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Treatment of shoulder sequelae in brachial plexus birth injury
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Background Many children with permanent brachial plexus
birth injury (BPBI) develop shoulder problems, with subsequent
joint deformity without treatment. We assessed the indications
and outcome of shoulder operations for BPBI.

Patients and methods 31 BPBI patients who had under-
gone a shoulder operation in our hospital between March 2002
and December 2005 were included in the study. Relocation of
the humeral head had been performed in 13 patients, external
rotation osteotomy of the humerus in 5 patients, subscapular
tendon lengthening in 5 patients, and teres major transposition
in 8 patients. Subjective results were registered. Shoulder range
of motion was measured, and function assessed according to the
Mallet scale. Magnetic resonance imaging (MRI) was performed
pre- and postoperatively. Glenoscapular angle (GSA) and per-
centage of humeral head anterior to the middle of the glenoid
fossa (PHHA) were measured. Congruency of the glenohumeral
joint (GHJ) was estimated. The mean follow-up time was 3.8 (1.7-
6.8) years.

Results At follow-up, the subjective result was satisfactory
in 30 of the 31 patients. There were 4 failures, which in retro-
spect were due to wrong choice of surgical method in 3 of these
4 patients. Mean increase in Mallet score was 5.5 after success-
ful relocation, 1.4 after rotation osteotomy, 2.2 after subscapular
tendon lengthening, and 3.1 after teres major transposition. Con-
gruency of the shoulder joint improved in 10 of 13 patients who
had undergone a relocation operation, with mean improvement
in GSA of 33° and mean increase in PHHA of 25%. There were
no substantial changes in congruency of the glenohumeral joint in
patients treated with other operation types.

Interpretation Restriction of the range of motion and mal-
position of the glenohumeral joint can be improved surgically in
brachial plexus birth injury. Remodeling of the joint takes place
after successful relocation of the humeral head in young patients.

u

The incidence of brachial plexus birth injury (BPBI) has been
calculated to be 3.1-3.8 per 1,000 live births, and the inci-
dence of BPBI-related posterior subluxation of the humeral

head 0.21-0.28 per 1,000 live births in recent population-
based Scandinavian studies (Dahlin et al. 2007, Poyhii et al.
2010). BPBI proceeds craniocaudally in babies born by vertex
presentation (99% of births in Finland according to National
Birth Register data); upper root injury appears in practically
all of these BPBI cases. Injured nerve roots C5-C6 result in
weakness of the external rotators, while internal rotators dom-
inate in most patients with BPBI. This muscle imbalance of
the affected shoulder can lead to posterior subluxation of the
humeral head, with subsequent deformity of the glenohumeral
joint (GHJ), leading to restricted external rotation of the arm
and diminished function.

In recent studies, posterior subluxation of the humeral head
has been detected with ultrasound as early as at 3 months of
age (Moukoko et al. 2004, Poyhii et al. 2010). Routine fol-
low-up of patients with permanent BPBI has been advocated
to prevent progression of posterior subluxation of the humeral
head to joint deformities.

MRI is of value for assessment of the degree of glenoid ret-
roversion and possible posterior subluxation of the humeral
head, as well as the condition of the muscles in children who
have already developed internal rotation contracture or incon-
gruency of the GHJ (Poyhia et al. 2005). This information is
important in selecting the optimal surgical technique for each
patient. Rebalancing soft tissue operations with tendon length-
ening and tendon transfers may be sufficient in patients with
minor changes of the GHJ. Muscle imbalance and shoulder
deformities have been treated with tendon lengthening and
muscle transfers (Gilbert et al. 1988, 1991, Narakas 1993,
Phipps and Hoffer 1995, Nath and Paizi 2007, Bertelli 2009).
Other authors believe that relocation of the humeral head
to improve the function of the shoulder is the most impor-
tant surgical intervention in young patients with incongruent
shoulders (van Sluijs et al. 2004, Kambhampati et al. 2006).
External rotation osteotomy is recommended in advanced gle-
nohumeral deformity with pseudoglenoid and posterior dis-
location of the humeral head in older patients (Goddard and
Fixsen 1984, Kirkos and Papadopoulos 1988, Al-Qattan 2002,
Waters and Bae 2006, Bae and Waters 2007).
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Figure 1. Treatment flow chart for brachial plexus birth injury with poor
active external rotation. GHJ = glenohumeral joint.
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In this prospective study we assessed the indication settings,
functional results, and glenohumeral congruity after surgical
treatment of shoulder impairment in BPBL.

