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Functional outcomes following nerve transfers for shoulder
and elbow reanimation in brachial plexus injuries:
a 10-year retrospective study
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Brachial plexus injuries are rare but highly disabling, with major implications for upper limb function and quality
of life. Nerve transfers have emerged as a key reconstructive technique, particularly valuable in cases where primary
repair or grafting is unfeasible or delayed. This retrospective study analysed functional outcomes following nerve
transfers in 37 patients with brachial plexus injury. Motor recovery was assessed using the Medical Research Council
scale. Patients were stratified by age, timing of surgery, injury severity, and type of nerve transfer performed. The
majority of our cohort consisted of male adults, predominantly injured in motorcycle accidents, while pediatric cases
were mostly due to obstetrical trauma. For shoulder reanimation, all patients received spinal accessory to suprascap-
ular nerve transfer, with a subset also undergoing medial triceps branch of the radial nerve to axillary nerve transfer.
These techniques resulted in 85.3% of patients achieving shoulder function recovery with M3 or M4 muscle strength,
with combined procedures leading exclusively to M3 or M4 muscle strength. For elbow flexion restoration, surgical
approaches included intercostal to musculocutaneous nerve transfer, ulnar and median fascicles to musculocutaneous
nerve transfer, contralateral C7 to musculocutaneous nerve transfer with ulnar graft, and spinal accessory to muscu-
locutaneous nerve transfer with sural nerve graft. Root grafting procedures using sural nerve grafts or nerve conduits
were employed in three pediatric patients. Overall, 84.38% of patients achieved elbow flexion recovery with M3 or
M4 muscle strength. These findings reinforce the utility of nerve transfers as a cornerstone in the surgical manage-
ment of brachial plexus injury.

brachial plexus palsy, nerve transfers, nerve reconstruction, shoulder/elbow function restoration

INTRODUCTION

Brachial plexus lesions are rare but severely disabling, causing
substantial loss of motor and sensory function in the upper limb.
These injuries are often caused by high-velocity trauma, including
motor vehicle accidents and especially motorcycle crashes [1-3].
Another cause for brachial plexus injury is birth trauma, which can
occur in 1 out of 1000 births [4,5]. Affected individuals typically
experience paralysis, sensory loss, and intense neuropathic pain, all
of which have a profound impact on their quality of life [3,6-9].
Historically, treating brachial plexus injuries has been challenging,
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as traditional methods like tendon transfers and muscle grafts of-
ten lead to less-than-ideal functional outcomes. This is due to the
long distances required for nerve regeneration and the associat-
ed muscle atrophy. Although microsurgical techniques have ad-
vanced, functional recovery remains limited, especially in patients
with complete brachial plexus injuries, where nerve regeneration
involves greater distances [1,10-13].

Nerve transfers have emerged as a transformative approach
in brachial plexus reconstruction, addressing the limitations of
traditional methods. By converting proximal injuries into distal
lesions closer to target muscles, nerve transfers enhance the prob-
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ability of prompt reinnervation and functional recovery. This
technique avoids scarred tissue planes, reduces the need for graft-
ing, and prevents the degeneration of motor endplates associated
with delayed reinnervation. Building on the pioneering work of
Oberlin e/ al., nerve transfers have become fundamental to mod-
ern peripheral nerve surgery, enabling more precise and efficient
repair of these complex injuries [14-17].

Brachial plexus anatomy

After the spinal nerves emerge from the spinal cord, the roots
divide into a posterior and an anterior ramus. The anterior di-
visions of C) to T1 spinal nerves converge to form the brachial
plexus. As the roots pass through the supraclavicular fossa, they
form three trunks. The superior trunk is formed by the roots
of C5 and C6 nerve roots, the middle trunk rises from the C7
nerve root, and the inferior trunk is formed from the C8 and T'1
nerve roots. After the nerve trunks travel along the infraclavicular
space, they split to form two divisions, an anterior and a posterior
division. The three posterior divisions unite and form the pos-
terior cord, travel posteriorly related to the axillary artery, and
form the axillary nerve, the radial nerve, the thoracodorsal nerve,
and the superior and inferior subscapular nerves. The anterior
divisions from the superior and middle trunk join to form the
lateral cord, giving birth to the musculocutaneous nerve, the lat-
eral fascicles of the median nerve, and the lateral pectoral nerve.
The medial cord continues the anterior division of the inferior
trunk and then forms the ulnar nerve, the medial fascicles of the
median nerve, the medial brachial and antebrachial nerves, and
the medial pectoral nerve [18-20].

