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Background Restoration of shoulder functions is important in brachial plexus injury 
(BPI). The functional outcomes of spinal accessory nerve (SAN) to suprascapular nerve 
(SSN) transfer by the anterior supraclavicular approach and the posterior approach is a 
matter of debate. This article aims to compare the outcomes of the shoulder functions 
by the SAN to the SSN transfer using the two approaches.
Methods Retrospective data was collected in 34 patients who underwent SAN to SSN 
transfer from January 2016 to June 2018. Group A included 16 patients who under-
went nerve transfers by anterior approach, and Group B included 18 patients who 
underwent nerve transfers by posterior approach. Functional outcomes were mea-
sured by grading the muscle power as per the British Medical Research Council (MRC) 
grading (graded as M) and the range of motions (ROM) of the shoulder at 6 months 
and 18 months.
Results Early recovery was seen in group B with 7 patients (39%) showing 
M1 abduction power at 6 months as compared with one patient (6%) in group A . This 
difference was statistically significant (p value = 0.04). At 18 months, 10 patients (62%) 
in group A had good recovery (MRC grade ≥3), while 13 patients (72%) in group B had 
a good recovery. This difference was not found to be statistically significant (Fisher 
exact test p value = 0.71) There was no statistical difference in the outcomes of ROM 
in shoulder abduction, external rotation, and motor power at 18 months of follow-up.
Conclusions Early recovery was observed in the posterior approach group at 
6 months, however, there was no significant difference in the outcomes of shoulder 
functions in muscle power and ROM in the two groups at 18 months of follow-up.
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Introduction
Reconstruction of brachial plexus injury (BPI) is challenging, 
and patients with BPI restoration of elbow functions,1 followed 

by shoulder functions, are given priority. The shoulder func-
tions have traditionally been restored by the spinal acces-
sory nerve (SAN) to suprascapular nerve (SSN) transfer in 
an irreparable root avulsion in BPI. The anterior approach by 
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a supraclavicular incision has been widely practiced by the 
brachial plexus surgeons while performing this nerve trans-
fer. This approach can lead to denervation of a part of the 
trapezius muscle, which plays an important role in shoul-
der stability.2 The posterior approach described by Guan et 
al3 is advantageous, as the neurotization is close to the tar-
get muscle and can be performed in the presence of previous 
suprascapular scars and suspected distal injury to the SSN as 
in scapula fractures. There are few studies which compare 
the outcomes of shoulder functions using the anterior and 
the posterior approach. This study aims to compare the out-
comes of shoulder functions following SAN to SSN transfer 
using the anterior and posterior approaches.

Materials and Methods
All adult patients with BPI from January 2016 to June 2018 who 
were operated were included in the study. Retrospective data 
was collected from the brachial plexus registry and collated. 
With the available data, two groups were identified: group 
A– SAN to SSN transfer using the anterior approach and 
group B– SAN to SSN by the posterior approach. The inclusion 
criteria were as follows: 1. unrecovered adult posttraumatic 
BPI presenting between 3 to 9 months after injury; 2. clinical 
and radiological evidence of root avulsion injury or irrepa-
rable root injury; 3. no secondary reconstruction to restore 
shoulder functions; 4. follow-up for 18 months. Depending 
upon the extent of the lesion, the injury was classified into 
partial (C5,6, or C5–7) or total (C5-T1 injury). Demographic 
data like age, gender, mechanism of injury, time to surgery, 
and dominance of the extremity were also recorded. The 
clinical examination was done to assess the range of motion 
(ROM) using a goniometer. The shoulder abduction was mea-
sured posteriorly with the patient standing and the angle 
formed between the axis of the arm and the lateral thoracic 
wall. The external rotation was measured with the arm fully 
adducted, internally rotated, and elbow flexed at 90 degrees 
with the forearm placed over the chest. The motor power 
was recorded using British Medical Research Council (MRC) 
grading. The trapezius muscle power was measured preoper-
atively and at 18 months postoperatively. The follow-up data 
of shoulder abduction at 6, 12, and 18 months was recorded. 
For the comparison between the groups, the final assess-
ment was done at 18 months. The muscle power of MRC 
grade 3 and above was classified as a good recovery and MRC 
grade 2 and below was classified as poor. The MRI findings 
and electrophysiological studies were also tabulated; how-
ever, these were not used for the operative decision-making, 
as this was based on clinical findings. The reconstructive plan 
followed in all cases was:

1. SAN to SSN transfer for shoulder abduction.
2. Long head triceps branch of the radial nerve to the ante-

rior branch of axillary nerve for deltoid reanimation (in 
C5-6 root avulsions).