Patients and methods

34 patients with permanent BPBI (20 boys) and impaired
shoulder function underwent surgery between March 2002
and December 2005 at the Hospital for Children and Adoles-
cents, Helsinki University Central Hospital. 2 of the patients
failed to attend a preoperative MRI study and were excluded
from the study. A third patient was excluded because the oper-
ation performed was not in accordance with the study design.
The extent of the BPBI in the remaining 31 patients was as fol-
lows: upper roots (C5-C6), 7 patients; upper and middle roots
(C5-C7), 15 patients; and total injury (C5-Thl), 9 patients.
Plexus reconstruction had been performed on 9 patients before
shoulder surgery (Table 1).

The primary goal of the treatment was to restore the gle-
nohumeral joint congruency in young patients. The second-
ary goal of the surgery was to improve motion of the shoul-
der. The tertiary indication for treatment was to optimize the
sector of movement of shoulder rotation in older patients with
deformed shoulder joint. The most important denominator in
selection of the operation method was congruency of the GHIJ,
estimated with clinical examination and measurements of gle-
noscapular angle (GSA) and percentage of humeral head ante-
rior to the middle of the glenoid fossa (PHHA). The treatment
flow chart is shown in Figure 1.

Young patients (aged 0.9-7.7 years, n = 13) with posterior
shoulder subluxation and deformity (median passive external
rotation preoperatively 0° (range —20 to 45, SE 6.6)) were
treated by relocation (GSA = —60 to —20°, PHHA = 4-40%)
of the humeral head through a deltopectoral incision. 11 of
the patients had a pseudoglenoid, and the remaining 2 had a
biconcave glenoid. In addition to subscapular tendon length-
ening and discision of the coracohumeral ligament, the cora-
coid process was shortened in 10 of these 13 patients. 4 of
the 10 patients with a successful relocation had an additional
operation later: a teres major transposition to infraspinous
muscle was performed in 3 patients and an internal rotation
osteotomy of the humerus in 1 patient.

External rotation osteotomy of the humerus was performed
above the deltoid tuberosity for older patients (age 5.7-14
years, n = 5) with preoperative median passive external rota-
tion of —20° (range —30 to 0) and with a deformed GHJ (GSA
=-60 to -35°, PHHA = -10 to 21%). The distal humerus was
externally rotated 30— 40°, and the osteosynthesis was per-
formed with a plate.

5 patients with internal rotation contracture (passive exter-
nal rotation between —20° and 0° and good active elevation
(140 -170°)), but without major shoulder joint deformity, were
treated by subscapular tendon lengthening through a deltopec-
toral incision.

8 patients with poor active elevation and/or poor external
rotation in abduction without major shoulder joint deformity
(limited active elevation (range 90—180°) and active external
rotation in abduction median 17.5° (range 0—45, SE 5.6) were
treated by teres major to infraspinous transposition. Subscapu-
lar tendon lengthening was performed in 3 of these patients
with concomitant internal rotation contracture.

Postoperative immobilization with a thoracobrachial cast
was used for mean 5 (3-7) weeks after relocation, 3—4 weeks
after subscapular lengthening, and 4-5 weeks after teres major
transposition, and with a collar and cuff for 3—4 weeks after
humeral osteotomy.

The opinion of the patient (aged > 7 years) or the parents
(children under 7 years of age) was recorded at the time of
final follow-up using a 3-scale system: “worse than preop-
eratively”, “no benefit”, or “better than before the operation”.
Possible complications were registered. External rotation in
adduction and abduction as well as elevation of the arm were
measured with a goniometer by a physiotherapist (PW), both
preoperatively and postoperatively. Functional assessment of
the shoulder was performed using the Mallet classification
(Mallet 1972). For MRI, the mean follow-up time was 3.8
(1.7-6.8) years.

