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OBJECTIVE: A systematic follow-up of infants with an obstetric brachial plexus lesion
of C5 and C6 or the superior trunk showing satisfactory spontaneous recovery of
shoulder and arm function except for voluntary shoulder exorotation, who underwent
an accessory to suprascapular nerve transfer to improve active shoulder exorotation, to
evaluate for functional recovery, and to understand why other superior trunk functions
spontaneously recover in contrast with exorotation.
METHODS: In 54 children, an accessory to suprascapular nerve transfer was per-
formed as a separate procedure at a mean age of 21.7 months. Follow-up examinations
were conducted before and at 4, 8, 12, 24, and 36 months after operation and included
scoring of shoulder exorotation and abduction. Intraoperative reactivity of spinatus
muscles and additional needle electromyographic responses were registered after
electrostimulation of suprascapular nerves. Histological examination of suprascapular
nerves was performed. Trophy of spinatus muscles was followed by magnetic reso-
nance imaging scanning. The influence of perinatal variables and results of ancillary
investigations on outcome were evaluated.
RESULTS: Exorotation improved from 70 degrees to functional levels exceeding 0 degrees,
except in two patients. Abduction improved in 27 patients, with results of 90 degrees or more
in 49 patients. Electromyography at 4 months did not show signs of denervation in 39 out of
40 patients. Intraoperative electrostimulation of suprascapular nerves elicited spinatus muscle
reaction in 44 out of 48 patients. Histology of suprascapular nerves was normal. Preoperative
magnetic resonance imaging scans showed only minor wasting of spinatus muscles in contrast
with major wasting after successful operations.
CONCLUSION: An accessory to suprascapular nerve transfer is effective to restore active
exorotation when performed as the primary or a separate secondary procedure in children
older than 10 months of age. Contradictory spontaneous recovery of other superior trunk
functions and integrity of suprascapular nerves, as well as absence of spinatus muscle wasting
direct to central nervous changes are possible main causes for the lack of exorotation.

KEY WORDS: Accessory nerve, Brachial plexus, Nerve transfer, Plexus neuropathies, Shoulder,
Suprascapular nerve
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An obstetric brachial plexus lesion
(OBPL) is a stretch injury to the bra-
chial plexus and can be classified ac-

cording to Narakas (13) (Table 1). Microsurgi-
cal reconstruction is indicated in severe
lesions with insufficient spontaneous recov-
ery. In Group 1 lesions, with damage of C5
and C6 or the superior trunk (Table 1), shoul-

der function, elbow flexion, and forearm su-
pination are more or less limited. The main
criterion for surgery is a failure to recover
biceps function at 4 months (4, 6, 14, 23). In a
number of children, spontaneous recovery of
biceps function at 4 to 6 months may be suf-
ficient to disqualify from the criteria for sur-
gery. However, a striking and complete lack
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of active shoulder exorotation persists despite ongoing im-
provement of other shoulder and arm functions. It is poorly
understood why suprascapular nerve (SSN) and infraspinatus
muscle function, as expressed by shoulder exorotation, do not
recover, whereas other functions related to the superior trunk
do recover. To restore active shoulder exorotation, an acces-
sory nerve (XIN) to SSN transfer is a treatment option (3, 7, 14,
17, 20). However, if performed as part of the primary recon-
struction for an OBPL, results tend to be disappointing (14).
The SSN is a pure motor nerve that innervates the infra- and
supraspinatus muscles, of which the first is the main shoulder
exorotator. It is a branch of the superior trunk, which forms
from both anterior and posterior divisions (28) of the Vth and
VIth cervical nerve roots. We report on the results and
follow-up of 54 children who underwent an XIN to SSN
transfer as a primary and single procedure or as a separate
secondary procedure. Possible causes of failure to spontane-
ously recover active shoulder exorotation are discussed.

MATERIALS AND METHODS

Fifty-four children with a Group 1 OBPL treated between
1998 and 2004 were included in our study. Forty-five children
were presented and treated at the Vrije Universiteit University
Medical Centre in Amsterdam, The Netherlands, and nine at
the Children’s Hospital in Linz, Austria. Of this group, 47
children had sufficient recovery of biceps and deltoid function
at 4 to 6 months to justify conservative treatment. During a
baseline phase before operative treatment, all children re-
ceived an intensive program of weekly physiotherapy and
daily exercises directed at stimulation of active shoulder exo-
rotation and preserving passive shoulder mobility. However,
at repeated measurements, in which subjects served as their
own controls, they failed to recover any active exorotation.
From the age of 3 or 4 months, the children were followed at
intervals of 4 months until ages of 10 months and older before
operative treatment by XIN to SSN transfer was considered
and performed. Seven out of the 54 children, fulfilling the
criteria for early surgery, underwent brachial plexus explora-

tion between the fourth and sixth months of age (4, 6, 23). One
neurolysis and six reconstructions with grafts from C5 or C6
nerve roots to the distal superior trunk and SSN were per-
formed after resection of large traumatic neuromas. Because
recovery of shoulder and arm function was comparable with
the spontaneous recovery in the 47 conservatively treated
patients but without improvement of exorotation, these oper-
ative cases were included. These seven children were followed
for at least a year after initial surgery before deciding to
perform a XIN to SSN transfer as a separate, secondary pro-
cedure. All patients were followed and operated on by the
same pediatric neurosurgeon (WJRVO). Postoperative
follow-up examinations were conducted every 4 months dur-
ing the first year, every 6 months during the second year, and
at the end of the third year.

