonoperative treatment.

Results: An elbow flexion contracture was present in 48% (152) of the patients with brachial plexus birth palsy. The
median age of onset was 5.1 years (range, 0.25 to 14.8 years). The contracture was >30° in 36% (fifty-four) of these 152
patients and was accompanied by a documented radial head dislocation in 6% (nine). The prevalence of contracture
increased with increasing age (p < 0.001) but was not significantly associated with sex or with the extent of brachial plexus
involvement. The magnitude of the contracture increased by 4.4% per year before treatment (p < 0.01). The magnitude of
the contracture decreased by 31% when casting was performed (p < 0.01) but thereafter increased again at the same rate
of 4.4% per year. The magnitude of the contracture did not improve when splinting was performed but the rate of increase
thereafter decreased to <0.1% per year (p = 0.04).

Conclusions: The prevalence of elbow flexion contracture in children with brachial plexus birth palsy may be greater than
clinicians perceive. The prevalence increased with patient age but was not significantly affected by sex or by the extent of
brachial plexus involvement. Serial casting may initially improve severe contractures, whereas nighttime splinting may
prevent further progression of milder contractures.

Level of Evidence: Therapeutic Level IV. See Instructions for Authors for a complete description of levels of evidence.

per 1000 live births'. Although full recovery has been
reported in up to 92% of cases’, recent studies have re-
ported more modest recovery rates of 66% to 80%’*. Children
whose neurological deficit does not resolve may experience soft-
tissue contractures and osseous deformities that can significantly

impair upper-extremity function and appearance’".

B rachial plexus birth palsy occurs at a rate of 0.38 to 4.6

Most long-term sequelae of brachial plexus birth palsy
have been well studied. The prevalence of shoulder contracture,
glenoid deformity, posterior shoulder dislocation, and forearm
supination contracture have been reported to be 56%, 33%,
9%, and 6.9%, respectively'*"". The prevalence of elbow flexion
contracture, however, has yet to be established, with the
prevalence in previous reports ranging widely from 4.6% to
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ELBOW FLEXION CONTRACTURE IN CHILDREN WITH
BRACHIAL PLEXUS BIRTH PALSY

TABLE | Patient Demographics

Patients with Patients without
All Patients Elbow Flexion Contracture Elbow Flexion Contracture

No. 319 152 167
Age at initial presentation* (yr) 0.8 (0-18) 2.2 (0-18) 0.3 (0-14)
Duration of follow-up* (yr) 3(0-17) 5(0-17) 2 (0-13)
Sex (no. [%])

Male 167 (52) 82 (54) 85 (51)

Female 152 (48) 70 (46) 82 (49)
Affected side (no. [%])

Right 165 (52) 73 (48) 92 (55)

Left 154 (48) 79 (52) 75 (45)
Narakas classification (no. [%])

Group | 154 (48) 67 (44) 87 (52)

Group Il 99 (31) 49 (32) 50 (30)

Group Il 66 (21) 36 (24) 30 (18)

*The values are given as the median, with the range in parentheses.

89.5%"". Furthermore, there has been limited study of the
prevalence of contractures of =230°. The clinical importance of
elbow flexion contracture in a pediatric population has received
limited attention. Morrey et al. reported the functional elbow
range of motion in an adult population to be 30° to 130°, which
suggests that a contracture of >30° in a population of children
with brachial plexus birth palsy may impair their ability to
perform activities of daily living including self-care'.

The management of elbow flexion contracture associated
with brachial plexus birth palsy may involve surgical or non-
operative techniques. Severe contractures may be treated sur-
gically by releasing the soft-tissue structures surrounding the
elbow or by gradually increasing elbow motion with a recently
reported novel technique of gradual closed arthrodiatasis'*.
Nonoperative treatments for elbow flexion contracture asso-
ciated with brachial plexus birth palsy include serial casting and
nighttime splinting, although the indications for these two
nonoperative treatments have not been well established.

