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Abstract The purpose of this investigation was to deter-
mine size differences between affected and unaffected
upper extremities in patients with brachial plexus birth
palsy (BPBP). Forty-eight patients with BPBP underwent
measurements of the bilateral upper extremities. Average
age at the time of evaluation was 47 months. In addition,
patients or families were asked “How important is the
difference in arm size and appearance to you?” Active
motion was assessed using the modified Mallet classifica-
tion, Toronto Test Score, and Hospital for Sick Children
Active Movement Scale. Correlation between ratios of
affected to unaffected limb lengths and girths and measures
of active motion were assessed using Spearman’s rank
correlation coefficient. Upper arm, forearm, and hand
lengths of the affected limbs were, on average, 95%, 94%,
and 97% of the contralateral unaffected side, respectively.
Upper arm girth, forearm girth, and hand width were, on
average, 97%, 98%, and 95% of the contralateral side,
respectively. All differences achieved statistical significance
(p<0.01). Furthermore, over 37% of patients or families
reported that limb differences were “very” or “extremely
important” to them. No statistically significant correlation
between age and limb length discrepancy was noted.
Furthermore, there were no correlations between upper limb
discrepancies and measures of active motion in individual
patients. Patients with BPBP and persistent neurological

deficits may expect the affected upper extremity to be on
average approximately 95% the length and girth of the
contralateral limb. These differences do not correlate with
patient age or clinical measurements of active movement.
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Introduction

Despite advances in obstetrics, the incidence of brachial
plexus birth palsy (BPBP) remains approximately 1 per
1,000 live births [3, 4, 9]. Established risk factors include
large size for gestational age, multiparous pregnancy,
difficult or prolonged labor, and history of prior child with
BPBP [9]. Microsurgical nerve reconstruction, soft-tissue
releases, tendon transfers, and osteotomies have all been
proposed for infants and children with persistent neurolog-
ical deficits and/or secondary joint deformity to improve
function [9, 10].

While previous study has focused on the natural history
and surgical treatment of BPBP, little is known about the
relationship between BPBP and resultant morphological
and aesthetic differences between affected and unaffected
upper limbs [2, 3, 6, 9, 10]. The purpose of this
investigation was to determine the differences in length
and girth between affected and normal upper extremities in
BPBP patients and to determine the relative importance
these difference(s) are to patients and families.

Materials and Methods

This investigation was performed as a part of a continuing
prospective study of patients with BPBP presenting to the
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Hand and Upper Extremity Program of the Department of
Orthopedic Surgery at our institution. Forty-eight consec-
utive infants and children with BPBP were evaluated by
clinical examination by the authors for the purposes of this
investigation. (“Appendix 1”) All patients had persistent
neurological deficits with upper extremity weakness (i.e.,
patients who demonstrated full spontaneous neurological
recovery were not included in this investigation). There
were 20 males and 28 females. Nineteen patients had left
upper extremity involvement. Average age at the time of
evaluation was 47 months (range 1 to 169 months). Due to
the young age at which many of these patients were
evaluated, hand dominance was often not apparent and thus
not reported here.

In addition to a thorough clinical history and physical
examination, all patients underwent measurements of the
bilateral upper extremities to assess for upper limb
discrepancy. The following parameters were measured for
both the affected and unaffected limbs using palpable
subcutaneous landmarks, according to the fashion of Van
Heest et al. [8]: (1) upper arm length, (2) forearm length,
(3) hand length, (4) upper arm girth, (5) forearm girth, and
(6) hand width. Upper arm length was measured along the
lateral aspect of the brachium from the tip of the acromion
to the olecranon process. Forearm length was measured
from the olecranon process to ulnar styloid. Hand length
was measured from the level of the ulnar styloid to the tip
of the long finger. Upper arm girth was determined by the
maximal circumference of the brachium, typically mea-
sured at the midpoint of its proximal–distal length. Forearm
girth was the measured circumference at the maximal
forearm width. Hand width was measured from the base
of the first web space to the ulnar border of the hand.
Results for each parameter of the affected limb were
quantified by calculating the percentage of the unaffected
contralateral side. (For example, forearm length of the
affected limb/forearm length of the unaffected limb×100=
forearm length percentage.) Prior to the initiation of this
investigation, consensus building exercises and assessment
of intra and interobserver reliability were performed among
the examiners.