The following patient characteristics were registered: sex,
side of lesion, first or later delivery, type of delivery, position
of the child during delivery, complications during pregnancy,
associated birth lesions, birth weight, and age at first presen-
tation in our brachial plexus clinics. The results of three-
dimensional continuous interference in steady-state magnetic
resonance imaging (MRI) scans (26) and of needle electromyo-
graphy performed in children with still insufficient recovery
in the fourth month, previous plexus exploration, patient’s age
at the time of surgery, whether or not a combined shoulder
release had been performed, and the response of infra- and
supraspinatus muscle after intraoperative electrostimulation
of the SSN were also noted. In three patients, MRI scans of the
shoulder were performed to compare muscle trophy of rele-
vant infra- and supraspinatus muscles with the nonaffected
side. In two of those, MRI scans were made 4 and 3 years
before the nerve transfer and in all three children 1 day before
and 2 years after the nerve transfer.

Two investigators (neurosurgeon and physiatrist) scored
degrees of passive and active shoulder exorotation (normal
range, 70–80 degrees) with the upper arm gently held in
adduction by the investigators and the elbow actively flexed in
90 degrees, degrees of active abduction (range, 0–160 degrees),
forearm supination (range, 0–80 degrees), and passive elbow

TABLE 1. Narakas classification of obstetric brachial plexus lesionsa

Classification OBPL Lesion Clinical presentation

Group 1 C5, C6, or superior trunk Paralysis of deltoid
Shoulder exorotation and biceps

Group 2 C5, C6, or superior trunk, C7 or medial
trunk

Idem Group 1, with paralysis of extension of elbow, wrist and digits;
typical �waiter tip� hand

Group 3 C5, C6, or superior trunk, C7 or medial
trunk, incomplete C8, T1 or inferior trunk

Virtually complete paralysis of upper extremity except for some
finger flexion

Group 4 Complete plexus Complete flaccid paralysis of upper extremity; Horner sign
Group 4, dominant C7 C7 or medial trunk; other incomplete

plexus structures
Paralysis of shoulder adduction and elbow extension, mostly in
different degree of wrist and finger extension; various incomplete
muscle deficits

a OBPL, obstetric brachial plexus lesions.
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extension. Active motion was always scored against gravity,
with the child in the sitting or standing position. First clinical
evidence of active exorotation was documented, as was the
shortest postoperative interval to reach the maximal individ-
ual result for shoulder exorotation and abduction. Shoulder
function was additionally scored using the modified Mallet
scale for abduction, exorotation, and hand-to-mouth move-
ment (Fig. 1) (6). In infants, the hand-to-head and hand-to-
back movements are difficult to provoke and were, therefore,
not assessed.

Cumulative survival curves as a function of time to reach a
certain threshold in active exorotation were generated with
the Kaplan-Meier method. Several thresholds (0, 20, and 40
degrees) were analyzed. Patients who did not reach that
threshold during follow-up were censored at the time of the
last visit. Differences between subgroups with respect to
reaching these thresholds were compared using the log-rank
test. Statistical significance was defined by a P value of less
than 0.05. All statistical analyses were performed with SPSS
for Windows (SPSS, Inc., Chicago, IL).

Operative Procedure

Through a 3-cm supraclavicular skin incision, the XIN was
explored from the upper anterior rim of the trapezius muscle,
then traced and a branch cut distally from the muscle, trans-
ferred, and neurotized with fibrin glue to the SSN, which was
cut just after branching off from the superior trunk. Electrical
nerve stimulation (single-use Neuro-Pulse surgical nerve lo-
cator; Bovie Aaron Medical, St. Petersburg, FL) with stimulus
at 0.5 or 1 mA was used to check for motor response in the
infra- and supraspinatus muscles and the trapezius muscle
before severing the nerves. Reaction was positive when move-

ment of the shoulder occurred and muscle contraction was
palpated over the spinatus muscles. To document the proce-
dure, additional intraoperative needle electromyographic re-
sponses in infra- and supraspinatus muscles were recorded,
and histology was performed of the proximal part (0.5 cm) of
the SSN in five patients. One patient previously underwent
grafting from C6 to the distal superior trunk and SSN in the
presence of an avulsion of the Vth cervical nerve; the other
four patients have been, thus far, treated conservatively.

If there was a more than 50 degrees restriction of passive
motion for exorotation with the upper arm in adduction, a
shoulder release by subscapular tendon lengthening and re-
position of the humeral head was performed simultaneously
(24). The head, shoulder, and arm were immobilized for 3
weeks in a Scotchcast plaster with the arm positioned in
approximately 30 degrees abduction and different degrees of
exorotation, depending on the possible passive mobility and
to prevent worsening of the range of passive endorotation (20,
22, 24). Procedures take approximately 45 minutes, and pa-
tients can be released on the day of operation. Instructions
were given for weekly physiotherapy and daily exercises by
the parents to prevent endorotation contractures and to stim-
ulate active exorotation.

RESULTS

Patient characteristics are summarized in Table 2. Most chil-
dren (40 out of 54 patients) affected were born from multipa-
rous mothers. Pregnancy was complicated by diabetes in two
and hypertension in one, whereas one mother underwent
appendectomy in the 20th week. Duration of pregnancy
ranged from 32 to 43 weeks (mean, 39.5; median, 40 wk). Birth
weight ranged from 1670 to 5080 g, (mean, 4058 g; median,
4165 g). Associated lesions consisted of isolated clavicula frac-
tures (five homolateral, one contralateral, one bilateral), or in
combination with a hematoma in the sternocleidomastoid
muscle (n � 1), a phrenic nerve lesion (n � 1), or bilateral
OBPL (n � 1). Other isolated lesions were hematomas in the
sternocleidomastoid muscle (n � 4) or the affected arm (n �
1). The age at first presentation of children in our plexus clinics
ranged from 1 to 75 months (mean, 7.0 mo; median, 3.0 mo).
Electromyography at 4 months, performed in 40 patients,
showed signs of denervation of spinatus muscles in one pa-
tient. The three-dimensional continuous interference in
steady-state MRI studies showed pseudomeningoceles at rel-
evant levels of C5 or C6 in 21 out of 40 patients. The age at
which an accessory to SSN transfer was performed ranged
from 6 to 84 months (mean, 21.7 mo; median, 15.0 mo). To
relieve an internal rotation contracture, a simultaneous, com-
bined shoulder release was necessary in 14 patients (mean age,
28.9 mo; median, 19.5 mo; range, 9–80 mo). At electrostimu-
lation of the SSN, the majority of patients (81%; 44 patients)
showed a clear motor reaction in the infra- and supraspinatus
muscles, and in six patients, the response was not docu-
mented, although electrostimulation is routinely performed.
Four patients showed no response. Intraoperative electromyo-