Imaging

The affected shoulder of all patients was imaged with MRI
both pre- and postoperatively. Imaging studies were done
with a 1.5 T MRI unit (Siemens, Erlangen, Germany, or Phil-
ips Medical Systems, Achieva, Best, the Netherlands) with
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Table 1. Patient demographics with pre- and postoperative measurements

A B C D E F G H | J K

1 2.7 total 10 -60 -15 4 38 4 2 p G 0 10 90 45 R

2 0.9 C5-7 -60 -15 5 38 4 2 p G -20 50 90 80 RIE

3 4 C5-6 -55 -6 7 40 4 2 p G -15 20 70 70 Rb

4 4.7 C5-7 -50 —2 7 44 4 2 p c —20 45 120 75 Ra

5 3 C5-7 —47 47 5 5 4 4 p p 0 -20 145 180 R

6 7.7 C5-7 —47 47 17 15 4 4 p p —20 —20 180 180 R

7 3.5 C5-6 —-40 20 15 38 4 2 p G -20 0 110 160 R2

8 2.3 C5-7 —-40 -10 15 40 4 2 s @® -45 25 140 180 R

9 1.8 C5-7 -35 —1 28 40 4 2 s G 0 40 130 110 R
10 4 C5-7 6 -30 -2 23 44 3 1 p G -20 80 90 130 R
11 6.9 total -25 25 40 40 4 4 s s -20 0 180 180 R
12 4.7 total 3 —24 —4 17 47 4 2 p c —20 0 100 130 R
13 4.6 C5-7 4 -20 -10 31 36 3 2 s s -20 -30 110 180 R
14 14 total -60 60 -1 - 4 4 P p -10 15 95 120 0
15 5.7 C5-7 -50 -50 -10 -10 4 4 p p -20 20 100 100 (0]
16 7.8 C5-6 —45 45 14 10 4 4 p p —20 0 120 110 (6]
17 8.3 C5-7 -38 -38 18 34 4 4 p s -30 0 160 170 (0]
18 12 total -35 -35 21 21 2 2 ] ] —20 0 110 95 (6]
19 5.3 C5-7 -27 =27 20 10 4 4 p p -10 -20 140 180 ST
20 15 total 5 -15 -15 40 40 2 2 © G -20 0 160 180 ST
21 11 C5-7 -9 -2 36 45 1 1 G G -20 15 160 180 ST
22 5.7 C5-7 —7 —7 48 48 1 1 c c —20 0 170 170 ST
23 13 C5-6 -7 -3 38 45 1 1 G G -10 10 160 160 ST
24 515) C5-7 —21 -10 & 47 2 2 c c —20 0 150 170 T™M ¢
25 3.8 C5-7 -19 -5 48 48 2 2 G G 0 45 90 100 T™®©
26 5.2 total B -14 14 & 37 1 1 c c 0 0 90 180 ™
27 4.4 C5-6 5 -10 -5 46 50 2 2 G G 0 0 90 160 ™
28 7.4 C5-6 5 —7 —7 43 43 1 1 c c 0 —20 180 170 ™
29 4.6 total 5 -7 -7 48 46 1 1 G G -30 10 90 120 ™
30 11 total -5 —1 45 45 1 1 c c —20 20 160 180 T™M ¢
31 8.6 C5-6 -3 -3 54 53 1 1 G G 0 10 120 100 ™
A Case no.

B Age at surgery

C Roots injured

D Age (in months) at the time of plexus reconstruction
E Glenoscapular angle (GSA) (°) (preop. and postop.)

F Percentage of humeral head anterior to the middle of glenoid fossa (PHHA) (%) (preop. and postop.)
G Type of glenoid (1 = concentric, 2 = flat, 3 = biconcave, and 4 = pseudoglenoid) (preop. and postop.)

H Congruency of the glenohumeral joint (preop. and postop.)
¢ = congruent
s = subluxation of the humeral head
p = severely deformed, pseudoglenoid
| Active external rotation in adduction (°) (preop. and postop.)
J Elevation (°) (preop. and postop.)
K Type of operation
R = relocation
O = osteotomy
ST = subscapular tendon lengthening
TM = teres major transposition
2 additional teres major transposition operation later.
b additional osteotomy operation later.
¢ subscapular lengthening later.

a surface coil. During the MR examination, the patient was
in a supine position on the table with the arm alongside the
body. The following sequences were obtained (Siemens):
T1-weighted spin echo images in axial, oblique coronal, and
oblique sagittal planes (TR 817 ms, TE 20 ms, TA 6 min 2
s, matrix 220 x 256, FoV 160 x 138 mm) and T2*-weighted
2D gradient echo images in the axial plane (TR 944.3 ms, TE
25.8 ms, flip angle 30°, TA 4 min 2 s, matrix 256 x 256, FoV
220 x 220 mm). The corresponding parameters for the Philips