The subjective importance of limb appearance to patients
or families was also assessed. Prior to measurement of limb
dimensions, patients or families were asked “How impor-
tant is the difference in arm size and appearance to you?”
Responses were recorded on a scale of 1 to 4, with “1” being
“not important” and “4” being “extremely important.”

In addition, upper limb active motion was assessed
using the modified Mallet classification, Toronto Test
Score, and Hospital for Sick Children Active Movement
Scale [2, 5, 7]. The modified Mallet classification provides
an assessment of global shoulder function by scoring
active shoulder abduction, external rotation, internal

rotation, hand-to-mouth placement, and hand-to-neck
placement. The Toronto Test Score provides an assessment
of active elbow flexion, elbow extension, wrist extension,
digital extension, and thumb extension. The Active
Movement Scale provides a comprehensive evaluation of
active upper extremity motion in 13 categories: shoulder
abduction, adduction, and flexion; shoulder internal and
external rotation; elbow flexion and extension; forearm
pronation and supination; wrist flexion and extension;
digital flexion and extension; and thumb flexion and
extension. All three classification systems are used specif-
ically for BPBP, and the intra and interobserver reliability
of these measures of active movement have previously
been established [1].

For statistical analysis, paired t test was used to compare
means of continuous paired variables, with p<0.01 deemed
statistically significant. Spearman’s rank correlation coef-
ficients were calculated to determine associations between
limb length–girth differences and age and measures of
active motion. Analyses were performed using Microsoft
Excel 2002 (Microsoft Corporation, Redmond, WA, USA)
and SPSS (version 15.0, SPSS Inc., Chicago, IL, USA)
statistical software.

This investigation was approved by the Committee of
Clinical Investigation of our Institutional Review Board.

Results

Objective Measurements

Upper arm lengths of the affected limbs were, on average,
95% of the contralateral unaffected side (range 78% to
100%; “Appendix 1”). Forearm lengths of the affected
limbs were also, on average, 94% of the contralateral side
(range 82% to 107%). Hand lengths of affected limbs were,
on average, 97% of the contralateral side (range 83% to
119%). Upper limb girth was, on average, 97% of the
contralateral side (range 79% to 107%). Forearm girth was,
on average, 98% of the contralateral side (range 88% to
111%). Finally, hand widths were, on average, 95% of the
unaffected contralateral side (range 79% to 125%). All the
above differences achieved statistical significance (p<
0.01). It should be noted that in three patients (patient 5,
27, and 46), the measured component lengths or girths of
the affected limb were greater than those of the unaffected
extremity (“Appendix 1”).

Mean aggregate modified Mallet classification score was
14 (range 4 to 24) out of a maximum score of 25. Mean
Toronto Test Score was 7.5 (range 0 to 10) out of a
maximum score of 10. Mean aggregate Active Movement
Scale score was 85 (range 24 to 103) of a maximum score
of 105.
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There was no statistically significant correlation between
age and limb length discrepancy noted of any of the
measured parameters. Similarly, there were no meaningful
correlations between limb length or girth discrepancies and
measures of active upper extremity movement. (Table 1)

Subjective Evaluation

Average response to the subjective query regarding the
importance of the appearance of the affected limb was 2.4
(range 1 to 4; Fig. 1). Of the 48 study subjects, six patients
or families (13%) reported that size difference and
appearance was “not important;” 24 patients or families
(50%) reported that it was “somewhat important;” 13
patients or families (27%) reported that it was “very
important;” and five patients or families (10%) reported
that it was “extremely important.”

Discussion

Efforts to define the natural history of BPBP continue to be
made in hopes of providing patients and families accurate
information regarding long-term prognosis and potential
benefits of surgical and other treatments. A multicenter
prospective study is underway to help define the natural
history and longer-term results of BPBP treatment [11].

In addition to information regarding neurological recov-
ery, longer-term functional outcomes, and indications for
operative intervention, patients and families often inquire
about the effect BPBP will have on upper extremity size
and appearance. These questions often arise at the initial
orthopedic or microsurgical consultation, an emotionally
charged setting for families and care providers alike.
However, little information is currently available on this
subject.

