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Abstract
Despite recent great progress in diagnosis and microsurgical repair, the prognosis in total brachial plexus-avulsion injury remains unfavor-
able. Insufficient number of donors and unreasonable use of donor nerves might be key factors. To identify an optimal treatment strategy 
for this condition, we conducted a retrospective review. Seventy-three patients with total brachial plexus avulsion injury were followed up 
for an average of 7.3 years. Our analysis demonstrated no significant difference in elbow-flexion recovery between phrenic nerve-transfer 
(25 cases), phrenic nerve-graft (19 cases), intercostal nerve (17 cases), or contralateral C7-transfer (12 cases) groups. Restoration of shoul-
der function was attempted through anterior accessory nerve (27 cases), posterior accessory nerve (10 cases), intercostal nerve (5 cases), or 
accessory + intercostal nerve transfer (31 cases). Accessory nerve + intercostal nerve transfer was the most effective method. A significantly 
greater amount of elbow extension was observed in patients with intercostal nerve transfer (25 cases) than in those with contralateral C7 
transfer (10 cases). Recovery of median nerve function was noticeably better for those who received entire contralateral C7 transfer (33 
cases) than for those who received partial contralateral C7 transfer (40 cases). Wrist and finger extension were reconstructed by intercostal 
nerve transfer (31 cases). Overall, the recommended surgical treatment for total brachial plexus-avulsion injury is phrenic nerve transfer 
for elbow flexion, accessory nerve + intercostal nerve transfer for shoulder function, intercostal nerves transfer for elbow extension, entire 
contralateral C7 transfer for median nerve function, and intercostal nerve transfer for finger extension. The trial was registered at Clinical-
Trials.gov (identifier: NCT03166033).
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Graphical Abstract

Optimal surgical treatment of total brachial plexus avulsion injury

Spinal accessory nerve transferred to 
suprascapular nerve via anterior or 
posterior approach

Entire contralateral C7 nerve 
transferred to median or median 
nerve + musculocutaneous nerve

Intercostal nerves transferred to 
axillary nerve + triceps branch + 
radial nerve
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Introduction
Total brachial plexus-avulsion injury (BPAI) is extremely 
difficult to treat in the clinic (Allieu et al., 1984; Midha, 2004; 
Shin et al., 2005). Nerve transfer is recognized as the most 
successful method for treating BPAI (Chuang, 1995; Narakas 
et al., 1988). The phrenic nerve (Gu et al., 1996; Hou et al., 
2002), spinal accessory nerve (SAN)  (Songcharoen et al., 
1996; Terzis et al., 2006; Rui et al., 2013), intercostal nerve 
(ICN) (Malessy et al., 1998; Goubier et al., 2011; Gao et al., 
2013a, b, c) and contralateral C7 (cC7) (Gu et al., 1992, 1998; 
Chuang et al., 1998, 2012; Gao et al., 2006; Chen et al., 2007) 
are all commonly used donors, and the surgical technique as 
well as the effect of treatment are well-established. As pre-
viously reported, shoulder function, elbow flexion, elbow 
extension, and wrist and finger functions have been restored 
successfully via spinal accessory nerve, phrenic nerve, inter-
costal nerve, and cC7 transfers. Terzis et al. (2006) reported 
good or excellent results in 79% of patients for the supraspi-
natus muscle and in 55% for the infraspinatus muscle when 
the SAN was transferred to the suprascapular nerve (SSN). 
Monreal et al. (2007) reported 70% functional recovery of the 
biceps after phrenic nerve transfer. In another study, Gao et 
al. (2013a, b, c) reported 56% recovery of the triceps after ICN 
transfer. They also reported that functional recovery of the 
median nerve reached 49% for motor function and 63% for 
sensory function after cC7 transferred to the median nerve. 
However, these studies only focused on a few elements of 
limb function, rather than the restoration of the entire range 
of limb functions. In different medical groups even within 
our own department, several different surgical strategies have 
been used for treating total BPAI, and the results have varied 
tremendously. Here, we investigated the effectiveness of dif-
ferent commonly used nerve-transfer choices to determine 
the best surgical strategy for treatment of total BPAI.