A recently published study of nineteen patients indicated
that nonsurgical treatment (serial casting or nighttime splint-
ing) improved elbow motion but that noncompliance with the
splinting regimen significantly impacted long-term mainte-
nance of treatment gains®.

The first aim of the present study was to determine the
prevalence of, rate of progression of, and risk factors associated
with elbow flexion contracture in children with brachial plexus
birth palsy. The second aim was to describe the efficacy of serial
casting and of nighttime splinting for the treatment of the
elbow flexion contracture.

Materials and Methods
he medical records of all 319 children and adolescents with brachial plexus
birth palsy who had been seen at our institution between January 1992 and

May 2009 were retrospectively reviewed to identify patients with an elbow
flexion contracture (=10°). The study protocol was approved by our institu-
tional review board. The median age of the total patient population at the time
of initial presentation to our brachial plexus birth palsy clinic was ten months
(range, one month to eighteen years). Patients with brachial plexus birth palsy
are typically asked to return for follow-up every six months. The patients in our
study population were followed for a median of three years (range, zero to
seventeen years) from the time of initial presentation. The right limb was
affected in 52% of the patients, and 52% were boys. Demographic character-
istics of the study population are shown in Table I.

Information regarding the severity of the neurological injury at the time
of the initial evaluation was reviewed, and the Narakas classification was used to
divide the patients into a C5-6 injury group (group I), a C5-7 injury group
(group II), and a global C5-T1 injury group (group III) (see Appendix)22’23. Of
the 319 patients included in the study, 154 were in group I, ninety-nine were in
group II, and sixty-six were in group III. Occupational therapy documents were
reviewed to collect information regarding elbow range of motion and other
contractures that accompanied an elbow flexion contracture. Range of motion
measurements were made with use of goniometry by the occupational thera-
pist. If occupational therapy documents were unavailable, measurements re-
corded in the pediatric orthopaedic surgeon’s notes were used. The medical
records of the patients with an elbow flexion contracture, except for the thirty-
nine patients who presented with a contracture at the initial visit, were reviewed
to determine the age of onset of the contracture. To account for the potential
bias that would have resulted if patients with a new onset of elbow flexion
contracture were more likely to return to the clinic than patients who did not
develop a contracture, we documented the frequency of follow-up visits be-
tween the initial visit and the onset of the elbow flexion contracture. The
maximum magnitude of the contracture and the presence of other ipsilateral
upper-extremity contractures and radial head dislocation in the patients with
an elbow flexion contracture were also determined.

The prevalence of elbow flexion contracture was calculated for the
entire study population and also for three age groups (zero to four years, five to
eleven years, and twelve to twenty years) of approximately equal size, which
permitted evaluation of contracture in an adolescent subgroup. The prevalence
was also analyzed according to the extent of brachial plexus involvement (i.e., in
Narakas groups I, II, and III). A chi-square test for trend was used to evaluate
whether the prevalence of elbow flexion contracture increased with increasing
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age or with increasing extent of brachial plexus involvement. To estimate the
effect of increasing extent of brachial plexus involvement on the odds of having
an elbow flexion contracture, a logistic regression model was fitted with two
indicator variables specified to estimate the increase in the odds of contracture;
the first variable accounted for the increase in prevalence in patients with a
Narakas group-II lesion compared with a group-I lesion, and the second ac-
counted for the further increase in patients with a group-III lesion compared
with a group-II lesion.

The Kaplan-Meier (product-limit) estimator for censored data was used
to predict the probability of developing an elbow flexion contracture, according
to age and sex”*. A log-rank test was used to evaluate the association between
sex and the probability of developing an elbow flexion contracture.

We followed a standard treatment protocol when patients and parents
requested treatment of an elbow flexion contracture, and this protocol re-
mained uniform throughout the study period. A contracture of <30° was
treated with nighttime splinting with the elbow in maximum extension, usually
with use of a drop-lock hinge that allowed the wearer to adjust the amount of
flexion permitted by the brace. A contracture of >30° was treated with serial
casting with the elbow in increasing extension; the casts were changed weekly or
biweekly until the contracture measured <30°, and the contracture was then
treated with nighttime splinting as described above. An increase of approxi-
mately 10° of extension was achieved per cast change, and two or three cast
changes were usually needed. Two patients with a contracture of >30° declined
to undergo casting and were treated with splinting instead.