Classification of brachial plexus injuries

Brachial plexus injuries can be classified based on the mecha-
nism of injury and injury force, the severity of nerve injury, and
injury level. A detailed classification is presented in Figure 1.

Management of brachial plexus injuries

The timing of the surgery is one of the most important deci-
sions in brachial plexus injuries, and the treatment plan is decid-
ed based on the mechanism of injury and the time elapsed from
the moment of injury. If the injury occurred after penetration
with a sharp object, then acute exploration and direct coaptation
of the injured nerves is done if possible. In cases of open wounds
that occurred following blunt force trauma, nerve repair should
be delayed until after 3-4 weeks, so that the injury zone has fully
evolved [23,24]. In closed brachial plexus injuries, the surgery
should be delayed for at least 3 months to allow for spontaneous
nerve regeneration. Following the 3 months, another clinical and
paraclinical examination should be performed to assess if any
progress has been made. If there are signs of nerve regenera-
tion, the conservative treatment is maintained, and further clin-
ical examinations are done periodically. If there are no signs of
recovery, surgery should be performed between 3 and 6 months
following the injury [23,24].

Direct nerve repair is the preferred treatment option in open
brachial plexus injuries when immediate exploration reveals that
the nerve ends can be approximated without tension [25]. In
postganglionic lesions resulting in a nerve gap unsuitable for di-
rect repair, nerve grafts are used after the excision of the injured
area and the preparation of the nerve stumps. In preganglion-

Figure 1. Classification of brachial plexus injuries [3,7,21,22]
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ic injuries, where nerve roots are avulsed from the spine, nerve
grafting is no longer possible. In recent years, when nerve trans-
fers have gained more and more popularity, root exploration with
nerve grafting has become less utilized, although there are stud-
ies show that root exploration and grafting together with nerve
transfers can yield better results [23,26].

Nerve transfers can be employed when the nerve roots are rup-
tured from the spinal cord, when nerve grafting is impossible, or
as a first choice to decrease the distance that axons travel towards
the target muscle, thereby achieving a faster reinnervation. In
recent years, nerve transfers have gained more and more usage
because of their advantages, such as bypassing the injury zone,
faster recovery, decreasing the potential destruction of the motor
end plates, and the ability to use them in cases of delayed presen-

tation [23,25,26].

Indication of nerve transfers

Nerve transfers offer an alternative approach when traditional
reconstructive techniques, such as nerve grafting or tendon trans-
fer, may not achieve optimal functional outcomes. A key indi-
cation for nerve transfer is the lack of a proximal nerve stump,
which makes direct repair or grafting challenging or impossible.
Additionally, nerve transfers prove especially useful when treat-
ment is delayed, as they can still facilitate functional recovery up
to 8 to 10 months after the injury, shortening the time needed for
reinnervation of the target muscles [15,27,28].

Recent advancements have extended the use of nerve trans-
fer in treating birth-related brachial plexus injuries, providing a
promising method for restoring both motor and sensory function
in these patients. While nerve transfers were generally used for
lesions of the brachial plexus that were beyond repair, their ap-
plications have expanded due to the observation of suboptimal
functional outcomes even after direct repair. As a result, nerve
transfer has become a more viable option for patients with these
types of injuries [9,29-33].

Nerve transfers are valuable when the remaining tissue cannot
provide an optimal environment for nerve grafting or regenera-
tion, particularly in complex upper limb injuries, or when pri-
mary repair or other options, such as tendon transfer, are not
viable or would result in poor outcomes. Unlike tendon transfer,
which moves expendable musculotendinous units, nerve transfer
preserves the natural musculotendinous vectors, potentially lead-
ing to better functional results. However, nerve transfer cannot
be postponed indefinitely, and in some instances, tendon transfer
may offer superior results [1,34].

The most frequently observed pattern of brachial plexus inju-
ry is superior trunk lesions (C5-C6), especially in the adult popu-
lation [1,35,36]. This injury damages the suprascapular, axillary,
and musculocutaneous nerves, affecting shoulder abduction and
elbow flexion. Damage to the C7 root can add a deficit in wrist
and elbow extension due to radial nerve lesion [1,3,37].