McDaid et al. [6] have previously published their
analysis of 22 skeletally immature patients with BPBP.
Radiographs of the involved and uninvolved humeri and
forearms were obtained and relative limb lengths calculat-
ed. In their series, 21 of 22 patients (95%) demonstrated
upper limb length discrepancy, with the affected extremity
averaging 92% the length of the contralateral limb. Patients
with upper trunk palsies had less limb length discrepancy
than those with total plexus lesions. No correlation between
age and percentage of limb length discrepancy was noted.

Similar findings have been noted in studies of skeletally
immature patients with other neurological conditions
affecting upper extremity function. Van Heest et al. [8]
previously evaluated 40 children with spastic hemiplegia
due to cerebral palsy for upper limb length discrepancy as
well as sensory function. Interestingly, those patients with
severe sensory deficits had significantly smaller upper
limbs than children with mild or moderate sensibility
deficits. The authors conclude that in patients with spastic
hemiplegia due to cerebral palsy, upper limb length
discrepancy may be a clinical marker for underlying
sensory dysfunction [8, 12].

In the current investigation, length and circumference of
affected upper limbs in younger patients with BPBP and
persistent neurological deficits were found to be approx-
imately 95% of that of the contralateral, unaffected limbs.
While these differences were relatively small, they did
achieve statistical significance and corroborate the radio-
graphic findings of McDaid et al. Potential reasons for the
observed differences include both the effect of long-
standing neurological injury on muscle bulk and atrophy
in addition to nerve-mediated mechanisms of limb growth
and development.

Interestingly, despite the small but significant limb
length and girth differences, no meaningful correlations
were detected in this study between the magnitude of limb
size difference and standardized measures of upper limb
motion. This finding suggests that while upper limb size

Figure 1 Graph depicting the relative importance of differences in
upper limb size and appearance in patients and families with brachial
plexus birth palsy.

Table 1 Spearman’s rank correlation coefficients between measures
of active upper limb movement (modified Mallet classification,
Toronto Test Score, and Hospital for Sick Children Active Movement
scale) and measures of upper limb size discrepancies.

Modified
Mallet
classification

Toronto
Test
Score

Active
Movement
Scale

Arm length −0.082 0.051 −0.086
Forearm
length

−0.042 0.174 0.289

Hand length −0.023 0.303 0.294
Arm girth 0.061 0.302 0.222
Forearm girth −0.162 −0.029 0.065
Hand girth −0.083 0.084 −0.107

Significant values are italicized
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differences do exist, the magnitude of difference may not be
utilized to estimate the amount of upper limb impairment.
Similarly, patients with more limited active upper extremity
movement may not necessarily have greater differences in
limb size.

Despite the lack of correlation between size and upper
extremity function, the majority of patients and/or families
evaluated during the course of this investigation reported
that potential differences in upper extremity size and
appearance were “somewhat” to “extremely” important to
them. This finding highlights the need for surgeons and
other care providers to understand both the functional and
aesthetic implications of BPBP on their patients.

There were a number of inherent limitations to this
study. First, the sample size included 48 patients of varying
ages. While adequate numbers of patients were evaluated to
make statistically significant conclusions, additional analy-
sis of greater number of patients of older ages would be
useful to determine the relative degree of limb length and
girth discrepancy at skeletal maturity. In addition, no
stratification was performed according to the level or
severity of brachial plexus injury, nor can any statements
regarding the correlation between limb size difference and
level or severity of neurological injury be made. As
McDaid et al. and others have suggested, patients with
total plexus lesions may have more considerable limb

differences compared to those with upper trunk or more
limited plexus involvement. No such conclusions may be
drawn from the current investigation in this regard.
Furthermore, no comparisons in upper limb length or girth
were made to BPBP patients who went on to achieve full
spontaneous neurological recovery, no efforts were made to
use the unaffected contralateral limb as an internal control.
Finally, based upon this analysis, no statements can be
made on whether early microsurgical repair or plexus
reconstruction—and thus presumed improved neuromuscu-
lar function—may potentially avert the observed limb
differences. Future study may be directed at correlating
clinical and/or radiographic measurements (e.g., cross-
sectional magnetic resonance imaging) with upper extrem-
ity function, patient self-image, and overall quality of life.