Spaghetti plots of the magnitude of the contracture in each patient over
time demonstrated linear trajectories. We fitted longitudinal models to this data
in order to investigate the effects of age, sex, and the extent of brachial plexus
involvement on the initial magnitude of the contracture and in order to sep-
arate these effects from the effects of the same variables on progression of the
contracture over time. The length of time between follow-up visits was ac-
counted for in the estimation of the rate of progression. We added terms to
estimate both the immediate response to initiation of treatment and the effect
of treatment on the subsequent rate of contracture progression during the
follow-up period. We also assessed whether the type of treatment or the extent
of brachial plexus involvement modified the short-term or long-term impact of
treatment. We allowed for differences in the initial magnitude of the contrac-
ture that were not accounted for by known patient characteristics by including a
random effect for the magnitude of the initial contracture. We analyzed the
residuals to assess the fit of linear models that assumed a normal distribution of
the contracture magnitude; this analysis indicated that a logarithmic trans-
formation of the contracture magnitude was necessary because of a skewed
distribution that contained some outlying values. All models were therefore
fitted on a logarithmic scale, and regression coefficients were interpreted in
terms of the percentage difference or change in the magnitude of the con-
tracture. All calculations were performed with use of SAS software (SAS In-
stitute, Cary, North Carolina) and Stata software (release 11; StataCorp, College
Station, Texas). A p value of <0.05 was considered significant.

Source of Funding

This study was made possible by grant number UL1 RR024146 from the
National Center for Research Resources (NCRR), a component of the National
Institutes of Health (NIH), and the NIH Roadmap for Medical Research.

Results

he prevalence of elbow flexion contracture (=10°) was 48%

(152 0f 319). The left elbow was affected in 52% of the 152
patients (Table I). Thirty-nine patients had a documented el-
bow contracture at the time of the initial visit, which occurred
at a median age of 10.8 years (range, one to eighteen years) in
this group. The median age of onset of the elbow flexion
contracture in the patients who developed a contracture after
the initial visit was 5.1 years (range, 0.25 to 14.8 years). The

ELBOW FLEXION CONTRACTURE IN CHILDREN WITH
BRACHIAL PLEXUS BIRTH PALSY

TABLE Il Characteristics of the Patients with

Elbow Flexion Contracture

Elbow flexion contracture of >10° (no.) 152
Age at onset* (yr) 5.1 (0.25-14.8)
Maximum contracture* 20° (10°-90°)

Contracture of >230° (no. [%]) 54 (36)
Additional ipsilateral upper- 48 (32)
limb joint contracture of >10° (no. [%])

Shoulder internal rotation only 17 (11)

Supination only 13 (9)

Shoulder abduction only 7 (5)

Other contracture only 5(3)

>1 joint contracture 6 (4)
Radial head dislocation (no. [%]) 9 (6)

*The values are given as the median, with the range in parentheses.

median magnitude of the maximum documented contracture
was 20° (range, 10° to 90°) (Table II). Of the 113 patients who
developed an elbow flexion contracture after the initial clinic
visit, thirty developed the contracture less than a year after the
initial clinic visit, sixty-nine were followed regularly at least
once per year before the onset of the contracture, seven were
diagnosed with the contracture when they returned to the
clinic after a hiatus of more than two years, and the timing of
follow-up of the remaining seven patients could not be deter-
mined because of missing data.

The magnitude of the contracture was >30° in 36% (fifty-
four) of the 152 patients with an elbow flexion contracture. An
additional upper-extremity contracture was present in 32%
(forty-eight) of the patients with an elbow flexion contracture;
the most prevalent such contracture, in seventeen patients
(11% of the 152), involved shoulder internal rotation (Table
IT). Radial head dislocation was documented in nine (6%) of
the patients with an elbow flexion contracture. Surgical treat-
ment for brachial plexus birth palsy was performed in 68%
(103) of the patients with an elbow flexion contracture and
included nerve exploration and grafting, external rotation
tendon transfer at the shoulder, and external rotation humeral
osteotomy. No patient underwent surgical release of the elbow
flexion contracture.