Total brachial plexus injuries entail lesions to all the roots of
the brachial plexus, leading to complete paralysis of the shoul-
der, elbow, wrist, and hand. In contrast to injuries in the upper
brachial plexus, pan-brachial plexus damage leaves limited donor
nerves for nerve transfers, with most viable options coming from
extraplexal sources. The prognosis for total brachial plexus inju-
ries is generally poor, particularly for restoration of hand mobil-
ity, compared to the more favorable outcomes observed in upper
plexus injuries [1,3,38].
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Elbow flexion and shoulder function have a crucial role in the
upper limb autonomy, so, regardless of the level of injury, re-
storing these functions should be the primary focus of surgical
repair [1,9].

The primary goal of our study was to assess the surgical out-
comes of nerve transfers for shoulder function and elbow flexion
in patients with brachial plexus injuries. Secondary objectives
included comparing results between total brachial plexus and
upper brachial plexus injuries, between the obstetric and adult
populations with brachial plexus injuries, and our results with the
existing literature.

MATERIAL AND METHODS

We conducted a retrospective study of cases admitted over 10
years, from January 2015 to December 2024, in the plastic sur-
gery departments of Zetta Hospital in Bucharest, the Clinical
Emergency Hospital of Bucharest, and the Emergency Clinical
Hospital for Children M.S. Curie. The study focused on patients
with brachial plexus injuries, out of whom we selected only those
who underwent surgical treatment involving nerve transfers. Pa-
tients lacking complete medical records and patients who under-
went other surgical procedures for brachial plexus injury were
excluded from the study.

At the initial consultation, a detailed medical history was tak-
en. A thorough general and local clinical examination focused
on identifying specific injuries and functional impairments. The
patient was informed about the available treatment options and
the associated benefits and risks of each approach. Based on this
assessment, a customized surgical plan was developed. On ad-
mission to the hospital, all patients consented to their medical
data being used for future research purposes.

The collected variables in our study included the patient’s
name, age, sex, site of the injury, mechanism of injury, time
elapsed from the accident to the surgical intervention, follow-up
period, type of nerve transfer performed, and motor recovery
outcome. All data were collected and processed using Microsoft
Excel, version 16.66.1.

Based on the principle that elbow flexion and shoulder func-
tion are the most important and should be the first to reanimate,
our patients benefited from one or more of the following nerve
transfers:

Spinal accessory to suprascapular nerve transfer for
shoulder function (Figure 2)

The surgery was performed under general anesthesia, with the
patient in a supine position. An anterior approach was used to
make an incision in the supraclavicular fossa. Following the skin
incision, a meticulous dissection was carried out until the spinal
accessory nerve was identified along the superolateral edge of the
trapezius muscle and dissected as distally as possible.

The suprascapular nerve was located at the scapular notch and
was transposed medially for easier coaptation. A nerve stimulator
was used to facilitate nerve identification and to confirm that the
suprascapular nerve was non-responsive to electrical stimulation.
After identification, the nerves were transected. Once the nerve
stumps were carefully prepared, an end-to-end anastomosis was
performed between the spinal accessory and suprascapular nerve
using a 9.0 Prolene suture.
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Figure 2. Spinal accessory to suprascapular nerve transfer. The

yellow arrow points towards the spinal accessory nerve, and the
black arrow points towards the suprascapular nerve.

Medial triceps nerve to axillary nerve transfer for
shoulder function (Figure 3)

The surgery was performed under general anesthesia. An inci-
sion was made on the posterior aspect of the arm from the mid-
dle third of the arm towards the posterior border of the deltoid
muscle. After the skin incision and careful dissection, the axillary
nerve was identified in the quadrangular space and released as
proximally as possible. The radial nerve was identified between

the lateral and the long heads of the triceps muscle. A nerve stim-
ulator was used to facilitate nerve identification and selection of
the nerve for the medial head of the triceps and to confirm that
the axillary nerve was non-responsive to electrical stimulation.
After identification, the nerves were transected and prepared for
coaptation. An end-to-end anastomosis was performed using a
9.0 Prolene suture.

