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Research Article

Natural History of the Elbow Bony

Architecture in Patients With

Obstetric Brachial Plexus Injury
and the Association With Flexion
Contractures

Abstract

Purpose: The purposes of this study were to evaluate the
radiographic anatomy of the elbow and try to determine its possible
relation to elbow flexion contracture in patients with obstetric brachial
plexus injury (OBPI).

Methods: All patients with a history of OBPI with elbow flexion
contracture who were evaluated clinically and radiographically were
included in the study. A review was performed to include serial elbow
examinations and previous treatment. Radiographs of the elbow were
examined for the presence of bony abnormalities as a potential cause
of elbow flexion contracture or the presence of progressive arthritic
changes over time.

Results: Fifty-nine patients with a history of OBPI with elbow flexion
contracture were included in the study. Of them, 53 had normal bony
architecture, 2 had mild radial head subluxation, and 4 had chronic
anterior radial head dislocations. At a mean age at final clinical follow-

up of 21 years (range, 7 to 83 years), only 7% of patients had pain
localized to their elbow. There were only three patients with elbow
arthritis, including two of the four with radial head dislocations.
Conclusions: In the absence of a radial head dislocation, most elbow
joints do not seem to undergo abnormal anatomic bony changes in
patients with OBPI and flexion contractures.

Level of Evidence: Level IV (retrospective case series)

Ibow flexion contracture is com-

mon in patients with obstetric
brachial plexus injury (OBPI) who do
not experience full recovery of their
nerve palsy. It has been reported
that the incidence is up to 89.5%.1-
Although some combinations of
soft-tissue pathologies, involving
abnormal innervation and muscular
imbalance, likely contribute to these
contractures, the etiology underlying
them is unknown. In the shoulder,
internal rotation contractures have

been associated with glenohumeral
deformities, such as glenoid hypo-
plasia, hooking of the coracoid, or
varus humeral head malalignment.®-!1
These bony changes lead to worsening
of the contractures and further limi-
tations in function. However, it is not
known whether bony and joint
changes contribute to elbow flexion
contractures seen in OBPL

A paucity of information exists
within the published literature on the
elbow bony anatomy, its long-term
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Table 1

Demographic and Surgical Data

Patients (elbows)

Side (right:left)
Age/follow-up (yrs)

Sex: male:female (elbows)

Previous flexion contracture surgical release

progressive changes, and its rela-
tionship to elbow flexion contracture
in patients with OBPL The purpose of
this study was to evaluate the radio-
graphic anatomy of the elbow and its
relation to elbow flexion contracture
in patients with OBPL

Methods

After approval was obtained from the
institutional review board, a review
was performed, examining all pa-
tients at our institution with a diag-
nosis of OBPI and subsequent elbow
pathology from January 1, 1923, to
December 31, 2005. Patients were
included if they had confirmed diag-
nosis of OBPI in the electronic medi-
cal record, experienced and were
treated at our institution for elbow
flexion contractures, and underwent
radiographic evaluation of the elbow
for their pathology. All patients had to
have a recent radiograph because we
aimed at determining whether bony
abnormalities and bony changes over
time were reasons for elbow flexion
contractures in patients with OBPL.

Clinical and Radiographic
Evaluation

Clinical and radiographic analyses
were performed through a review of
the electronic and paper medical
record. The medical record was exam-
ined to obtain other variables, includ-
ing demographics, comorbidities, birth
history, past surgical interventions
for elbow contractures, and upper
extremity function and pain. Results
from the patient’s last clinic visit