FIGURE 1. Illustration demonstrating the modified Mallet scale for
shoulder function. The “trumpet sign� is demonstrated in the hand-to-
mouth scale with Score II and is less pronounced in Score III. The hand-
to-head and hand-to-back scales are not pictured.
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graphy of the infra- and supraspinatus muscles, performed in
five cases, showed normal muscle action potentials (Fig. 2).
Histology of the SSN in the child who underwent plexus
reconstruction and grafting earlier showed normal myelina-
tion. The same holds true for four children who have been
treated conservatively thus far (Fig. 2). Duration of follow-up

was 36 months in 15 children, 24 months in 15 children, 1 to 2
years in 17 children, and less than 1 year in seven children.

Recovery of Active Exorotation

Effects of the nerve transfer on active exorotation during
postoperative follow-up are shown in Tables 3, 4, and 5 and
Figures 3 and 4. At the 4-month follow-up examination, 39
(72%) patients showed an improvement of active exorota-
tion of at least 20 degees. At 8 month follow-up examina-
tion, four patients out of 52 (8%), and at 12 months, one
patient out of 47 (2%) did not yet show any improvement.
All four patients who did not show signs of recovery at 8
months had a total follow-up period of at least 24 months.
In 39 patients, recovery was already present at the first
follow-up visit, 4 months after surgery. In 15 patients, re-
covery was delayed without affecting the ultimate recovery.

Table 5 shows the categories of maximally reached shoul-
der exorotation at respective mean and median times of
postoperative follow-up. The times to reach functional re-
sults for exorotation (range of motion improving from -70 to
at least 0 degrees or more) for the median of the study
group are represented in Table 4. Of the total group of 54
children, four patients had insufficient active exorotation,
i.e., less than 0 degrees, at their final follow-up visit. How-
ever, of these, one child improved after secondary release of
a passive shoulder deficit. None of the characteristics listed
in Table 2 significantly affected the time to reach any of the
analyzed thresholds in active exorotation except for instru-
mental delivery to reach 0 or 20 degrees (P � 0.05, log-rank
test).

There was no significant difference in response to the nerve
transfer for different age groups. Children younger than 12
months (15 patients) or older than 12 months (39 patients), or
younger than 18 months (33 patients) or older than 18 months

TABLE 2. Characteristics of 54 children with obstetric brachial plexus lesions and residual lack of active shoulder exorotationa

Sex Lesion side Child number
Birth weight

(mean, 4051 g;
median, 4160 g)

Position Delivery
Pregnancy duration
(median, 40.0 wk)

Female Male Left Right First >2nd <4 kg >4 kg
Head
first

Breech Spontaneous Instrumental <40 wk >40 wk

25 29 19 35 14 40 22 32 44 10 39 15 37 17

Pregnancy
complications

Associated
birth

lesion(s)
3-D CISS-MRI

Age at operation N.XI–
N.SS (mean, 21.7 mo;

median, 15.0 mo)

Shoulder
release

combined

Reaction muscle
to

electrostimulus

Yes No Yes No Normal
Lesion

C5 or C6
Lesion not
C5 or C6

Not
performed

<12 mo >12 mo Yes No Yes No ?

4 50 15 39 21 10 8 15 15 39 14 40 44 4 6

a3-D, three-dimensional; CISS, continuous interference in steady state; MRI, magnetic resonance imaging; N.XI –N.SS; accessory nerve to suprascapular nerve
transfer; ?, response not documented.

FIGURE 2. Specimen of proximal SSN of two patients obtained during acces-
sory to SSN transfer. A, Klüver stain showing normally sized myelinated nerve
fibers in a child aged 16 months who was previously conservatively treated. B,
Bodian stain showing normally sized axons in a child aged 6.5 years, 6 years after
grafting the VIth cervical root to the superior trunk. C, intraoperative needle
electromyography in the same patient. Motor response in the supra- (upper) and
infraspinatus muscle after a single stimulation of SSN (calibration, 3 ms and 5
mV per division).
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(21 patients) of age at operation reached similar active range of
exorotation within corresponding time of follow-up.

The six children who underwent the nerve transfer as a
secondary procedure after primary plexus reconstruction
showed a tendency not to reach end values over 40 degrees
exorotation. Two patients reached 20 to 40 degrees, two others
0 to 20 degrees, and two, who had a short follow-up period of
8 months or less, did not reach 0 degrees. The child who
underwent a neurolysis as primary procedure reached 70
degrees of active exorotation.

Passive Shoulder Exorotation

At the end of the follow-up period, 12 patients had a
passive range of motion of 45 degrees or less (range, 10–45
degrees). In one child, a serious passive deficit of 70 degrees
(range, �70 to 10 degrees) seemed to restrict obtained active

motion to �20 degrees. After a shoulder release performed
at 24 months, the child showed improvement of active
exorotation to 0 degrees and passive exorotation to
60 degrees.

Active Shoulder Abduction

At the time of operation, 46 (85%) children had active
abduction of at least 90 degrees (Table 6). During the follow-up
period, abduction improved in 27 (50%) children and re-
mained unchanged in 26 (48%). Active abduction of less than
90 degrees persisted in six patients. In one child, abduction
worsened from 45 to 30 degrees.