Branches from the ulnar and median nerves to the
musculocutaneous nerve transfer for elbow flexion

The technique was first described by Oberlin in 1994, propos-
ing using a branch from the ulnar nerve to the musculocutaneous
nerve to recover elbow flexion [17]. Humphreys and Mackinon
added the use of median fascicle to enhance the result [39]. With
the patient in a supine position, under general anesthesia, a skin
incision was made on the medial aspect of the arm; after careful
dissection the ulnar, median and musculocutaneous nerves were
identified, an intraneural dissection was performed on the ulnar
and median nerves and, using a nerve stimulator, the fascicles
for the flexor carpi ulnaris muscle from the ulnar nerve and the
fascicle for the flexor carpi radialis muscle from the median nerve
were isolated. The two branches were transected after identifying
the motor branches for the biceps brachialis muscles from the
musculocutaneous nerve and ensuring that they were non-re-
sponsive to electrical stimulation. An end-to-end anastomosis was
performed between the ulnar fascicle and the brachialis branch
and between the median fascicle and the biceps brachialis branch
with a 9.0 Prolene suture.

Figure 3. Radial nerve fascicle to axillary nerve transfer. A, Axillary nerve identification (black arrow); B, Radial nerve fascicle identification
with nerve stimulator (black arrow pointing towards the chosen fascicle for transfer); C, Cutting of the radial nerve fascicle; D, Preparation of

axillary and radial fascicle nerve stamps for anastomosis.
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Figure 4. Intercostal nerves to the musculocutaneous nerve transfer. A, Intercostal nerve harvested for transfer (black arrow); B, Musculocu-
taneous nerve identification (black arrow); C, Preparation of musculocutaneous and intercostal nerve stamps for anastomosis; D, Anastomosis
between musculocutaneous and intercostal nerves.

Figure 5. Contralateral C7 to median nerve transfer A, Ulnar nerve harvested for transfer (black arrow); B, Ulnar nerve reflected towards
contralateral C7 through a subcutaneous tunnel C; C, C7 root identification; D, Anastomosis between Ulnar nerve and contralateral C7; E, Identi-
fication of ulnar (yellow arrow) and median (black arrow) nerves; F, Anastomosis between Ulnar and Median nerves

Intercostal nerves to musculocutaneous nerve
transfer for elbow flexion (Figure 4)

The intercostal nerves were used in patients with complete
brachial plexus injuries, when the ulnar and median nerves were
not viable. Under general anesthesia, the patient was placed su-
pine, and a curved 'L'-shaped incision was made from the ante-
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rior axillary fold along the lateral thoracic wall to the inframa-
mmary crease. The pectoralis major was elevated, and the rib
periosteum incised to allow subperiosteal dissection and expo-
sure of the intercostal vascular pedicle. With a nerve stimulator,
the motor branches of three consecutive intercostal nerves were
identified, divided, and mobilized toward the anterior axillary
line. The musculocutaneous nerve was identified in the upper
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third of the arm and dissected towards the branching to the bi-
ceps and brachialis muscles, and after checking that the muscles
were non-responsive to electrical stimulation, the nerve was tran-
sected. The three intercostal nerves were reflected towards the
musculocutaneous nerve stump, and an end-to-end anastomosis
was performed with a 9.0 Prolene suture.

Contralateral C7 to the musculocutaneous nerve
transfer for elbow flexion

The contralateral C7 to musculocutaneous nerve transfer was
first performed by Gu et al. in 1992 [40]. Since then, various tech-
niques have been described. In our practice, the contralateral C7
to musculocutaneous nerve transfer is done in two stages with
a vascularized ulnar nerve graft. The surgery is performed un-
der general anesthesia, with the patient in supine position, an
incision is made from the ulnar aspect of the volar side of the
forearm on the affected side from the wrist going all the way to
the axilla, with multiple triangular flaps (Z-plasty) created at the
cubital fossa and the axilla, meticulous dissection is performed at
the ulnar side of the wrist and the ulnar vascular pedicle is iden-
tified, the nerve is isolated and dissected, an electrical stimulation
is performed to make sure that there is no response. The nerve is
transected and utilized as a vascularized nerve graft, which is re-
flected at the proximal third of the arm. Another incision is made
at the opposite side at the supraclavicular fossa, and a careful dis-
section is performed to access the brachial plexus roots. With the
help of a nerve stimulator, the C7 root is identified, and a partial
transection is performed on the C7 root. A subcutaneous tunnel
is created above the pectoral plane, and the ulnar nerve graft is
passed through the tunnel towards the contralateral C7 root. An
end-to-end anastomosis is performed between the ulnar nerve
and the C7 root with a 9.0 Prolene suture. Once we observe ob-
jective signs of ulnar graft reinnervation in the axilla, typically
between 7 and 9 months post-transfer, an incision is made at the
site of the old scar at the proximal third of the arm. After dis-
section, the ulnar nerve graft and the musculocutaneous nerves
are identified and transected. After preparing the nerve stumps,
an end-to-end anastomosis is performed between the ulnar graft
and the musculocutaneous nerve with a 9.0 Prolene suture. Fig-
ure 5 shows the contralateral C7 to the median nerve transfer, but
the same principles and steps applies to the contralateral C7 to
the musculocutaneous nerve transfer.