In conclusion, patients with persistent neurological
deficits in the setting of BPBP may expect the affected
upper extremity to be on average approximately 95% the
length and girth of the contralateral unaffected limb.
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Appendix 1. Patient data

Table 2 Patient data of affected upper extremities.

Patient Age at
evaluation
(months)

Affected
side

Affected arm
length (cm)

Affected
forearm length
(cm)

Affected hand
length (cm)

Affected arm
girth (cm)

Affected
forearm girth
(cm)

Affected hand
width (cm)

1 5 L 10 9.5 6.5 12.3 11.8 5
2 40 L 19 16 12 19 16 6
3 51 R 19 15 12 17 14 5.5
4 40 R 18 16 9.5 16 13.5 6
5 25 R 17 12.5 8.5 20 14 6
6 1 R 9 8.5 6 13 12 4
7 16 L 13 12 8.5 13 12 6
8 4 L 9 8.5 6.5 11.5 10 5
9 51 R 18 14 12 17 16 5.5
10 3 R 9 8.5 6.5 11.5 11.5 4
11 3 L 11 10 6 12 11 4
12 55 L 19 17 10.5 18 16 6.5
13 68 L 20 16 10.5 18 16 6
14 68 R 20 16 12 17 15 7
15 48 L 19 14.5 11 18 16 6.5
16 13 L 14 12 8 15 13.5 5.5
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Table 3 Patient data of unaffected upper extremities.

Patient Unaffected arm
length (cm)

Unaffected forearm
length (cm)

Unaffected hand
length (cm)

Unaffected arm
girth (cm)

Unaffected forearm
girth (cm)

Unaffected hand
width (cm)

1 10 9.5 6.7 15.5 11.5 5.6
2 21 16 12 19 17 6
3 22 15 12 17 14.5 6
4 19 16 11 16 15 6
5 17.5 13 8.5 20 13.5 6
6 9.5 9 6 13.5 12 4
7 14 12 8.5 13.5 13 6
8 9 9 6.5 13 10 5
9 18 15 12 17 16 6
10 9 9 6.5 12 12 4
11 11 11 6 12 11 4
12 23 18 11 20.5 16 7
13 21 16 11 20 16 6.5
14 21 18 14 17.5 17 7

Table 2 (continued)

Patient Age at
evaluation
(months)

Affected
side

Affected arm
length (cm)

Affected
forearm length
(cm)

Affected hand
length (cm)

Affected arm
girth (cm)

Affected
forearm girth
(cm)

Affected hand
width (cm)

17 21 L 15 14 8.5 19 18 6.25
18 6 L 13 10 7.5 18 17 5
19 46 R 19 15 10 16 15.5 5.5
20 16 R 16 16 8.5 16 14.5 5.5
21 36 R 19 15 9 20 18 5.5
22 4 L 13 8.5 7.5 17 16.5 6
23 67 R 35 27 19.5 28 26 11.5
24 94 R 23 16.5 15.5 17 17.5 8
25 5 R 12.2 9 7 15 15 6.5
26 6 R 11 10 7 14.5 13 6.5
27 23 R 17.5 15 10 20 18.5 15
28 163 L 31 26 17 23 21 8
29 15 R 14 9 7 16 15.5 5.5
30 2 R 8 8 6.5 9 9 6
31 169 L 33 25 15 37 28 18
32 143 R 25 22 15 24 20.5 10
33 100 R 25 18 13 18 18.5 8
34 57 R 21 15 12.5 16 15.5 6.5
35 105 R 28 20 17 27 24 5.5
36 17 R 14.5 11 9 14.5 15 4.5
37 105 R 28 20.5 6 22 20 5.5
38 28 R 16 13 11 14 15.5 3
39 60 R 22 15 12 19 20 6
40 57 R 23 16 13.5 19.5 18.5 4.5
41 96 L 30.5 23 18 26.5 22.5 6
42 38 R 21 15 13 21.5 19.5 4.5
43 53 R 21.5 13 12 18.5 16.5 4.5
44 83 L 21 15 12.5 16.5 15.5 4.5
45 34 R 17.5 14 12 16.5 16 4
46 26 L 18.5 14 12 15.5 15.5 4
47 33 L 19.5 13 11.5 16.5 16 4.5
48 55 L 21.5 16 12.5 22.5 18.5 5
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Table 4 Patients’ affected and unaffected upper extremities data.