Active supination of the forearm showed a deficiency of 20
to 45 degrees in nine patients, and more than 45 degrees in two
patients. Most children (80%; 43 patients) had a near normal or
normal range of supination from 0 to 60 or 80 degrees.

Passive extension deficits of the elbow were present in 15
patients and ranged between 5 and 10 degrees in nine
patients, between 10 and 20 degrees in four, and was more
than 20 degrees in two out of the 54 children. Except for two
children, there were no combined severe deficiencies for
range of movement for active exorotation, active supina-
tion, or passive elbow movement. One child had a com-
bined deficiency of 30 degrees for passive elbow extension
and active supination (range, 0–50 degrees), but had an
improved active exorotation to 45 degrees. Another child
had this combination with 20 degrees deficiency for elbow
extension, 40 degrees for supination (range, 0–40 degrees),

TABLE 5. Results at last follow-up visits of active exorotation in 54 children after accessory to suprascapular nerve transfera

<0 degrees
>0 to <20

degrees
>20 to <40

degrees
>40 degrees Mallet Mallet Mallet

Exo Exo Exo Exo Exo II Exo III Exo IV

No. of patients (n � 54) 4 11 15 24 4 11 39
Mean first max exo (mo) 12 10 14.7 17.2 - 16.6 12.2
Median first max exo (mo) 10 18 12 18 - 8 12
Range to reach first max exo (mo) 4–24 8–36 8–24 8–36 - 4–12 4–36

a Exo, exorotation; max, maximum; -, not applicable.
b Because postoperative follow-up ranged from 4 months to several years, individual maximum values for exoration are not fixed and may change during further
follow-up (Fig. 3, survival curve).

TABLE 4. Median time in months to reach functional
exorotation

Active exorotation
(degrees)

Time (mo)

0 4
20 12
30 18
40 24

TABLE 3. Follow-up in degrees of exorotation with arm in adduction in patients after accessory to suprascapular nerve transfera

Active exorotation �70 to 50 degrees > �50 to 20 degrees > �20 to 0 degrees >0 degrees Improved

No. of patients at operation 54 54 0 0 0 —
No. of patients at 4 months FU 54 15 5 6 28 39/54
No. of patients at 8 months FU 52 4 1 4 43 48/52
No. of patients at 12 months FU 47 1 1 1 44 46/47
No. of patients at 24 months FU 30 0 0 1 29 30/30

aFU, follow-up. At operation, exorotation was �70 degrees in all patients.
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but also a bad result, with only -20 degrees, for active
exorotation (the same child as mentioned under passive
exorotation).

Mallet Score

In Table 7, the Mallet score registered just before operation
and at the individual end of the follow-up period is repre-
sented. In the hand-to-mouth movement, a more or less pro-
nounced trumpet sign is still present in 17 patients. The scores
for abduction and exorotation are congruent to the values in
Tables 5 and 6.

MRI Scan of Shoulder Muscles

In three patients, MRI scans of shoulder muscles showed
lower, but still considerable, muscle volumes of spinatus mus-
cles on the affected side, with some atrophy as compared with
the nonaffected side in preoperative investigations (Fig. 5). At
2 years after accessory nerve to SSN transfer, muscle volume
was diminished with more extensive muscle wasting as com-
pared with the nonaffected side.

DISCUSSION

In children with an OBPL, who mainly fail to recover active
shoulder exorotation, indication, timing, and method of oper-
ative treatment to restore this function is a matter of debate (8,
14, 15, 27). Tendon, muscle, or nerve transfers are treatment
options (14, 20, 22, 27). In this study of 54 children, we chose
to perform an XIN to SSN transfer preferably between the age
of 10 to 16 months. Evaluation of active exorotation as solitary
movement is best performed to conform to the description by
Pondaag et al. (14). Commonly used scoring systems include
other shoulder movements as well and do not describe exo-
rotation specifically (4, 6, 7, 23). Functional results for exoro-
tation and improvement of abduction were remarkable.

FIGURE 3. Graph demonstrating active exorotation during the follow-up
period after accessory to SSN transfer. One group (39 patients) shows early
recovery at 4 months (straight line), and another (15 patients) showed
delayed recovery (dotted line). The end results of both groups are comparable.

FIGURE 4. Survival curves showing the percentage of patients not reaching
0 degrees (A), 20 degrees (B), and 40 degrees (C) of active exorotation during
the follow-up period after accessory to SSN transfer.

ACCESSORY NERVE TO SUPRASCAPULAR NERVE TRANSFER
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Simultaneous subscapular tendon lengthening to treat in-
ternal rotation contracture and to relieve passive deficit for
exorotation in 14 patients was a prerequisite to allow regain-
ing active exorotation to reach optimal individual results (22).
Because no active exorotation was present before operation, it
is not a confounder in the evaluation.

Because the nerve transfer does not interfere with other
shoulder functions, we prefer to first perform nerve surgery to
achieve an active motor function, targeting the muscles most
appropriate and meant by nature to effect this motion. Even
older children have sufficient spinatus muscle volume and
electromyographic responses to justify this as a first proce-
dure. Alternate treatment as tendon and muscle transfers are
only considered as a second option in children older than 6
years of age. Disadvantages are that original functions of
muscles are sacrificed, that results of these procedures vary,
and that long-term results are disappointing (3, 8, 20, 27).

Functional Recovery

Active shoulder exorotation in babies can be observed early
in the first month and provoked in the third to fourth month
as soon as they start to grasp and reach for objects. Lack of
active exorotation implies serious functional limitations for
the affected upper limb. Activities such as eating, writing,
dressing, or combing hair may be hampered or impossible. To
be able to put the hand to the mouth with adducted elbow,
exorotation with a minimal range of -70 to 0 degrees is re-

quired. To compensate for the lack of exorotation, the flexed
upper arm will be abducted 90 degrees or more to reach the
mouth (the so-called “trumpet sign,” Fig. 1). To be able to
reach the back of the head, some exorotation is required
because this cannot be compensated by increased abduction
and shoulder retraction. With prolonged lack of exorotation
and in the presence of muscular imbalance, secondary endo-
rotation contractures and shoulder deformities, such as retro-
version of the humeral head, may develop (20, 24).