Spinal accessory to musculocutaneous nerve transfer
for elbow flexion

The spinal accessory nerve can be used as a nerve donor for el-
bow reanimation in complete brachial plexus injuries if the other
possible donors are unavailable. In our cases, the spinal accessory
was chosen in patients with previous surgeries on the thoracic
wall, where intercostal nerves were not an option.

With the patient in the supine position, under general anes-
thesia, a skin incision was made in the supraclavicular fossa, go-
ing all the way to the proximal third of the medial aspect of the
arm. Dissection was performed to identify the spinal accessory
nerve as previously described. The musculocutaneous nerve was
discovered between the brachialis and the biceps muscles and
stimulated with a nerve stimulator to ensure the nerve was unre-
sponsive to electrical stimulation. The accessory and musculocu-
taneous nerves were transected, the nerve stamps were prepared
for coaptation, and a sural nerve graft was harvested. The nerve

Table 1. MRC scale for muscle strength [41]

Grade Muscle strength

MO No muscular contraction

M1 Signs of muscular contraction and fasciculation, no
movement

M2 Movement with gravity removed

M3 Movement against gravity

M4 Movement against resistance

M5 Normal muscle strength

graft was then interposed between the nerve stumps of the spinal
accessory and musculocutaneous nerves, and end-to-end anasto-
mosis was performed with 9.0 Prolene suture.

The Medical Research Council (MRC) scale was utilized to
evaluate the motor function recovery of both shoulder function

and elbow flexion (Table 1).

RESULTS

We included in our study a total of 37 patients who suffered
brachial plexus injuries and underwent nerve transfer surgeries
from 2015 to 2024. The majority of our patients were men (34
out of 37). The three female patients in our study were children
who suffered obstetrical injuries. The age distribution was be-
tween 1 and 77 years old, with a mean age of 26.8. We had nine
pediatric patients and 28 adults.

= Bicycle accident

= Blunt force trauma
with brachial plexus
avulsion

= Car accident

Infection

= Motorcycle accident

= Obstetrical

m Pedestrian accident

Figure 6. Mechanism of injury to the brachial plexus
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Figure 7. Global shoulder function recovery grade
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Regarding the mechanism of injury, we observed that most of
our adult population sustained their injury in road accidents (27
out of 28), with more than 50% of our total population repre-
senting motorcycle accidents (54%). From our pediatric popula-
tion, 8 out of 9 children experienced obstetrical injuries, and one
of them sustained their injury due to polyneuropathy following
an infection (Figure 6).

Concerning the level of injury, from a total of 37 patients, 18
patients suffered a complete brachial plexus injury and 19 a par-
tial brachial plexus injury (18 C5-C6 roots and 1 C5-C6-C7).
From our total population, 24 patients sustained the injury on the
left upper limb (64,86 %) and 13 on the right upper limb.

Of our 37 patients, 34 underwent nerve transfer surgery for
shoulder reanimation. All of them received the spinal accessory
to suprascapular nerve transfer. In addition, four of them also
benefited from the medial fascicle of the radial nerve, which in-
nervates the triceps, to axillary nerve transfer. According to the
MRC scale, 85.3% of patients achieved a shoulder function re-
covery of M3 or higher following nerve transfer surgery. Specif-
ically, 47.06% reached M3 strength, while 38.24% attained M4.
Only a small proportion demonstrated lower recovery grades,
with 11.76% reaching M2 and 2.94% remaining at M1 (Figure
7). In cases where a combined procedure (spinal accessory nerve
to suprascapular nerve transfer and the medial triceps nerve to
axillary nerve transfer) was performed, all patients obtained a re-
sult of M3 or M4 (Figure 8).