3. Oberlin transfer for elbow flexion (In C5-7 root avulsion).
4. 3rd, 4th, 5th intercostal nerves (ICN) to musculocutane-

ous nerve (MCN) for elbow flexion in total BPI.

Surgical Technique
Patients were placed in the supine position, and anterior 
exploration of the brachial plexus was done to reconstruct 
the brachial plexus. In group A, SAN to SSN was done along 
with the other nerve transfers as per the reconstructive plan. 
In group B, the brachial plexus was explored in the supine 
position and the wound was temporarily closed. Patients 
were then turned into the prone position and SAN to SSN was 
transferred. The long head triceps branch of the radial nerve 
to the anterior branch of the axillary nerve for deltoid rean-
imation (in C5-6 root avulsions) was also done in the same 
position. The patients were again placed the supine and other 
nerve transfers were done as per the reconstructive plan.

The Anterior Approach
The patient was placed the supine with a head supported 
by a head ring and turned to the opposite side. The explo-
ration of brachial plexus and the transfer of SAN to SSN was 
performed by the technique as previously described.4 Nerve 
coaptation was done with 9–0 nylon and fibrin glue. The arm 
was immobilized for 3 weeks with adhesive plaster and the 
forearm across the chest. A gradual passive ROM was initi-
ated after 3 weeks.

The Posterior Approach
The patient was placed in the prone position and sur-
face anatomy of the nerves was marked (►Fig.  1). SAN to 
SSN transfer was done as per the technique described by 

Fig. 1 Preoperative markings for posterior approach (the mid-
line spinous process is marked (point 2) and the acromion as ACR. 
The spinal accessory nerve (SAN) is located at a distance 40% from 
the dorsal midline to the ACR. The superior angle of the scapula is 
marked (point 1) and suprascapular nerve (SSN) is located at mid-
point between ACR and superior angle of scapula.
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Colbert et al.5 The SSN nerve was transected as far proxi-
mally as possible, and SAN was divided distally for a tension 
free coaptation with 9–0 nylon and fibrin glue (►Figs 2–3). 
Immobilization and postoperative exercises were similar to 
the anterior approach.

Statistical Analysis
The data were tabulated in Microsoft Excel (Microsoft 
Corporation, USA), and statistical analysis was performed 
using SPSS software version 20 (SPSS Inc. Chicago). The 
paired t-test was used to compare the difference between the 
means, and Fisher exact test was used to test the difference 
between the proportions. In all the parameters, a p value of 
<0.05 was considered statistically significant.

Results
A total of 34 patients were included in the study with 16 in 
group A and 18 in group B. All patients were male, and all 
were involved in a road traffic accident (RTA) with a motor-
cycle except one in group A, who sustained an injury due to a 
fall from height. The demographic data, time to surgery, the 
extent of injury, and the extremity dominance are shown in 
►Table 1. Shoulder examination of all cases revealed wast-
ing of supraspinatus, infraspinatus, and deltoid with gle-
nohumeral subluxation. The most common MRI findings 
were of pseudomeningoceles with severe scarring of roots in 
13 patients in group A and 14 patients in group B. All patients 

in both groups showed features of chronic denervation with 
no features of reinnervation in the electrophysiological stud-
ies. In three cases of group A, clavicle fracture was well united 
without scarring. However, of the 3 cases of clavicle fracture 
in group B, one presented after clavicle fixation and the other 
two had malunited fracture with significant callus formation. 
One case had posttraumatic scars in the supraclavicular fossa 
in group B. In these four cases, we could not explore the bra-
chial plexus due to scarring in the supraclavicular fossa. At 
postoperative 6 months, M1 shoulder abduction was noted 
in one patient in group A versus six in group B. This differ-
ence was found to be statistically significant. At 18 months 
in group A, two patients had M4 power, while in group B, 
five patients had M4 power. The mean shoulder abduction 
at 18 months was 51.42° versus 57.22° in groups A and B, 
respectively. The differences in the MRC grade and ROM was 
not found to be statistically significant (►Table 2)