TABLE 6. Active abduction against gravity in degrees at operation and at the last follow-up examination after accessory to suprascapular
nerve transfer

Abduction at last follow-upAbduction at time of operation (no.)

<40 degrees >40 to <90 degrees 90 degrees >90 to <120 degrees >120 degrees

�40 degrees 2 1 1
�40 to �90 degrees 6 1 3 1 1
90 degrees 14 5 6 3
�90 to �120 degrees 16 4 12
�120 degrees 16 16a

Total 54 2 4 6 10 32

a In total, 27 patients improved, of which three patients improved 30 degrees or more within the best group (�120 degrees).

TABLE 7. Mallet scores for shoulder abduction, exorotation,
and hand-to-mouth movement just before operation and
maximum results in 54 children

At time of operation Maximum result
Mallet score

II III IV II III IV

Abduction 1 21 32 0 12 42
Exorotation 54 0 0 4 10 40
Hand-to-mouth 54 0 0 7 10 37

FIGURE 5. MRI scans of shoulder at the level of infraspinatus muscles
(arrows) in a child lacking spontaneous recovery of exorotation. A, at 4
months of age. B, at 3.5 years of age, 1 day before accessory to SSN trans-
fer. C, at 5.5 years of age, 2 years after surgery. A, size of the infraspina-
tus muscle on the affected, right side (open arrow) is comparable with the
left side. B, there is some muscle wasting but not as pronounced as 2
years after the surgery (C), when the active exorotation has recovered.

VAN OUWERKERK ET AL.

864 | VOLUME 59 | NUMBER 4 | OCTOBER 2006 www.neurosurgery-online.com



The objective to gain functional shoulder exorotation was
obtained in 50 out of 54 patients. The improvement of abduc-
tion that we observed in 50% of the patients can be explained
by the contribution of the reinnervated supraspinatus muscle,
either in combination with a simultaneous, progressive in-
crease in strength of the deltoid muscle or not. It could not be
shown to what extent deficits of passive exorotation caused by
endorotation contractures and shoulder deformities relate to
deficits in active motion or how passive deficits may restrict
the range of active motion for exorotation.

The observed deficit for passive elbow extension in 15 pa-
tients is presumably caused by a combination of a prolonged
characteristic position of the arm in endorotation and slight
flexion as well as progressive strength and dominance of
elbow flexion over extension. With adducted shoulder, theo-
retically, the long head of the triceps muscle can act as a weak
exorotator, but only when antagonized by forceful elbow flex-
ion to eliminate its active elbow extension. Such a cocontrac-
tion is not observed and seems unlikely to explain the elbow
flexion contractures.

Contradictory Observations

Children showed spontaneous recovery of most func-
tions of C5 and C6 or superior trunk within 4 months. The
spinatus muscles showed some, but not extensive, muscle
atrophy at the time of the preoperative physical examina-
tion and on MRI scans. There were no demonstrable signs of
denervation on electromyography performed at 4 months of
age, and, in the majority of patients, intraoperative electro-
stimulation of the SSN clearly elicited motor reactions in the
infra- and supraspinatus muscles. In addition, intraopera-
tive electromyography convincingly demonstrated normal
muscle action potentials in five examined patients (Fig. 2),
even in a child who previously underwent plexus explora-
tion with transsection and grafting of the SSN in the pro-
cedure of primary plexus reconstruction. These observa-
tions exclude a theoretically present second lesion in the
SSN. Histological examination of five investigated SSNs
proved normal (Fig. 2). Because all these observations argue
in favor of axonal continuity and integrity, it is poorly
understood why children fail to recover any spontaneous
voluntary active shoulder exorotation.

Our results seem contradictory with the reported disap-
pointingly low range (28%; �0 degrees) of active exorotation
achieved when the XIN to SSN transfer is performed as part of
a primary reconstruction of C5 and C6 lesions at an earlier age
of approximately 5 months (14). Although we did not perform
statistics on a similar group of infants, we observed the ten-
dency not to develop satisfactory results for active exorotation
in these children. This observation was actually the reason to
consider not to include the XIN to SSN transfer in the primary
plexus reconstruction, but to restrict primary reconstruction of
the SSN to a graft from C5 or C6 and reserve the nerve transfer
for a separate secondary procedure if exorotation failed to
recover within a 1-year follow-up period. In the series of

Pondaag et al. (14), the severity of injury in children with a C5
and C6 lesion meeting criteria for primary plexus reconstruc-
tion can be considered more serious than in the majority of the
children in this study. Nevertheless, in those six children who
also underwent primary surgery, there is a similar effect of the
severity of the primary lesion and, in addition, a second
denervation consequent to the nerve transfer. Although reli-
able statistics cannot be performed because of the small num-
ber and short follow-up period, there may be a tendency not
to reach values more than 40 degrees. However, values over 0
degrees, already reached in four out of six children, are func-
tional and considered a major improvement for a child. In the
series reported by Pondaag et al. (14), the nerve transfers were
performed up to 7 months of age. Effect of age was not studied
extensively. Either young age of the nerve transfer or the
combination with more severe lesions or more extensive
plexus reconstruction are factors that could negatively affect
outcome of shoulder exorotation.