Regarding the results based on age groups, we observed that
all the children with shoulder function procedures obtained a re-
sult of M3 or better compared with 81.48% in our adult popula-
tion, while 71.43% of children obtained an M4 result, compared
with 29.63% of the adults (Figure 9). Furthermore, results in our
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Figure 8. Global shoulder function recovery in relation to the sur-

gical procedure used
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Figure 9. Shoulder function recovery in children versus adults
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study showed that 88.23% of the patients with complete injuries
gained a result of M3 or better compared with 82.36% of the
partial brachial plexus injuries, but 41.18% of them gained a re-
sult of M4 or better compared with 35.29% from the complete
brachial plexus injury population (Figure 10).

Procedures to restore elbow flexion were done in 32 out of 37
patients. Of these, 29 underwent nerve transfers, and three pe-
diatric patients also received C5 root grafting to the upper trunk
(two of them with sural nerve graft and one with nerve conduit)
and C6 root grafting to the middle trunk with sural nerve graft.
The 29 nerve transfer procedures were distributed as follows:
13 intercostal to musculocutaneous nerve transfers, 11 ulnar
and median fascicles to musculocutaneous nerve transfers, two
contralateral C7 to musculocutaneous nerve transfers with ul-
nar nerve graft, two spinal accessory to musculocutaneous nerve
transfers with sural nerve graft and one C7 fascicles to distal C5
and C8 fascicles to distal C6 nerve transfer (in pediatric patient).
Among our patients, 84.38% obtained a result of M3 or better
according to the MRC scale (Figure 11).

Recovery of elbow flexion to M3 or M4 was achieved in
76.9% of patients following intercostal-to-musculocutaneous
nerve transfers and in 90.9% of those who underwent ulnar
and median fascicle transfers to the musculocutaneous nerve.
All patients (100%) receiving contralateral C7-to-musculocuta-
neous transfers with a vascularized ulnar graft attained M3-M4
recovery, whereas only 50% of the patients with transfer of the
spinal accessory to the musculocutaneous nerve reached this lev-
el. 100% of the patients with transfer of C7 fascicles to distal
C5 and transfer of C8 fascicles to distal C6 nerve, and 100% of
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Figure 10. Shoulder function recovery in partial versus complete
injuries
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Elbow Flexion Recovery
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Figure 13. Elbow flexion recovery in children versus adults

the G5 root grafting to the upper trunk and C6 root grafting to
the middle trunk with sural nerve graft group achieved M3-M4
recovery rates (Figure 12).

Analysis by age group showed that all pediatric patients
achieved M3 or better elbow flexion, compared with 78.3%
of adults; 77.8% of children reached M4 versus 43.5% of the
adult cohort (Figure 13).

Concerning the results based on partial vs complete brachial
plexus injuries, we found out that the group with partial brachi-
al plexus injuries had a better result compared with the com-
plete brachial plexus injury group (93.33% vs 76.47% of M3
and M4 recovery stages) (Figure 14).
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Figure 14. Elbow flexion recovery in partial vs. complete injuries

In our cohort of 37 patients, the time between the accident
and surgery ranged from 2 to 24 months, with an average of
8.03 months. The mean follow-up time was 3.32 years, ranging
from 1 to 9 years.
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DISCUSSION

Brachial plexus damage generally occurs in young individuals,
more frequently in men, with high-speed road accidents being
the leading cause. Avulsion injuries represent 60% of these inju-
ries, which have less favorable prognoses compared to open sharp
trauma [12, 32]. These types of injuries frequently lead to lesions
of the supraclavicular plexus, with around 50% involving the C5,
C6, and occasionally C'7 roots, leading to compromised functions

JOURNAL of MEDICINE and LIFE. VOL: 18 ISSUE: 4 APRIL 2025

© 2025 by the authors. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY 4.0) license.



JOURNAL of MEDICINE =nd LIFE

of the shoulder and elbow [42,43]. Partial brachial plexus in-
juries, particularly ones involving the upper root, tend to show
better functional recovery, with elbow flexion and shoulder func-
tion generally regarded as the primary focus in brachial plexus
treatment plans 31,44,45]. In our study, 73% of our patients suf-
fered closed avulsion injuries from road accidents, most of them
involving a motorcycle. 51% of our patients suffered C5-C6/C7
injuries.