Table III demonstrates the prevalence of elbow flexion
contracture according to age and the extent of brachial plexus
involvement (Narakas classification). The prevalence of elbow
flexion contracture of 210° increased with increasing age (p <
0.001) (see Appendix). The association with the extent of
brachial plexus involvement was not significant (p = 0.69)
(see Appendix). The odds ratio of an elbow flexion contrac-
ture in patients with a Narakas group-I lesion was 0.77
(prevalence = 44%). The odds of an elbow flexion contrac-
ture in patients with a Narakas group-II lesion were not sig-
nificantly greater than in patients with a group-I lesion (95%
confidence interval [CI] for the relative change in the
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ELBOW FLEXION CONTRACTURE IN CHILDREN WITH
BRACHIAL PLEXUS BIRTH PALSY

TABLE Ill Prevalence of Elbow Flexion Contracture According to Age and Narakas Classification

No. with

Total No. Elbow Flexion Contracture >10° Prevalence (%) P Value*

Age inyr <0.001
Oto4 103 12 12
5to11 132 73 55
12 to 20 84 67 80

Narakas classification 0.690
Group | 154 67 44
Group I 99 49 49
Group Il 66 36 55

*Chi-square test.

odds ratio, —23% to 111%; p = 0.35). Similarly, the odds in
patients with a group-III lesion were not significantly greater
than in patients with a group-I1I lesion (95% CI, —34% to 129%;
p = 0.53).

Use of the Kaplan-Meier (product-limit) estimator for
censored data indicated that the predicted probability of de-
veloping an elbow flexion contracture by the age of skeletal
maturity was 65% in the girls and 48% in the boys (Fig. 1). Data
from the total population (male and female patients) to the age
of sixteen years is provided in the figure. In the subpopulation
analysis, the probability of developing an elbow flexion con-
tracture by the age of skeletal maturity in male and female
patients was evaluated. Since the age of skeletal maturity in girls
is fourteen years, this excluded eight data points of female
patients who were seen to the age of sixteen years. If the analysis
had been carried out to the age of sixteen years in the female
population, the probability of developing an elbow flexion
contracture by the age of sixteen would be predicted to be 87%,
which crosses the line for the total population. The association

between sex and the probability of developing an elbow flexion
contracture was not significant.

Regression modeling was used to characterize the 107
patients who did not receive treatment for the elbow flexion
contracture. The mean contracture in the untreated patients
with a mild (Narakas group-I) lesion was estimated to be 11° at
the time of entry into the study. The mean contracture was 13°
(24% greater) in patients with a moderate (group-II) lesion
and 14° (29% greater) in patients with a severe (group-III)
lesion. These differences were not significant (p = 0.10 for
both). Regression modeling was also used to estimate the rate
of progression of the elbow flexion contracture to be 0.1% per
year in the untreated patients, which was not significantly
different from zero (p = 0.97).

Forty-five of the 152 patients with an elbow flexion
contracture received nonoperative treatment for the contrac-
ture (Table IV). This treatment consisted of nighttime splinting
in thirty-six patients and serial elbow extension casting in nine.
Patients in the treatment group were followed for a mean of 1.8
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Probability of developing an elbow flexion contracture according to age at skeletal maturity and sex. The association between sex and the probability of
elbow flexion contracture was not significant. *Denotes the age of skeletal maturity for boys and for girls.
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TABLE IV Characteristics of the Forty-five Patients Who

Received Nonoperative Treatment of an
Elbow Flexion Contracture

Mean (Range)

Last elbow flexion contracture 32 (10-85)
measurement before treatment (deg)

Before splinting (n = 36) 28 (10-50)