MRI unit were T1-weighted spin echo images in axial, oblique
coronal, and oblique sagittal planes (TR 500 ms, TE 15 ms,
TA 4 min, matrix 240 x 240, FoV 160 x 144 mm) and 3D
WATSc sequence in the axial plane (TR 20 ms, TE 7.7 ms,
flip angle 25°, TA 5 min 47 s, matrix 288 x 232, FoV 160 x
129 mm). Slice thickness was 2 mm in the Philips 3D WATSc
sequence and 4.0 mm in all other sequences. The measure-
ments were performed using the IMPAX for Orthopedics soft-
ware tool (Agfa-Gevaert Group, Mortsel, Belgium).
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Figure 2. Schematic image showing the measurement of glenoscapu-
lar angle (GSA) and the percentage of humeral head anterior to the
middle of the glenoid fossa (PHHA): i.e. (AB/AC) x 100%.

Glenoscapular angle (GSA) was measured by drawing 2
lines according to Friedman et al. (1992). The first line was
drawn between the anterior and posterior corners of the gle-
noid cartilage. A bisecting line was drawn from the medial
tip of the scapula to the midpoint of the glenoid. The angle
between the first line and the line along the axis of the scapula
was measured. GSA was obtained by subtracting 90° from the
posteromedial quadrant angle (Figure 2). The more negative
the GSA value, the worse the retroversion of the glenoid. In
the case of the pseudoglenoid, the posteriorly retroverted gle-
noid was measured as the angle of version (Figure 3). Percent-
age of humeral head anterior to the middle of the glenoid fossa
(PHHA), measured according to Waters et al. (1998), revealed
the percentage of the humeral head that was located anterior
to the line along the long axis of the scapula going through the
midpoint of the glenoid surface (Figure 2). Normally, approxi-
mately half of the humeral head is located anterior to the line
that runs along long axis of the scapula, passing through the
midpoint of the glenoid surface. In this normal situation, the
PHHA value is 50%. The worse the posterior subluxation, the
lower the PHHA value. The shape of the glenoid was classi-
fied according to Pearl et al. (2003) as being either normal
concentric, flat, biconcave, or pseudoglenoid. GHJ was classi-
fied as congruent, subluxated, or severely deformed, pseudog-
lenoid with the humeral head articulating with the deformed
posteriorly retroverted glenoid, which is in a different plane
from the normal glenoid.

Statistics

Values of ROM are shown as median (range) with SE values.
Data of summed Mallet scores were expressed with mean
values and standard deviations. Wilcoxon test has been used
to compare pre- and postoperative Mallet and GSA values in
different operation groups. Any value of p < 0.05 was consid-
ered significant.

12.06.2003

17.01.2007

Figure 3. Axial T1-W images of the right glenohumeral joint of a boy
with BPBI-related restricted external rotation. Relocation operation
performed at the age of 4 years. a) Preoperatively: pseudoglenoid with
severe retroversion of the right glenoid fossa, GSA = -55°; PHHA = 7%
at the age of 3 years and 4 months. b) Postoperatively: glenohumeral
joint with GSA = -6° and PHHA = 40% at the age of 7 years.

The study was approved by the ethics committee of the hos-
pital on March 2, 2001 (Dnr: 79/E7/2001) and informed con-
sent was obtained from the guardians of all children.

Results

Patient characteristics and outcome are presented in Table
1. One patient in the relocation group had a deep wound
infection requiring revision surgery. No other complications
occurred. After subscapular tendon lengthening, 1 patient did
not experience any improvement from the operation. All the
other patients or parents felt that they had benefited from the
operation.