Nerve surgery has greatly benefited from advancements in
microsurgery and anatomical studies of nerve fascicles, leading
to improved surgical techniques for nerve coaptation. However,
achieving functional reanimation after brachial plexus injuries
remains challenging, particularly in proximal lesions [9,46]. Sev-
eral factors are involved in less favorable outcomes, such as length
of nerve defect, surgical technique, associated injuries, age, but
time and distance are the most important for brachial plexus in-
juries [9,47].

The regeneration rate of nerves following an injury is about 1
to 3 mm daily. This leads to a narrow time frame for reconstruc-
tion to achieve optimal results. Studies recommend that the tar-
get reinnervation should be achieved between 12 and 18 months.
Otherwise, the motor end plates will suffer irreversible denerva-
tion. Muscles affected by this process are primarily located far-
thest from the level of injury. This translates into progressively
poorer results for the distal muscles compared to those closer to
the site of nerve reconstruction [1,46,48-50].

Nerve transfers were initially adopted for traction injuries of
the brachial plexus that resulted in the avulsion of the roots,
rendering them unusable for repair. After observing the bene-
fits of achieving good reanimation, nerve transfers began to gain
popularity even in cases of brachial plexus lesions without root
avulsions [9,51].

This shift from traditional reconstruction techniques to nerve
transfers is supported by a series of benefits. Firstly, nerve trans-
fers offer another site of neurotization. This comes in handy
especially when direct coaptation is not an option, or when
we anticipate a poor functional outcome primarily because of
the distance from the injury to the targeted muscle or the time
elapsed before the patient is addressed. Combining nerve trans-
fers with direct repair or root nerve grafting can lead to a better
outcome than nerve grafting alone. Another advantage of nerve
transfers is that they are performed near the recipient muscles,
leading to a faster restoration of function [1,51-55].

Regarding shoulder function recovery after nerve transfers,
studies show that an optimal result of MRC grade 3 or better was
achieved in 60 to 100% of cases [9,17,56-59]. The ones report-
ing close to 100% of cases recovering a good functional outcome
generally have a small sample of patients. A systematic review
by Yang et al., including 104 patients who benefited from nerve
transfers for shoulder function, reported an M3 or better result
in 82% of the patients [42]. Our case series included 34 patients
who underwent nerve transfer surgery for shoulder reanimation.
Of the 34 patients, 30 underwent spinal accessory to suprascap-
ular nerve transfer alone, and four benefited from dual nerve
transfer (spinal accessory to suprascapular nerve transfer and
medial triceps to axillary nerve transfer). The mean follow-up
period was 3.32 years. 85.3% of our patients obtained a result of
M3 or better according to the MRC scale, and 80% of those with
single nerve transfer obtained an M3 or better result. Our results
are comparable to those found in the literature. The patients who
benefited from dual nerve transfer obtained a result better than
M3 in 100% of our cases. This is in accordance with the findings

JOURNAL of MEDICINE and LIFE. VOL: 18 ISSUE: 4 APRIL 2025

in the literature that show that dual nerve transfers can achieve
better results than single nerve transfers for shoulder reanima-
tion, although our sample population was small [11, 57-63].

In our study population, 29 out of our 37 patients underwent
nerve transfers to restore elbow flexion. The nerve transfer pro-
cedures were distributed as follows: 13 intercostal to musculo-
cutaneous nerve transfers, 11 ulnar and median fascicles to
musculocutaneous nerve transfers, two contralateral C7 to mus-
culocutaneous nerve transfers with ulnar nerve graft, two spinal
accessory to musculocutaneous nerve transfers with sural nerve
graft and one C7 fascicles to distal C5 and C8 fascicles to distal
C6 nerve transfer (in a pediatric patient). The mean follow-up pe-
riod was 3.32 years. 84.38% of our patients obtained a result of
M3 or better according to the MRC scale. Other studies showed
results of M3 or better, ranging from 73.4 % to 100%, consistent
with our findings [58,64-67]. A meta-analysis from Texakalidis e
al., including 350 patients with nerve transfers for elbow flexion,
showed that 77.7 % obtained an M3 or better result [68].