Patient Affected/
unaffected arm
length (%)

Affected/ unaffected
forearm length (%)

Affected/
unaffected hand
length (%)

Affected/
unaffected arm
girth (%)

Affected/ unaffected
forearm girth (%)

Affected/
unaffected hand
width (%)

1 100 100 97 79 103 89
2 90 100 100 100 94 100
3 86 100 100 100 97 92
4 95 100 86 100 90 100
5 97 96 100 100 104 100
6 95 94 100 96 100 100
7 93 100 100 96 92 100
8 100 94 100 88 100 100
9 100 93 100 100 100 92
10 100 94 100 96 96 100
11 100 91 100 100 100 100
12 83 94 95 88 100 93

Table 3 (continued)

Patient Unaffected arm
length (cm)

Unaffected forearm
length (cm)

Unaffected hand
length (cm)

Unaffected arm
girth (cm)

Unaffected forearm
girth (cm)

Unaffected hand
width (cm)

15 19 15 11 18 16 6.5
16 15 14 8 14.5 13.5 6
17 16 14 8.5 19 19 6.5
18 13 11 7 17 17 5
19 20 15 11 17 16 6
20 17 16 9 16 15 6
21 20 15.5 10 20 18 5.5
22 13 9 7.5 17 17 6
23 36 27 19.5 30 27 12.5
24 24 17.5 13 19 18.3 9
25 12.5 9 7 16 15 6.5
26 12.5 10.5 7 14.5 14 6.5
27 20 17 10 19 17 17
28 36 28 18 23 21 8.5
29 15 10 8 17 16 5.5
30 8 8 6.5 9 9 6
31 35 27 18 37 28.8 18
32 32 24 16.5 26 22 8
33 25 22 14 19 20 8
34 21 17 12.5 18 17 7
35 30 21 18 27 25 7
36 15 12 9.5 16 16 5
37 30 21 7 22 20.5 6
38 18 13.5 11.5 17 16.5 4
39 24 18 14 20.5 20.5 7
40 24 18 14 20 18 5
41 35.5 26 20 28.5 23 7
42 21.5 15.5 13.5 22 19.5 4.5
43 24.5 15.5 12.5 18.5 17 5
44 22.5 15.5 13 18 17 4.5
45 18.5 14 12 17 16.5 5
46 17.5 13 11.5 14.5 14 4
47 20 14 12 16.5 16.5 4.5
48 22 16.5 12.5 22 19 5
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Table 4 (continued)

Patient Affected/
unaffected arm
length (%)

Affected/ unaffected
forearm length (%)

Affected/
unaffected hand
length (%)

Affected/
unaffected arm
girth (%)

Affected/ unaffected
forearm girth (%)

Affected/
unaffected hand
width (%)

13 95 100 95 90 100 92
14 95 89 86 97 88 100
15 100 97 100 100 100 100
16 93 86 100 103 100 92
17 94 100 100 100 95 96
18 100 91 107 106 100 100
19 95 100 91 94 97 92
20 94 100 94 100 97 92
21 95 97 90 100 100 100
22 100 94 100 100 97 100
23 97 100 100 93 96 92
24 96 94 119 89 96 89
25 98 100 100 94 100 100
26 88 95 100 100 93 100
27 88 88 100 105 109 88
28 86 93 94 100 100 94
29 93 90 88 94 97 100
30 100 100 100 100 100 100
31 94 83 83 100 97 100
32 78 92 91 92 93 125
33 100 82 93 95 93 100
34 100 88 100 89 91 93
35 93 95 94 100 96 79
36 97 92 95 91 94 90
37 93 98 86 100 98 92
38 89 96 96 82 94 75
39 92 83 86 93 98 86
40 96 89 96 98 103 90
41 86 88 90 93 98 86
42 98 97 96 98 100 100
43 88 84 96 100 97 90
44 93 97 96 92 91 100
45 95 100 100 97 97 80
46 106 108 104 107 111 100
47 98 93 96 100 97 100
48 98 97 100 102 97 100
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