59 (59)
33:26
21 (7-83)
24:35
13 patients

were used to assess pain and elbow
function. Pain was quantified as
none, mild, moderate, or severe by
the patients during their preoperative
and postoperative interviews and
standard follow-up questionnaire.
Patients were also asked whether it
improved or worsened throughout
their lifetime. Range of motion was
expressed as flexion, extension, and
total arc of motion for the elbow
joint. Elbow flexion strength was
graded using the modified grading
system of the British Medical
Research Council.'> Radiographic
evaluation by three different authors
(ie, ER.W, J.-D.W, and B.T.E) was
performed to determine the presence
of bony abnormalities of the elbow
and the presence of progressive
arthritic changes over time. The
radiographs were evaluated for
congruency, dysplasia, and degener-
ative changes in the radiocapitellar,
ulnotrochlear, and posterior ulno-
humeral joints. Arthritic changes in
the radiocapitellar and trochlear ar-
ticulations were graded as none,
mild, moderate, or severe. Radio-
graphs were assessed by all three
authors to either normal parameters
for the age of the patient or to the
patient’s noninvolved extremity
when available. Subluxation was
determined if the radiocapitellar
line failed to pass through the
capitellum.13-14

Statistical Analysis

Descriptive statistics were used to
summarize the data, including per-
centages and counts for categoric and

ordinal data and mean values and
ranges for continuous data. Pain
and functional outcomes and the
influence of different variables on
these outcomes were compared using
chi-square tests (or Fisher exact tests)
for categoric variables and unpaired
Student ¢ tests for continuous varia-
bles. All analyses were performed
using the JMP statistical software
package (version 8; SAS Institute).
P < 0.05 was considered statistically
significant.

Results

Demographic and Clinical
Background

Over an 82-year period, we identified
59 patients who fit our inclusion cri-
teria (Table 1). There were 35 females
(59%) and 24 males. The right
(compared to left) upper extremity
was injured in 33 patients (55%).
Every patient used their uninjured
extremity as their dominant extrem-
ity. Twenty-seven patients had what
appeared to be a complete birth palsy
(C5-T1) with a flail shoulder, arm,
and hand at birth. However, all pa-
tients recovered varying degrees of
hand, elbow, and shoulder function
within their first year of life. Four
patients were known to have a uni-
lateral anterior radial head disloca-
tion that was present before
evaluation at our institution, thus
likely either a congenital or a long-
standing developmental dislocation
associated with the flexion con-
tractures, especially given the direc-
tion of the dislocation.

Elbow Function

At a mean age at final clinical follow-
up of 21 years (range, 7 to 83 years),
the mean elbow flexion contracture
was 30° (range, 0 to 90), the mean
elbow flexion was 124° (range, 80°
to 150°) of elbow flexion, and the
mean total arc of motion was 94°
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(40° to 130°) (Table 2). All patients
had M4 or greater elbow flexion
strength at final clinical follow-up.
All patients were treated with
therapy and splinting for their elbow
flexion contracture at some point
in their lives, whereas 13 patients
underwent attempt at surgical soft-
tissue release. The presence of a
radial head dislocation did influence
elbow motion because the mean
elbow motion in patients with radial
head dislocations was 30° to 87°
(total arc of 57°) compared with 30°
to 128° (total arc of 98°) in those
without radial head dislocations. No
other factors influenced the total
elbow motion.

Elbow Pain and Limitations

Although 20 patients (34 %) reported
pain in their affected upper extremi-
ties, only 4 patients (7%) localized
pain to their elbow. However, when
pain was present, it seemed to worsen
over time because it was determined
during the patients’ subsequent clin-
ical visits. All patients in the study
reported limitations by their injuries
with daily activities and occupation.
However, most reported that they
were able to adapt to the elbow
flexion contractures because no
patient was unable to work or go to
school secondary to their OBPIs.

Radiographic Evaluation

Four-view radiographs of the elbow
were performed for all patients at
different intervals during their clini-
cal evaluation. As noted previously,
there were four patients who experi-
enced chronic anterior radial head
dislocations that had been present for
many years before their index evalu-
ation at our Institution. At a mean
age at final radiologic follow-up of
16.5 years (range, 6 to 78 years), only
3 patients (5%) had radiographic
evidence of moderate or severe
ulnohumeral arthritis, including two
of the four patients with anterior