There was no active external rotation shoulder observed in 
both the groups at 6 months (M0). At 18 months, no patient 
had M4 recovery in group A versus one in group B (►Table 2). 
No statistical difference in external rotation was noted in 
two groups (13.75° vs. 21.39°) at 18 months. Ten patients in 
group A and 13 patients in group B had a good recovery at 
18 months (►Table 2). There was no significant difference in 
the outcomes in the two groups in cases of partial and total 
injury. However, the outcomes of partial injuries were bet-
ter than total BPI in both the groups (►Table 2). There was 
no loss of power in trapezius in both the groups. We did not 
encounter any distal injuries in the cohort studied.

Discussion
Shoulder stability and its functions are important for upper 
extremity rehabilitation in BPI. Primary nerve surgery has 
superior functional outcomes, as it restores functions more 
physiologically. Distal nerve transfer has improved the out-
comes of shoulder functions in irreparable root injury and 
also in patients with delayed presentation. The outcomes of 
shoulder functions are determined by several factors, which 
include the extent of the injury and the number of nerve 
transfers performed. The results of nerve transfers in upper Fig. 2 Transverse suprascapular ligament.

Fig. 3 Nerve transfer spinal accessory nerve (SAN) to suprascapular 
nerve (SSN).
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BPI are better than those seen in total palsy.6 The SAN to 
SSN transfer provides stability to the shoulder and improves 
shoulder abduction and external rotation7,8 The stability 
of the shoulder along with abduction has been reported to 
have been achieved in 60 to 80% of all cases undergoing this 
nerve transfer,9 which can be done by an anterior or posterior 
approach.

The advantages of the anterior approach include ease of 
patient positioning, a simultaneous exploration of brachial 
plexus, repair and reconstruction in case of rupture of bra-
chial plexus roots, and a higher proportion of axons from 
SAN available for transfer. However, this approach may not 
be feasible in a scarred supraclavicular region either due to 
previous surgery or injury in that region.10 The advantages 
of posterior approaches include preservation of functions of 
the upper part of trapezius11 and nerve transfer closed to the 
target muscle. This approach is also advantageous in cases of 
suspected injury to SSN at multiple levels.12,13 However, we 
did not find any distal injuries or injuries at multiple levels, 
which may be attributed to the small sample size. The dis-
advantages include change of position from supine to prone, 
large incisions at the back along with detachment of the tra-
pezius muscle from its scapular spine attachment. Besides, 
reduced axonal counts on the distal part of SAN may also be 
of a disadvantage.14 The outcomes of the posterior approach 
in SAN to SSN transfer have been variable, with many authors 
reporting better outcomes as compared with anterior 
approach.15,16

In this study, 18 patients who underwent SAN to SSN 
transfer, a statistically significant early clinical recovery of 
shoulder abduction was seen in group B. Bhandari et al15 in 
their study of 14 cases of BPI managed with SAN to SSN 
transfer by dorsal approach, with initial evidence of shoul-
der abduction being achieved at 28 ± 4 weeks as compared 
with 34 ± 4 weeks by anterior approach. The early recov-
ery in the posterior approach can be attributed to the nerve 
transfer close to the target muscle, thereby reducing the 
reinnervation time.

While comparing the MRC grade and ROM of shoulder 
abduction at 18 months, it appeared group B fared better in 
terms of absolute numbers, however, there was no statisti-
cal significant difference in the two groups, which is con-
sistent with other published studies.17,18 However, Bhandari 
et al and15 Guan et al16 found better outcomes of shoulder 
abduction by the posterior approach. In both the studies, 
the authors compared the results of the posterior approach 
in patients who were operated earlier by anterior approach 
which might have influenced the outcomes.