13 patients underwent relocation of the humeral head. 2
patients over 6 years of age and 1 patient with immobilization
time that was too short (4 weeks) developed resubluxation of
the humeral head, and these were considered failed procedures
without major functional or radiological improvement. After
successful relocation (10/13), the median value of passive
external rotation postoperatively was 48° (range10-80, SE 8).
Active external rotation improved in 10 patients in adduction
(median increase 38° (range 10-100, SE 9)) and in abduc-
tion (median 48° (range 15-80), and elevation improved in
6 patients postoperatively (median 40° (range 30-70)). Mean
increase in summed Mallet score was 5.5 (SD 3.0) after the
successful relocation operations (Table 2 and Figure 4). All
patient-specific Mallet score values pre-and postoperatively
are given in Table 3. In 10 patients, mean improvement in
postoperative GSA was 33° (SD 14) and mean improvement
in postoperative PHHA was 25% (SD 10). The difference
between pre- and postoperative GSA values in the relocation
group was statistically significant (p = 0.005). The shape of
the glenoid improved in 10 patients postoperatively (9 flat, 1
concentric) (Figure 3).
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Table 2. Mean Mallet scores pre- and postoperatively
Abduction External rotation Hand to neck Hand to back Hand to mouth
Preop. Postop. Preop. Postop. Preop. Postop. Preop. Postop.  Preop. Postop.
Relocation 3.6 3.8 1.2 g2t 2.4 & e 2.7 3.0 21 BIcKE
Osteotomy 4.0 4 1.6 244 2.6 3.4 3.8 2.6 2.6 3.6
ST 4.2 4.8 1.0 2.2 3.2 402 3.8 3.4 3.2 3.2
™ 3.4 4.3 1.6 2.5 2.5 372 3.1 2.9 2.9 3.2
ST: subscapular tendom lengthening; TM: teres major to infraspinatus transposition.
a significant difference between pre- and postoperative values (Wilcoxon).
Mallet score 6.8)), whereas elevation (median 25° (range 10-90, SE13))
257w preop improved in 6 patients. GSA, PHHA, and shape of the glenoid
BN postop did not change after teres major transposition.
p = 0.003 p=0.1 p=0.07 p =0.02
ol {T B 1T 1T ]

Relocation

Osteotomy

Teres major to
infraspinatus
transposition

Subscapular tendon
lengthening

Figure 4. Mean values and standard deviations of summed Mallet
scores in different types of operations. Exact p-values are given for
statistical comparisons of pre-and postoperative measurements.

5 patients had humeral osteotomy at a mean age of 9.4
(SD 3.2) years. Median passive external rotation postopera-
tively was 30° (range 0-60, SE 10). The median increase in
active external rotation in adduction was 25° (range 2040,
SE 3.7) and in abduction it was 30° (range 25-45). Elevation
improved in 2 of these patients. No change in GSA values or
in the shape of the glenoid occurred after humeral osteotomy,
but one patient had an increased PHHA of 16%.

5 patients underwent a subscapular tendon lengthening
operation. Median passive external rotation postoperatively
was 45° (range —20 to 80, SE 17). 4 of these patients had
better active external rotation in adduction (median increase
20° (range 20-35, SE 3.7)) and in abduction (median 55°
(range 45-75, SE 6.6)) postoperatively; 3 had improved eleva-
tion (median 20° (range 2040, SE 6.6)). One of these patients
(patient number 19; see Table 1) should have been treated with
osteotomy. Subscapular tendon lengthening did not improve
GSA, PHHA, or shape of the glenoid.

8 patients had a teres major to infraspinatus transposi-
tion, 3 of whom also had subscapular tendon lengthening.
Median active external rotation in abduction was 73° (range
45-80, SE 6.0). 5 of these 8 patients showed improved active
external rotation in adduction (median 40° (range 1045, SE

Discussion

The aim of treatment of shoulder sequelae in BPBI is to
maintain or restore a congruent GHJ. The final outcome
after relocation of the humeral head is probably dependent
on the remodeling capacity of the growth area. El Gammal
et al. (2006) suggested that glenohumeral remodeling capac-
ity decreases after 4 years of age. This is analogous to the
correction of acetabular dysplasia by remodeling after treat-
ment of congenital dislocation of the hip; after 4 years of age,
this remodeling capacity is diminished (Kasser et al. 1985,
Lalonde et al. 2002). Our study supports this hypothesis: 2 of
our patients who failed to preserve the relocation and devel-
oped resubluxation without glenohumeral remodeling were
6.9 and 7.7 years old at the time of operation. In retrospect,
these patients should have been treated with osteotomy. Our
third patient with resubluxation had an immobilization time
that was too short.