Before casting (n = 9) 49 (30-85)
First elbow flexion contracture 25 (5-60)
measurement after treatment (deg)

After splinting (n = 36) 24 (5-40)

After casting (n = 9) 30 (15-60)
Length of time observed before 22 (0-173)
treatment (mo)
Length of time observed after 27 (1-114)
treatment (mo)

years (range, 0 to 14.4 years) before treatment and 2.2 years
(range, 0.1 to 9.5 years) after treatment. The rate of contracture
progression before treatment was 4.4% per year (p < 0.01 for
the comparison with 0%) in both the patients who underwent
casting and those who underwent splinting, and the difference
in the rate of progression between the two groups was not
significant (p = 0.87). On average, patients experienced a 31%
decrease in the magnitude of the contracture during serial
casting (p < 0.01). Patients treated with splinting did not ex-
perience a significant improvement during treatment (p =
0.93). The mean rate of contracture progression was 4.4% per
year after casting and <0.1% per year after splinting. The dif-

(=]
w

40

H Splinting
| Casting

Degree of contraclure
30
!

20
1

I I I ] 1

0 20 40 60 80

Time (in months)
Fig. 2
Magnitude of the elbow flexion contracture for typical patients in the
casting group and the splinting group as predicted by the final model
estimates. Time zero represents the time of initial presentation for brachial
plexus birth palsy. The vertical dashed line represents the start of treat-
ment, and the trajectory for the patient in the casting group drops at this
time.

ELBOW FLEXION CONTRACTURE IN CHILDREN WITH
BRACHIAL PLEXUS BIRTH PALSY

ference between the rate of contracture progression before and
after splinting was significant (p = 0.04) (Fig. 2).

Discussion

his study suggests that the prevalence of elbow flexion

contracture (210°) in children with brachial plexus birth
palsy may be higher than clinicians perceive and that the
prevalence increases with age. The prevalence of elbow flexion
contracture in the study group was not associated with sex or
with the extent of brachial plexus involvement. A predictive
model demonstrated that the probability of developing an el-
bow flexion contracture by the age of skeletal maturity was high
in both girls (65%) and boys (48%). Nonoperative treatment of
an elbow flexion contracture associated with brachial plexus
birth palsy with serial casting may initially improve a severe
elbow flexion contracture, whereas nighttime splinting may
prevent further progression of a milder contracture.

The prevalence of elbow flexion contracture in the study
was representative of the prevalence among the brachial plexus
birth palsy patients treated at our institution, which provides
specialized care for children with orthopaedic conditions.
However, the observed prevalence does not take into account
the six patients who were lost to follow-up before the median
age of onset reported in the study (five years) or the 103 pa-
tients who were younger than this age at the time of the study.
Thus, the observed prevalence of 48% in the study group may
represent an underestimation of the true prevalence of elbow
flexion contracture in our patient population as well as in the
general population of children with brachial plexus birth palsy.
It is also possible that the observed prevalence represents an
overestimation if patients with an elbow flexion contracture
were more likely to return to the clinic than patients without a
contracture. However, only seven of the 113 patients who de-
veloped an elbow contracture after the initial visit returned to
the clinic after more than a two-year hiatus and were diagnosed
with an elbow contracture at that time, which suggests that our
reported prevalence was only minimally biased by patients
previously lost to follow-up who returned to the clinic because
of a new-onset elbow flexion contracture. The prevalence of
radial head dislocation observed in our population of children
with an elbow flexion contracture (6%) was likely an under-
estimation of the true prevalence, as our population did not
routinely undergo radiographic evaluation of the elbow and
radial head dislocations may remain undiagnosed in children
with brachial plexus birth palsy.