Table 2

Clinical Outcomes and Associated Factors

Outcome Measure

Rating

Elbow arc of motion
Elbow extension
Elbow flexion
Pain moderate/severe (patients)
Localized to elbow
Upper extremity
Radiographic arthritis
Mild
Moderate/severe

radial head dislocations: 25-year-old
and 41-year-old women (Table 2;
Figures 1 and 2). In addition to the
two patients with radial head dis-
locations, the third patient who had
advanced degenerative changes was
evaluated as a 22-year-old woman
with an 85° flexion contracture and
no radial head dislocation, but
marked limitations of her extremity
from her previous OBPI. No other
patients developed elbow degenera-
tive changes. The mean flexion
contracture in those with degenera-
tive changes was 45° (95% CI, —42
to 132) compared with 29° (95% CI,
24 to 34) (P = 0.51). Of note, in
addition to the four radial head
dislocations, there were two patients
who experienced mild radial head
subluxation. Neither of these patients
demonstrated any other abnormal
radiographic findings, including nor-
mal joint and bone morphology.
All four patients who had anterior
radial head dislocations demonstrated
proximal ulna and distal humerus
dysplastic changes (ie, shallow
ulnotrochlear articulation, dysplastic
radial head, and abnormal radio-
capitellar joint). In addition to the
third patient with advanced degener-
ative changes without a radial head
dislocation, no other elbows demon-
strated any radiographic signs of
dysplasia, including the two patients
with mild radial head subluxation.

94° (40-130)
30° (0-90)
124° (80-150)

4 (7%)
20 (34%)

3 (5%)
3 (5%)

Discussion

OBPI occurs in 0.3 to 4 per 1,000 live
births in developed countries.>13-20
Many patients experience limitations
primarily due to paralysis from
muscular denervation and atrophy.
These paralytic limitations are con-
founded by muscle contractures that
progress throughout the patient’s
life.! Elbow flexion contracture is
common in patients with OBPI who
did not experience early full nerve
recovery. The incidence of elbow
flexion contracture remains
known, with values reported in the
literature ranging from 4.6% to
89.5%.1° However, the etiology
underlying elbow flexion contractures
remains unclear.

Although many theories exist re-
garding the pathogenesis of elbow
flexion contractures, the exact cause
leading to this common complication
is still unclear. A previous report the-
orized that an anarchic regeneration
of neurons may lead to cross-
the upper limb,
leading to elbow flexion contracture.*
In addition, Ballinger and Hoffer!
proposed that the elbow contracture
could be helpful in these patients who
have weak elbow flexors to carry out
many daily activities, and thus, pa-
tients were encouraged by the sur-
geons, families, and physiotherapists

un-

innervation of
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Radiographs showing anterior radial head dislocation in a 10-year-old girl with a
history of obstetric brachial plexus injury and an anterior radial head dislocation.
Her elbow motion is limited by the flexion contracture and the radial head
dislocation. Although her dislocation could be congenital, her procedure
involving the radius could also have contributed to her continued dislocation.

Radiographs showing anterior radial head dislocation in a 38-year-old man with
a history of obstetric brachial plexus injury and an anterior radial head
dislocation. Over time, his radial head deformity has progressed, limiting his
elbow motion and leading to signs of joint degenerative changes.

to remain in these flexed positions.
They also proposed the idea that it
could result from a persistent fetal

flexion posture that was not com-
pensated by active elbow extension
in the neonatal period.! Other au-

thors feel that it could simply be
caused by early muscular imbalance
because the elbow flexors recover
earlier than the elbow extensors.!>?
However, this theory was contra-
dicted by Sheffler et al,* who recently
showed that no correlation existed
between the prevalence of elbow
flexion contracture and triceps
muscle weakness, suggesting that
muscle imbalance might not be the
cause. Finally, another hypothesis
that can be found in the literature is
the potential alteration in muscle
contractile properties due to muscle
denervation at birth.22 A recent
study expanded on this theory, in
which Weekley et al>? demonstrated
that denervation of the elbow flexors
induced functional shortening of the
elbow flexors, causing flexion con-
tractures of variable degrees de-
pending on the timing and extent of
denervation. This same study also
demonstrated that neonatal triceps
tenotomy did not lead to elbow
flexion contractures in their mice
model. Regardless of the etiology, it
seems that the soft tissues do play a
critical role in the development and
progression of the elbow flexion
contractures in patients with OBPI.