In internal rotation contracture of the shoulder without
joint deformity, soft-tissue procedures should be sufficient to
improve external rotation (Jellicoe and Parsons 2008). Tendon
transfers have been proposed to stop the development of
shoulder deformity: Waters et al. (2005) found little improve-
ment in glenoid version and glenohumeral congruency after
latissimus dorsi and teres major tendon transfers to the rota-
tor cuff combined with appropriate extra-articular musculo-
tendinous lengthenings. Minor changes in glenoid version in
patients who have undergone corrective soft-tissue procedures
may be due to normal growth, and glenoid version may dimin-
ish by about 6° in childhood during the first 10 years accord-
ing to the study by Mintzer et al. (1996). Kozin et al. (2006)
evaluated the outcome in 23 children after latissimus dorsi and
teres major tendon transfers—clinically and with MRI—in a
1-year follow-up study. Functional outcome improved without
positive changes in glenoid version or congruency of the GHJ.
Our results confirm these findings; retroversion of the glenoid
improved only after relocation of the incongruent GHJ.
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Table 3. All patient-specific Mallet score values pre- and postoperatively

A B C D E F G H I
1 2.7 total 3 3 2 3 2 2 2 2 1 4 R
2 0.9 C5-7 3 3 1 4 2 4 2 3 1 4 Ra
3 4 C5-6 3 3 1 4 2 4 3 2 3 4 RbP
4 4.7 C5-7 4 3 1 4 2 4 2 3 2 4 Ra
5 3 C5-7 4 5 2 1 3 4 3 4 2 4 R
6 7.7 C5-7 5 5 1 1 4 4 4 3 4 3 R
7 35 C5-6 4 4 1 2 2 4 3 4 2 3 Ra
8 23 C5-7 4 5 1 4 3 4 4 4 3 4 R
9 1.8 C5-7 4 4 2 4 3 4 3 2 1 4 R
10 4 C5-7 3 4 1 4 3 4 2 4 2 4 R
11 6.9 total 5 5 1 2 4 5 4 4 4 4 R
12 4.7 total 4 4 1 2 2 3 2 2 2 2 R
13 46 C5-7 4 5 1 1 3 4 3 4 4 2 R
14 14 total 4 4 2 3 3 4 4 2 2 4 0
15 5.7 C5-7 4 4 2 3 2 2 4 2 2 2 o
16 7.8 C5-6 4 4 1 2 2 4 4 3 3 4 0
17 8.3 C5-7 4 4 1 2 3 4 4 4 4 4 o
18 12 total 4 4 2 2 3 3 3 2 2 4 0
19 53 C5-7 4 5 1 1 3 4 4 3 3 2 ST
20 15 total 4 5 1 2 3 4 3 2 2 2 ST
21 11 C5-7 4 5 1 3 3 4 4 4 4 4 ST
22 5.7 C5-7 5 5 1 2 3 4 4 4 3 4 ST
23 13 C5-6 4 4 1 3 4 4 4 4 4 4 ST
24 55 C5-7 4 4 1 2 3 4 4 3 3 4 T™ ¢
25 3.8 C5-7 3 4 2 4 2 4 3 2 3 4 T™M ¢
26 5.2 total 3 5 2 2 2 4 2 2 2 2 ™
27 4.4 C5-6 3 4 2 2 2 4 2 3 2 2 ™
28 7.4 C5-6 5 4 2 1 3 4 4 4 3 2 ™
29 46 total 3 4 1 3 2 3 2 2 4 4 ™
30 11 total 4 5 1 3 3 4 4 3 2 4 T™ ¢
31 8.6 C5-6 2 4 2 3 3 3 4 4 4 4 ™
A Case no.

B Age at surgery

C Roots injured

D Abduction (preop. and postop.)

E External rotation (preop. and postop.)
F Hand to neck (preop. and postop.)

G Hand to back (preop. and postop.)

H Hand to mouth (preop. and postop.)

| Type of operations (See Table 1)

Clinical assessment of whether the reduced humeroscapu-
lar external rotation is a result of muscle contracture or GHJ
incongruence is not always easy. Kon et al. (2004) concluded
that consistent patterns of deformity of the GHJ in BPBI
verified by intraoperative arthrography correlated with inter-
nal rotation contracture. They presumed that assessment of
glenoid deformity by arthrography or MRI will help in sur-
gical planning. Torode and Donnan (1998) proposed that all
children with BPBI and restricted external rotation should
undergo CT scanning to detect potential posterior disloca-
tion. We agree with the need for preoperative investigation in
planning of an optimal surgical strategy, but recommend MRI
instead of CT. The advantage of CT scanning is the shorter
imaging time, which may allow use of the scanning procedure
for cooperative children without anesthesia. However, young
children may still need sedation because it is unacceptable to
rescan due to motion artifacts. Furthermore, soft tissues are

not properly visualized with CT and bony outlines give only
indirect information about joint congruity, especially in small
children. Thus, MR is a superior technique in imaging BPBP
patients with shoulder sequelae since it is important to visu-
alize the cartilaginous joint surfaces and to evaluate muscle
pathology for preoperative planning.