Defective Motor Programming in Early Infancy

From the moment infants first reach out to touch and grab,
reaching patterns at first are tortuous and indirect with veloc-
ity peaks and bumps, periodic plateaus, and even regression
in control until a reliable reach trajectory control is developed
around the seventh month (21). Infants must discover their
own solutions in relation to the given muscles, energetic lev-
els, and tasks at hand in conjunction with hand-eye coordina-
tion. Infants are both exploiting and modulating force charac-
teristics of the limbs. Thus, a kind of motor memory, encoding
spatial form and speed changes, for a specific trajectory be-
comes integrated. A central plan cannot be separated from the
execution because the periphery sets the stage for central
nervous changes. In infants with an OBPL and deficient pe-
ripheral tools to execute tasks within the trajectory of exoro-
tation, the individual deviant solutions are cortically inte-
grated during a presumably critical period until the seventh
month of age. Despite intensive conservative efforts to stim-
ulate a normal exorotation movement pattern, the aberrant
central plan does not seem to adapt to changes after this
period. Most patients followed in our study group were well
over 1 year of age and the study contained 14 patients over 2
years of age, but still lacked any signs of active exorotation.
The remarkable brain plasticity of infants in itself may be
responsible for the setting of the disorderly motor program.
Within the trajectory for exorotation, visually guided reaching
patterns develop, but are dysfunctionally set and executed.
Instead of using the infraspinatus muscle, which in potency is
capable of function, reaching is altered and, as it seems, irre-
versibly, provided by shoulder abduction and elevation in
combination with elbow flexion and extension. Persisting lack
of active exorotation can be considered as a form of develop-
mental apraxia caused by defective motor programming with
impaired motor unit activation of otherwise intact spinatus
muscles (5). If the XIN to SSN transfer is performed as part of
a plexus reconstruction, a comparable situation evolves in
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which all shoulder functions have to be regenerated and cen-
trally reintegrated simultaneously. For the same reason (de-
velopmental apraxia), this may have a negative effect on active
exorotation. Young age may be a negative factor. The majority
of the children studied showed spontaneous recovery, and
early operation was, therefore, not justified. The effect of the
XIN to SSN transfer when performed early (less than 7 mo) as
single procedure is not studied. However, it seems well ad-
vised to wait more than 10 months for regain of control of
other shoulder functions before trying to restore exorotation.

Type of Lesion

Theoretically, the primary type of nerve lesion in the stud-
ied patients, except in those who underwent early primary
plexus reconstruction, could not have lead to extensive axonal
loss and Wallerian degeneration (4, 11, 20) because most su-
perior trunk functions recovered early, and patients did not
show pronounced secondary muscle wasting at physical ex-
amination and on MRI scan. Absence of denervation of spi-
natus muscles on electromyography at 4 months in 39 out of
40 patients might be another argument, although denervation
in infants is known to disappear after 60 days anyway (6). The
observed integrity and reactivity of SSNs and spinatus mus-
cles is likely to be preserved by spinal reflex activity to pro-
prioceptic afferent signals or involuntarily cocontractions with
other muscles as a result of a disorderly central motor pro-
gram (5, 16, 25). Axonal misdirection of outgrowing, regener-
ating axons is unlikely considering the presumed lesion types
in our study group. Only in partial or complete neurotmesis at
the cervical root or truncal level misrouting into the SSN with
consequently ineffective reinnervation of target organs result-
ing in cocontraction with other muscles or ineffective out-
growth of mainly sensory axons into the target muscle may
occur. Reactivity of spinatus muscles after intraoperative elec-
trostimulation of the SSN would also be present in such cases,
but without actual voluntary muscle action. However, there
would be more pronounced muscle wasting around the fourth
month.

A dramatic loss of motor neurons in the spinal cord is a
fundamental feature after a peripheral nerve injury in new-
borns (1). With a diminished motor neuron population, struc-
tural and functional integration of emerging connections be-
tween descending corticospinal tracts, interneurons, muscle
afferents, and motor neurons is impaired. However, motor
neurons of uninjured sites may take over function of injured
sites (9). In C5 and C6 lesions (Group 1), the C7 motor neuron
pool can especially fulfill this task. Changes in spinal cord
architecture in our Group 1 patients may have favored early
recovery of other C5 and C6 functions rather than exorotation.
Possibly, dominantly exploiting the intact extensor functions
of C7 at first, followed by progressive gain of elbow flexion
and shoulder abduction, was at the expense of SSN function in
the exorotation trajectory.

Plasticity Central in Recovery after Nerve Transfer

Failure of conservative treatment justified the operative
procedure as described, although many would hesitate to
sever a seemingly intact, reactive nerve. As a direct result of
sharp severing of the SSN in the procedure of the nerve
transfer, muscle wasting of spinatus muscles definitely occurs.
Then, spinatus muscles are denervated and begin to atrophy
(10, 18). Wallerian degeneration followed by axonal regener-
ation eventually lead to reinnervation of these muscles (10,
18). Although active exorotation has long since recovered,
MRI scans at 2 years still demonstrate muscle wasting.

To understand the remarkable recovery of exorotation after
the accessory to SSN transfer, it can be hypothesized that, by
disconnecting the SSN from its central disorderly plan and
connecting it to another nerve and its representative cortical
area, shoulder exorotation is granted cortical reorganization
using the extraordinary plasticity of the young brain, thus
following an analogue process as described in adults for in-
tercostal to musculocutaneus nerve transfer (2, 11, 12). Inhib-
itory influences of the original aberrant motor plan may thus
be abolished. Investigation of cortical representation or its
changes after peripheral nerve injuries and nerve transfers
with techniques, such as functional MRI scans, magneto-
encephalography, or transcranial magnetic stimulation, is in-
triguing, but probably not feasible in noncooperative infants.

If the development of normal exorotation patterns is hin-
dered by early ineffective cocontractions with, or dominance
of, other muscles, the identification of these disorderly func-
tioning muscles with neurophysiological studies may be use-
ful. Injection of botulinum toxin and temporary elimination of
selected muscles might facilitate active exorotation to develop
in the motor program (16). Nerve transfers, as described, may
thus be precluded and prevented.