Similar to our study, the results of external rotation have 
been reported to be inferior as compared with shoulder 
abduction by SAN to SSN transfer.19,20 In group B, 5 (27.7%) 
patients had an external rotation of MRC grade ≥3 as com-
pared with 3 (18.75%) patients in group A. There was no sig-
nificant difference in ROM of the external rotation between 
the two groups. However, Souza et al17 found superior out-
comes in external rotation with a posterior approach but 

Table  1  Demographic data

Anterior (n = 16) Posterior (n = 18) p value

Age 32.06 ± 12.87 32.5 ± 12.94 0.46

Time to surgery 6.38 ± 2.0 6.50 ± 2.32 0.43

Partial injury 9 11 1

Total injury 7 7

Dominant upper limb 9 11 –

Fracture clavicle 3 3 –

Table  2  Outcomes of shoulder functions at 18 months

Approach MRC grade p 
value

ROM
(degrees)

p 
value

Final 
outcome

p 
value

M4 M3 M2 M1 M0 Good Poor Partial 
injuries 
(ROM)

p 
value

Total 
injuries
(ROM)

p value

Abduction(n) Abduction Abduction(n) Abduction

Anterior 2 8 6 – – 0.51 51.42 ± 
28.51

0.37 10 6 0.71 71.10 ± 
16.60

0.46 25.70 ± 
18.13

0.78

Posterior 5 8 4 1 – 57.22 ± 
49.44

13 5 76.82 ± 
51.20

26.43 ± 
27.03

External rotation(n) External rotation External rotation (n) External rotation

Anterior – 3 9 2 2 0.52 13.75 ± 
14.08

0.35 3 13 0.46 22.20 ± 
13.07

0.35 2.9 ± 
4.80

0.14

Posterior 1 5 6 5 1 21.39 ± 
28.01

6 12 32.73 ± 
30.90

3.57±-
4.75

Abbreviations: Medical Research Council. MRC; ROM, range of motion.
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did not find any difference in the outcomes of shoulder 
abduction. This could be due to the results that authors have 
reported in partial BPI involving C5-6 roots only.

There are wide variations in the outcomes of SAN to 
SSN transfers in partial and total injuries, which is due to 
several differential variables. The outcomes of partial and 
total BPI in group A and B were similar, with no statistically 
significant difference. However, the partial injuries had 
superior outcomes in ROM of shoulder abduction (71.10° & 
76.82° in group A & B, respectively) as compared with total 
injury (25.70° & 26.43° group A & B, respectively). These 
findings are inferior to the study published by Bertelli et 
al6 but similar to other studies published by Venkatramani 
et al21and Mohammadreza et al.22 This is due to the target 
of the selective muscle innervated by the SSN in a totally 
flail limb.

Postoperative weakness of trapezius in SAN to SSN trans-
fer by the anterior approach has been reported by some 
authors.2 According to Bhandari et al,15 in a control group of 
21 patients who underwent SAN to SSN transfer, 18 patients 
experienced downgrading of MRC grade by 1 and 3 patients 
by 2 MRC grade. However, we did not notice any weakness 
of trapezius function at the final follow-up as we tried to 
preserve as many proximal branches of SAN as possible and 
dividing the donor nerve as distally as possible.

The study has limitations primarily due to the small sam-
ple size and absence of postoperative electrophysiological 
studies, which would have objectively documented the early 
recovery. However, due to logistic and financial reasons, we 
relied on clinical recovery.

Conclusion
In conclusion, early shoulder abduction was noticed in 
group B at 6 months, but there was no statistically signif-
icant difference in the outcomes at 18 months in both the 
groups. However, intraoperative change of position and lon-
ger operative time may be of disadvantage in the posterior 
group. Nevertheless, the posterior approach can be useful in 
a scarred suprascapular region or in patients with suspected 
distal suprascapular nerve lesions.
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