The mean follow-up time of 3.8 years in our study is rela-
tively short. Pagnotta et al. (2004) have expressed concern
about the loss of clinical improvement, especially abduction in
longer follow- up periods after latissimus dorsi transfer. Loss
of initially achieved active external rotation by anterior release
and teres major and latissimus dorsi transfer was reported by
Kirkos et al. (2005) after a mean follow-up time of 30 years.

Various BPBI-related shoulder sequelae can be improved
surgically. The choice of operation depends on GHJ congru-
ency, presence of contractures, strength of the shoulder mus-
cles, and the age of the patient. Deformity of the shoulder can
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be successfully reversed with relocation of the humeral head
in patients who are younger than 5 years.

TP: collection and processing of data including assessment of MR images,
and writing of manuscript. AL: revision of the manuscript. JP: manuscript
preparation and revision. PW: ROM measurements pre- and postoperatively,
and follow-up of patients. YN: design of the study, data collection, surgical
methods, follow-up of patients, and preparation and revision of the manu-
script.

The authors thank Reino Poyhid, MD, PhD for advice and support with the
statistical analysis. This work was supported by grants from the Pehr Oscar
Klingendahl Foundation, the Maud Kuistila Foundation, the Radiological
Society of Finland, the Foundation for Pediatric Research, Finland, and the
Piivikki and Sakari Sohlberg Foundation.

No competing interests declared.

Al-Qattan M M. Rotation osteotomy of the humerus Erb’s palsy in children
with humeral head deformity. J Hand Surg 2002; 27 (3): 479-83.

Bae D S, Waters P M. External rotation humeral osteotomy for brachial plexus
birth palsy. Tech Hand Upp Extrem Surg 2007; 11 (1): 8-14.

Bertelli J A. Lengthening of subscapularis and transfer of the lower trapezius
in the correction of recurrent internal rotation contracture following obstet-
ric brachial plexus palsy. J Bone Joint Surg (Br) 2009; 91: 943-8.

Dahlin L B, Erichs K, Andersson C, Thornqvist C, Backman C, Diippe H,
Lindqvist P, Forslund M. Incidence of early posterior shoulder dislo-
cation in brachial plexus birth palsy. J Brachial Plex Peripher Nerve
Inj 2007; 2: 24. Available at: http://www.JBPPNI.com/content/2/1/24.
doi:10.1186/1749-7221-2-24.

El-Gammal T A, Saleh W R, El-Sayed A, Kotb M M, Imam H M, Fathi N A.
Tendon transfer around the shoulder in obstetric brachial plexus paralysis:
clinical and computed tomographic study. J Pediatr Orthop 2006; 26 (5):
641-6.

Friedman R J, Hawthrone K B, Genez B M. The use of computerized tomog-
raphy in the measurement of glenoid version. J Bone Joint Surg (Incorpo-
rated) 1992; 74: 1032-7.

Gilbert A, Romana C, Ayatti R. Tendon transfers for shoulder paralysis in
children. Hand Clin 1988; 4: 633-42.

Gilbert A, Brockman R, Carlioz H. Surgical treatment of brachial plexus birth
palsy. Clin Orthop 1991; (264): 39-47.

Goddard N J, Fixsen J A. Rotation osteotomy of the humerus for birth injuries
of the brachial plexus. J Bone Joint Surg (Br)1984; 66: 257-9.

Jellicoe P, Parsons S J. Brachial plexus birth palsy. Curr Orthop 2008; 22:
289-94.

Kambhampati S B S, Birch R, Cobiella C, Chen L. Posterior subluxation and
dislocation of the shoulder in obstetric brachial plexus palsy. J Bone Joint
Surg (Br) 2006; 88: 213-9.

Kasser J R, Bowen J R, MacEwen G D. Varus derotation osteotomy in the

treatment of persistent dysplasia in congenital dislocation of the hip. J
Bone Joint Surg (Am) 1985; 67: 195-202.

Kirkos J M, Kyrkos M J, Kapetanos G A, Haritidis J H. Brachial plexus palsy
secondary to birth injuries long-term results of anterior release and tendon
transfers around the shoulder. J Bone Joint Surg (Br) 2005; 87: 231-5.