CONCLUSION

In infants with a Group 1 OBPL and satisfying spontaneous
improvement of all functions except shoulder exorotation, an
XIN to SSN transfer, performed as a separate procedure at
ages older than 10 months, proved effective and safe for
regaining of functional exorotation in the large majority of
patients in this small study group of 54 children. The failure to
develop voluntary active exorotation is thought to be the
consequence of secondary, disorderly development of central
nervous system connections and motor programs rather than
lack of potentially functional peripheral tools such as the SSN
and spinatus muscles.
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COMMENTS

In this series, 54 children underwent accessory to suprascapular
nerve transfers owing to the lack of shoulder exorotation recovery

after obstetrical brachial plexus lesion of the upper trunk. While the
majority showed satisfactory spontaneous recovery of shoulder and
arm function, this series of children did not improve with regard to
voluntary shoulder exorotation. As a result, they underwent nerve
transfers and nerve grafting with as many as 3 years of follow-up or
more. Intraoperatively, it was noted that the spinati muscles were
electrophysiologically reactive. But, based on the preoperative assess-
ment, they were non-functional. Interestingly, the histology of the
suprascapular nerve that was sacrificed was found to be normal in
these patients. Also, the surgery of the accessory to suprascapular
nerve transfer was best performed between the ages of 12 and 16
months, in contrast to the majority of literature supporting earlier
interventions, with the argument being that recovery of the other
shoulder functions are first necessary to avoid the central develop-
mental apraxia. After the spinal accessory nerve to suprascapular
nerve transfer and neurography, the children did recover in follow-up
and improve with regard to exorotation, better than previously re-
ported series. The postoperative magnetic resonance imaging scan
showed significant muscle wasting after the surgery, indicating de-
nervation and then reinervation. Although this paper lends further
understanding and discussion to the complex problem of recovery of
functional external rotation and raises the issue of optimization and
timing of reinervation of the shoulder after birth brachial plexus
injury, it seems contradictory that an anatomically correct and phys-
iologically and histologically recovered nerve can be sacrificed and an
accessory nerve grafted to obtain a better outcome. The authors’
conclusion that, although the accessory to suprascapular nerve trans-
fer was effective to restore external rotation, they attributed the con-
tradictory findings of the electroencephalography (EMG) and muscle
wasting to direct central nervous system changes as the main cause for
the lack of external rotation. This is an interesting hypothesis and
awaits further evidence as to this central nervous system reorganiza-
tion after injury and recovery.

P. David Adelson
Pittsburgh, Pennsylvania

van Ouwerkerk et al. present an excellent review of 54 obstetric
brachial plexus stretch injuries with repair of suprascapular nerve

using an accessory nerve graft. In the study, 50 out of 54 patients
gained functional recovery of shoulder exorotation to some extent.
The major endpoint of the study is the recovery of external rotation of
the shoulder. For reasons that are still unclear, a considerable fraction
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of obstetrical brachial plexus lesion Group I injuries recover sponta-
neously, whereas suprascapular nerve function remains unimproved
without intervention. This study describes an aggressive nerve repair
strategy, which is designed to expedite a slow or lacking natural
regrowth processes. The data is compelling to support the authors’
assertion that autologous grafting is a viable option for repair. We do
have several concerns about this study. First, there was the lack of a
control group for the efficacy of more conservative approaches to
treatment. Examples of patients with physical therapy in the absence
of surgical repair would serve as useful comparisons. Clearly, another
important drawback of the procedure is the muscle atrophy as a result
of nerve transection. Furthermore, we do not understand how dener-
vating the trapezius muscle could improve shoulder function because
most patients complain bitterly about poor shoulder function after
accessory nerve injury. The authors did not discriminate between
glenohumeral and scapulothoracic rotation, although they did mea-
sure passive ROM. The authors did not measure the posterior angle
(the angle between spina scapulae and humerus in the horizontal
plain). An increased posterior contracture postoperative may have
induced the formation of a functional omodesis, which may, in turn,
increase the ROM.

Jason H. Huang
Eric H. Zager
Philadelphia, Pennsylvania

This study by van Ouwerkerk et al. raises some interesting ques-
tions regarding a novel approach to regain shoulder external

rotation performed in a delayed fashion in children with obstetrical
brachial plexus lesions. Spinal accessory nerve transfers to the supras-
capular nerve were done at a mean age of 21.7 months in those
children who had otherwise spontaneously recovered their upper
trunk function with the exception of external rotation. Patient out-
comes were excellent. Based on their observations, these authors think
the “central” cause of the lack of external rotation is the result of
defective central nervous system programming. We think that the
timing of the nerve reconstruction is innovative, but incompletely
substantiated, and that the hypothesis is intriguing, but controversial.
Like many provoking studies, this one raises some interesting ques-
tions on a difficult subject.

There are two basic, but important, questions for the reader to
answer. First, is this procedure beneficial by itself? If so, does it work
by the mechanism of cortical reprogramming? How do we interpret
these favorable results? More than half of the patients (28 out of 54) in
this study exhibited good external rotation (at least 0 degrees versus
�70 degrees at operation) within 4 months of nerve transfer. This
seems extremely rapid for sufficient axons to not only reach the target
end-organ, but to also innervate it so robustly. Also, this seems very
fast for complex cortical reprogramming to occur.

The authors assessed “shoulder external rotation.” The suprascap-
ular nerve innervates the infraspinatus muscle, which is the main
external rotator of the humeral head in the glenoid. Evaluation of
infraspinatus reinnervation should, therefore, assess the angle of gle-
nohumeral rotation. It is not clear whether or not the authors did so.
Clinical results of external rotation, as measured here, may not assess
true glenohumeral external rotation, but may be based mainly on
scapulothoracic motion (3). We know that trick compensatory move-
ments are common, especially in older children as they learn to
perform them to achieve functional goals. Functional results, such as
those measured by Mallet scores do not necessarily correlate with
clinical results. Given that pre- and postoperative evaluation methods
were the same, the functional recovery must be objective, but not

necessarily based on infraspinatus muscle recovery, i.e., the nerve
transfer.