Muscle imbalance that is known to
occur in patients with OBPI leads to
dysfunction of the shoulder, elbow,
forearm, and wrist, mostly secondary
to variable muscle paralysis, con-
tracture, muscle imbalance, anarchic
reinnervation, muscle cocontraction,
and chronic joint subluxation lead-
ing to joint deformity.?*?5 This is
especially true in the shoulder in
which chronic muscle imbalance
and internal rotation contracture
generate important glenohumeral
deformities, such as glenoid dyspla-
sia, hooking of the coracoid, or
humeral head deformity.®-11 Patients
will often compensate for these
deformities, which potentially may
lead to worsening of the deformity.
Although bony abnormality in the
shoulder has been well established as
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possible association with internal
rotation contracture of the shoulder,
to our knowledge, the occurrence of
bony changes in the elbow and
whether these are associated with
elbow flexion contractures have not
previously been reported in the lit-
erature. Sheffler et al* found a
prevalence of 6% of radial head
dislocations in a population of chil-
dren with an elbow flexion con-
tracture. However, many of the
patients in their cohort had not had
an elbow radiograph, suggesting that
this rate of radial head dislocations
might be underestimated. Further-
more, Senes?® recommended resec-
tion of the olecranon as an additional
surgical treatment option for elbow
flexion contracture in OBPI because
of the potential contribution of the
bony anatomy.

In our study, we examined 59 pa-
tients with elbow flexion con-
tractures who had undergone clinical
and radiographic evaluation at our
institution. At a mean clinical follow-
up of 21 years (range, 7 to 83 years),
only 7% of patients reported elbow
pain, with a mean total arc of
elbow motion of 89°. Only three
patients (5%) had marked radiologic
pathologies involving their elbows,
two of those involving radial head
dislocations. It is difficult to ascer-
tain whether these were congenital
radial head dislocations or simply
long-standing  dislocations
ated with the flexion contractures
and a “short” biceps. Regardless,
although this incidence of radial
head dislocation is higher than the
incidence of congenital radial head
dislocation observed in the general
population (0.06% to 0.16%),27-28
this condition remains asymptomatic
in most patients.?’ In the small
number of patients with OBPI who
have radial head dislocation associ-
ated with elbow flexion contracture,
the radial head could be targeted in
the treatment if it was felt to be
contributing to the contracture.

associ-

In our series, only 3 patients (5%)
had radiographic evidence of mod-
erate or severe elbow arthritis, two of
who had the anterior radial head
dislocations. We tried in our study to
evaluate the association between the
elbow joint and flexion contractures
and to determine whether any bony
pathology existed that might poten-
tially contribute to or result from the
elbow flexion contractures. Our
findings suggest that bony anatomic
changes rarely occur in patients with
OBPI, outside of those with radial
head dislocations, and in this case,
bony deformities are not responsible
for elbow contracture.

Our study had several limitations.
Itis retrospective and has the inherent
weaknesses of such an analysis and it
is a monocentric study, which could
induce a referral bias. Furthermore,
the focus of this study was to examine
the association of elbow bony
pathology with flexion contractures.
Thus, our conclusions are limited to
the bony architecture, without an
ability to examine the soft-tissue
contributions. In addition, we recog-
nize that using the radiocapitellar line
may not predict dislocation in all
pediatric cases, and occasionally, this
may be a normal variant in certain
pediatric elbows.!3:14 Finally, the age
range at final follow-up is from 7 to
83 years, creating a wide range of
potential for arthritis development
or functional abnormalities. We feel
that the large range is necessary to
examine the spectrum of elbow
abnormalities from adolescence
through adulthood. However, the
strengths of this study involve its
focus aim assessing the bony ana-
tomic changes in a large number of
patients over a long-term follow-up
period.

In conclusion, most elbow joints do
not seem to go through abnormal
anatomic bony changes (eg, arthritis,
dysplasia) in patients with OBPI and
elbow flexion contractures, unless
the patient develops anterior radial

head dislocations. This scenario in-
dicates that flexion contracture is not
primarily related to bony changes of
the elbow, and in this case, surgical
release of flexion contracture of the
elbow should potentially focus on the
soft tissues over bony or articular
anatomy.
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