Kirkos J M, Papadopoulos I A. Late treatment of brachial plexus palsy sec-
ondary to birth inju ries: Rotational osteotomy of the proximal part of the
humerus. J Bone Joint Surg (Am) 1998; 88: 1477-83.

Kon D S, Darakjian A B, Pearl M L, Kosco A E. Glenohumeral deformity in
children with internal rotation contractures secondary to brachial plexus
birth palsy: intraoperative arthrographic classification. Radiology 2004;
231: 791-5.

Kozin S H, Chafetz R S, Barus D, Filipone L. Magnetic resonance imaging
and clinical findings before and after tendon transfers about shoulder in
children with residual brachial plexus birth palsy. J Shoulder Elbow Surg
2006; 15 (5): 554-61.

Lalonde F D, Frick S L, Wenger D R. Surgical correction of residual hip
dysplasia in two pediatric age-groups. J Bone Joint Surg (Am) 2002; 84:
1148-56.

Mallet J. Traitement des séquelles a) Primauté du traitement de 1°épaule.-
Methode d’expression des resultats. Rev Chir Orthop 1972; 58: 166-8.

Mintzer C M, Waters P M, Brown D J. Glenoid version in children. J Pediatr
Orthop 1996; 16: 563-6.

Moukoko D, Ezaki M, Wilkes D, Carter P. Posterior shoulder dislocation in
infants with neona tal brachial plexus palsy. J Bone Joint Surg (Am) 2004;
86: 787-93.

Narakas A O. Muscle transpositions in the shoulder and upper arm for
sequelae of brachial plexus palsy. Clin Neurol Neurosurg (suppl) 1993;
95: S89-91.

Nath R K, Paizi M. Improvement in abduction of the shoulder after recon-
structive soft-tissue procedures in obstetric brachial plexus palsy. J Bone
Joint Surg (Br) 2007; 89: 620-6.

Pagnotta A, Haerle M, Gilbert. A. Long-term results on abduction and exter-
nal rotation of the shoulder after latissimus dorsi transfer for sequelae of
obstetric palsy. Clin Orthop 2004; (425): 199-205.

Pearl M I, Edgerton B W, Kon D S, Darakjian A B, Kosco A E, Kazimiroff
P B, Burchette R J. Com parison of arthroscopic findings with magnetic
resonance imaging and arthrography in children with glenohumeral defor-
mities secondary to brachial plexus birth palsy. J Bone Joint Surg (Am)
2003; 85: 890-8.

Phipps G J, Hoffer M. Latissimus dorsi and teres major transfer to rotator cuff
for Erb’s palsy. J Shoulder Elbow Surg 1995; 4: 124-9.

Poyhida T H, Nietosvaara Y, Remes V M, Kirjavainen M O, Peltonen J I, Lam-
minen A E. MRI of rotator cuff muscle atrophy in relation to glenohumeral
joint incongruence in brachial plexus birth injury. Pediatr Radiol 2005; 35:
402-9.

Poyhid T H, Lamminen A L, Peltonen J I, Kirjavainen M O, Willamo P J,
Nietosvaara Y. Brachial plexus birth injury: US screening for glenohumeral
joint instability. Radiology 2010; 254: 253-60.

Torode I, Donnan L. Posterior dislocation of the humeral head in association
with obstetric paralysis. J Pediat Orthop 1998; 18: 611-5.

van der Sluijs J A, van Ouwerkerk W J R, de Gast A, Nollet F, Winters H,
Wauisman P 1J M. Treatment of internal rotation contracture of the shoulder
in obstetric brachial plexus lesions by subscapular tendon lengthening and
open reduction: early results and complications. J Pediatr Orthop B 2004;
13:218-24.

Waters P M, Bae D S. Effect of tendon transfers and extra-articular soft-tissue
balancing on glenohumeral development in brachial plexus birth palsy. J
Bone Joint Surg (Am) 2005; 87: 320-5.

Waters P M, Bae D S. The effect of derotational humeral osteotomy on global
shoulder function in brachial plexus birth palsy. J Bone Joint Surg (Am)
2006; 88: 1035-42.

Waters P, Smith G, Jaramillo D. Glenohumeral deformity secondary to bra-
chial plexus birth palsy. J Bone Joint Surg (Am) 1998; 80: 668-77.