Our study indicated that children with brachial plexus
birth palsy are at risk of developing an elbow flexion con-
tracture regardless of the extent of the initial neurological
injury, which is inconsistent with previous reports of an as-
sociation between lesion severity and other sequelae of
brachial plexus birth palsy'>'”***. We had expected to see a
greater prevalence of elbow flexion contracture in children
with a weak triceps muscle (C7 involvement, or Narakas
groups II and III) resulting in elbow flexor-extensor muscle
imbalance. However, our results suggested that the etiology
of elbow flexion contracture associated with brachial plexus
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birth palsy, unlike that of other soft-tissue contractures as-
sociated with neuromuscular conditions, may not involve
muscle imbalance due to weak or paralyzed antagonist mus-
cles. Although the prevalence of elbow flexion contracture
in our population increased incrementally with increasing
brachial plexus involvement, the trend was not significant.
Retrospective Narakas classification may have biased our re-
sults in patients who had spontaneous resolution of affected
nerve roots. A larger sample size may be needed to establish
significance for the small effect size observed for the extent of
brachial plexus involvement; however, the p values from the
logistic regression model were within the range of chance, so
the most likely explanation is that the extent of brachial plexus
involvement, as assessed with use of the Narakas classification,
is not a strong clinical predictor of the odds of developing an
elbow flexion contracture.

Our study indicated the rate of contracture progression
to be 0.1% per year for patients who never received treatment
compared with 4.4% per year for patients who later received
treatment involving serial casting or nighttime splinting. These
rates were prone to selection bias, as patients who do not
progress are unlikely to seek treatment and those with greater
progression may be seen more frequently than those with
slower progression. Thus, the progression rate observed in the
treatment group prior to treatment may represent an overes-
timation. A larger sample of patients undergoing nonoperative
treatment would predict the rate of progression more accu-
rately; however, the results of the present study provide in-
formation to assist clinicians with patient and family education
regarding the potential course of elbow flexion contracture
associated with brachial plexus birth palsy.

Currently, the mainstays of treatment for elbow flexion
contracture in children with brachial plexus birth palsy at our
institution are serial casting and nighttime splinting. A recently
published treatment algorithm recommends serial casting for
contractures of 240° and nighttime splinting for contractures
of 20° to 40°*'. Although it was limited by the small number of
patients who were available, the present study of the effec-
tiveness of nonoperative treatment in forty-five patients with
a mean follow-up of twenty-seven months since the start of
treatment supported that treatment algorithm and suggested
that serial casting may initially improve severe elbow flexion
contractures whereas nighttime splinting may prevent further
progression of milder contractures.

The etiology of elbow flexion contracture in children with
brachial plexus birth palsy is unknown. Current hypotheses in
the literature include a misdirection of regenerating neurons
leading to cross-innervation of upper-extremity musculature,

ELBOW FLEXION CONTRACTURE IN CHILDREN WITH
BRACHIAL PLEXUS BIRTH PALSY

recovery of elbow flexor function before elbow extensor func-
tion, and imbalance between the elbow flexor and extensor
muscles for another reason'®"”*. Other authors have questioned
why elbow flexion contractures associated with brachial plexus
birth palsy occur in the direction of muscle weakness. One
possible explanation is that partial muscle denervation at birth
alters the normal development of muscle contractile properties™.
Others have hypothesized that a mild contracture may develop
to assist in overcoming weak elbow flexors'. Indeed, limited
elbow flexion in this population may be more functionally
detrimental than limited elbow extension in tasks such as
grooming and feeding. However, contractures that are more
severe (=30°), which were reported in 36% of our population,
are likely to impair the overall upper-extremity function and
appearance in children with brachial plexus birth palsy.

In summary, we reported the prevalence of elbow flexion
contracture in a population of children with brachial plexus
birth palsy and evaluated its association with age, sex, and the
extent of brachial plexus involvement. Knowledge of the dis-
ease prevalence will allow clinicians to educate children and
their parents regarding this diagnosis and its potential com-
plications. Understanding the most prevalent sequelae of
brachial plexus birth palsy may guide the development of
treatment techniques to target the conditions that have the
greatest impact on children with brachial plexus birth palsy.

Appendix

@ A table outlining the Narakas classification and figures
showing the prevalence of elbow flexion contracture ac-

cording to age and the Narakas classification are available with

the online version of this article as a data supplement at

jbjs.org. ®
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