Most of our patients (24 out of 32 who underwent surgery
to restore elbow flexion) benefited from the intercostal to mus-
culocutaneous nerve transfer or ulnar and median fascicles to
the musculocutaneous nerve. 76.92% of the patients from the
intercostal to musculocutaneous nerve transfer groups achieved
M3 or better. Other studies show recovery rates of M3 or better
between 57% and 100% of cases, with the mean around 72%
[9,69-73]. 90.91% of the patients from the ulnar and median
fascicles to the musculocutaneous nerve transfer group obtained
a good or excellent result (M3 or better). Studies from the liter-
ature support our findings with results of M3 ranging between
75% and 100% of the cases [74-77]. Regarding results compar-
ing the two techniques, studies show better results of the double
nerve transfer (ulnar and median fascicles) than the intercostal to
musculocutaneous nerve transfer, which is also supported by our
findings [78,79].

Nerve transfers are the main surgical technique for managing
brachial plexus lesions in the adult population. In obstetrical bra-
chial plexus injuries, on the other hand, the general management,
if nerve regeneration is not observed following conservative treat-
ment, is excision of the neuroma and reconstruction with nerve
grafts. Lately, the use of nerve transfers has been implemented as
the main treatment for obstetrical brachial plexus as well, with
very good results [4,5,80-82]. In our study, we included nine pe-
diatric patients, eight obstetrical brachial plexus injuries, and one
patient injured due to polyneuropathy following an infection. We
performed seven nerve transfers for shoulder reanimation (spinal
accessory to suprascapular nerve), six of them for obstetrical bra-
chial plexus, with 100% of our patients recovering an M3 or bet-
ter function, and five of them achieved an M4 result. For elbow
flexion reanimation, we performed three root grafts and six nerve
transfers (four times the fascicles from ulnar and median nerves
to musculocutaneous nerve transfer, one spinal accessory to mus-
culocutaneous nerve transfer, and one C7 fascicle to distal C5
and C8 fascicles to distal C6 nerve transfer). All patients obtained
an M3 or better result; seven had an M4 result. The results in
our pediatric population are significantly better than those in our
adult population, which is expected because of the greater capac-
ity of nerve regeneration and the smaller distance for the axons
to travel, due to the dimension of the superior extremity 5, 83].

Our results comparing elbow function after nerve transfers in
partial versus complete brachial plexus injuries show that better
results are obtained following partial brachial injuries (93.33% vs
76.47% of M3 or better recovery). This is consistent with other
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clinical studies showing similar results. Ayhan et al. observed that
91.9% of the patients with partial brachial plexus injuries ob-
tained a result of M3 or better on the MRC scale compared with
74.3% following complete brachial plexus injuries [64]. Another
study conducted in 2014 by Xiao et al. showed that, from the
partial brachial plexus injury group, 86.7% obtained satisfacto-
ry elbow recovery, whereas only 66.7% of the patients from the
complete brachial plexus injury group obtained similar results
[69]. These results could be explained by the fact that brachial
plexus injuries require extraplexal nerve transfers, translating to
a longer path that axons must travel before reaching their target
muscles. Another setback is that extraplexal nerve transfers need
corticalisation for the reinnervated muscle to function correctly.
This translates to longer rehabilitation periods [84].

Regarding shoulder function after nerve transfers in complete
versus partial brachial plexus injuries, we obtained similar results
between the two groups (82.36% vs 88.23% of M3 or better
MRC scale results). These can be explained by the fact that the
spinal accessory to suprascapular nerve transfer is the main nerve
transfer for shoulder function, regardless of the level of injury, so
we can expect similar results. An amendment can be made that
in partial brachial plexus injuries where the radial nerve is intact,
we can add a second nerve transfer for shoulder function (medial
triceps nerve to axillary nerve transfer) that can yield better re-
sults than spinal accessory to suprascapular nerve transfer alone.

CONCLUSION

Nerve transfers represent a reliable and effective surgical strat-
egy for restoring shoulder and elbow function in patients with
brachial plexus injuries, particularly when primary repair is not
feasible. This multicenter retrospective analysis highlights favor-
able functional outcomes, with over 84% of patients regaining
meaningful motor recovery in both shoulder and elbow move-
ments. Pediatric patients and those with partial injuries demon-
strated notably better results, emphasizing the importance of
early diagnosis and individualized surgical planning. These find-
ings reinforce the utility of nerve transfers as a cornerstone in
the surgical management of brachial plexus injuries, warranting
continued refinement and adoption of tailored approaches to op-
timize patient outcomes.
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