In addition to the other compensatory mechanisms, is it possible
that another recovering muscle is providing external rotation? After
all, the axillary nerve innervated posterior deltoid and teres minor are
external rotators. Could they be contributing?

Are we to believe that the suprascapular nerves are normal and not
functioning at all or are they merely recovering? The findings of
normal histology in distal stumps of five patients, lack of denervation
(i.e., fibrillations on EMGs) in 39, normal muscle action potentials
intraoperatively in five, and relatively normal muscle bulk on mag-
netic resonance imaging scans in three patients are interesting find-
ings, all of which warrant further study. But, by themselves, they do
not provide direct proof that the nerve is normal or that the brain or
plasticity is the problem. We know that incomplete lesions, such as
those in neuromas in continuity, may produce normal histology in
distal stumps. EMGs in children are the most difficult to interpret and
the least reliable. Normal muscle on magnetic resonance imaging
scans could be interpreted as a lesion in continuity with some axons
passing through, but not enough to provide useful contraction. Sim-
ilarly, we have seen normal histology and optimistic EMGs in patients
with few axons reaching muscle, but not enough to obtain useful
muscle contraction at the time of surgery; these patients went on to
meaningful recovery.

Many other questions remain. How reproducible are the authors’
methods of measuring the deltoid contribution rather than the su-
praspinatus in abduction? Might further recovery of the spontane-
ously recovering deltoid have led to the improved abduction obtained
in the 50% of the patients? Or, could this have been due to other trick
motions as well?

Why is it that the brain cannot relearn suprascapular innervated
function, but it can relearn axillary nerve function so well? The pro-
posed procedure includes postoperative immobilization of the limb in
external rotation, which was performed in all patients in the presented
series. Does the role of immobilizing the limb in external rotation play
some “active” role in improving function? If it is a central problem,
then should we be emphasizing external rotation more aggressively in
play activities to induce a new pathway, encouraging the nervous
system to become receptive to the brain?

Direct comparison of results is always difficult without either non-
operative or operative controls (other primary nerve reconstructive
studies or other secondary bony or soft tissue reconstructive options).
Patients in this series had less severe injury than in patients with Erb’s
palsies. The patients presented herein had some spontaneous good
clinical recovery in biceps and deltoid and, at least some had incom-
plete recovery at least in the supraspinatus muscle. These patients
with some recovery have less severe shoulder deformities than those
with typical Erb’s lesions, further confounding the issues. Along this
line of reasoning, presumably the effects on central disorganization
would be less in these patients with some recovery. Thus, selection
bias may also explain some of the differences in outcomes of this
group compared with others (3).

More information would have been useful regarding the exact
timing of patients. Additional data stratification would have also been
helpful. Although the authors state that this procedure was done after
10 months of therapy, we see in the ranges at least two patients who
were treated at 6 and 9 months of age. These patients were, therefore,
treated at a time more typical for reconstruction. It would have been
of interest to know the effects (e.g., after 1 month of surgery) on
shoulder abduction to see how much function was lost with transec-
tion of suprascapular nerve.
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Approximately one-quarter of their patients (n � 14) underwent
simultaneous subscapularis release. Is it possible that, in these pa-
tients, lengthening of this contracted muscle itself may be responsible
for the gain of functional external rotation? In these cases, could an
occultly functioning axilllary-innervated external rotator (not clini-
cally apparent owing to the strong function of the subscapularis
before its release) become clinically apparent after the release? More
data on the group of patients who underwent the shoulder releases
would have been helpful. Preferably, we would have chosen to ex-
clude them for the analysis. We would have been interested in the
recruitment patterns and duration of motor unit potentials of su-
praspinatus and infraspinatus muscles compared to other side on the
baseline EMG. Although we recognize the inherent problems in ob-
taining EMGs postoperatively, a limited study would have provided
further insight.

In our minds, this technique described in this time frame should not
be widely accepted based on these data alone. There are other options
and considerations. Firstly, some of these patents with partial recov-
ery may have gone on to good recovery of incomplete lesions. Sec-
ondly, for those patients who did not recover useful external rotation
spontaneously, there are good alternatives, e.g., derotational humeral
osteotomy (5) or latissimus dorsi transfer several years later, which
can yield reproducible and controllable results. In fact, patients with
mild preoperative shoulder deficits achieve the best clinical results
after tendon transfer compared with other subsets of children with
more severe patterns of paralysis (2). Thirdly, there was some risk
associated with sectioning the suprascapular nerve, including loss of
abduction. This would seem risky, particularly in some of the older
patients in this group.

Still, one wonders if even better results could be achieved with a
new technical modification of the standard spinal accessory nerve to
suprascapular nerve transfer using a direct posterior approach (1).
One could conceive of a technique of distal spinal accessory nerve
transfer to the distal continuation of the suprascapular nerve (distal to

the supraspinatus branches) (4). This selective technique would spare
any risk to the supraspinatus, potentially avoid a potential source of
injury at the suprascapular ligament and decreasing time for infraspi-
natus reinnervation. This type of approach would seem worthy of
consideration.

The results of this study are important from a clinical perspective:
the gain of function. The study raises many unanswered questions
and includes an equal number of unquestioned answers about the
mechanism. Unfortunately, it will be difficult to obtain answers for
their hypothesis and these questions. Cortical magnetic stimulation is
not feasible in this group. We look forward to future studies using
magnetic encephalography to shed some light on cortical representa-
tion in older children before and after this nerve transfer.

Martijn J.A. Malessy
Leiden, The Netherlands
Robert J. Spinner
Rochester, Minnesota
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