Participants and Methods
Participants
This was a retrospective study. The study protocol was ap-
proved by the Ethics Committee of Fudan University of 
China (approval number: 2015-064). From 1999 to 2006, 
approximately 200 patients with posttraumatic total BPAI 
underwent surgical exploration and nerve transfer of the 
brachial plexus. Phrenic nerve transfer was conducted in 115 
cases, SAN transfer in 182 cases, ICN transfer in 137 cases 
and cC7 transfer in 167 cases. Among these patients, 109 
agreed to participate in our study and 73 were ultimately en-
rolled (Figure 1). 

Inclusion criteria
Patients presenting with all of the following criteria were 
considered for study inclusion:
• Global root-avulsion brachial plexus injury
• Postoperative interval ≥ 3 years
• All operations were performed by the same medical team
• Nerve transfer was the only reconstruction method used

Exclusion criteria
Patients with one or more of the following conditions were 
excluded from this study:
• Diabetes (2 cases)
• Volkmann contracture (3 cases)
• Fracture on the affected limb (humeral fracture in 7 cases, 
radial fracture in 5 cases, ulnar fracture in 3 cases)
• Rib fracture (11 cases)
• Brain trauma (5 cases)

Evaluation
The recovery of postoperative motor and sensory functions 
was evaluated by the British Medical Research Council 

Approximately 200 posttraumatic total brachial plexus avulsion injury patients

A total of 109 patients agreed to participate in this study

-Inclusion criteria: 
-Global root avulsion brachial plexus injury
-A minimum postoperative interval of 3 years
-All operations were performed by the same medical team 
-Nerve transfer was the only surgical treatment

-Exclusion criteria: 
-Diabetes 
-Volkmann contracture
-Fracture on the affected limb
-Rib fracture
-Brain trauma

Totally 73 patients were enrolled and 36 of them were 
excluded.

 -Functional evaluation:
 -Muscle power and degrees of shoulder abduction and external rotation
 -Muscle power of elbow flexion
 -Muscle power of elbow extension
 -Muscle power of wrist and finger flexion
 Muscle power of wrist and finger extension
 Sensory function of median nerve area

Comparison of the effective recovery rate of each function regarding 
different reconstruction methods

Determination of the relatively optimal treatment for total brachial 
plexus avulsion injury 

Figure 1 Trial flow chart. 



472

Gao KM, Hu JJ, Lao J, Zhao X (2018) Evaluation of nerve transfer options for treating total brachial plexus avulsion injury: a retrospective 
study of 73 participants. Neural Regen Res 13(3):470-476. doi:10.4103/1673-5374.228730

grading system (John, 1984) in all 73 patients after a mini-
mal interval of 3 postoperative years. In the British Medical 
Research Council grading system, the motor and sensory 
function scores are divided into 6 grades from grade 0 to 5. 
A grade of three or above was regarded as an effective re-
covery of motor and sensory function. The efficacy rate of a 
procedure was calculated by dividing the number of effective 
recoveries for that procedure by the number of times that 
procedure was used.

Intraoperative findings of the injured brachial plexus
The injured brachial plexus was supraclavicularly explored 
in all patients under 2.5× magnification (Heine Surgical 
loupe, Dover, NH, USA). All 73 patients were confirmed to 
exhibit total BPAI. Using similar approaches, transfer of the 
phrenic nerve to the musculocutaneous nerve and transfer 
of the SAN to the SSN could be performed.

Posterior approach for transferring the SAN to the SSN 
This surgery was performed with the patient in a lateral po-
sition and the affected side upward. An approximately 10 cm 
long transverse incision was made over the scapular spine. 
The trapezius insertion on the scapular spine was divided. 
The trapezius was then retracted upwards and the SAN was 
exposed. The SSN located in the suprascapular notch under 

the transverse ligament of the scapula was then identified 
and isolated. The SSN was divided as far proximally as pos-
sible for transfer (Figure 2).

cC7 transfer 
The cC7 nerve transfer procedure was separated into two 
stages. The first stage was conducted by two teams simulta-
neously. One team explored the normal brachial plexus. The 
cC7 nerve was exposed to its division level and a longitudinal 
epineurotomy was performed in the division to expose the 
constituent bundles. The other team transected the ulnar 
nerve at the level of the wrist on the affected limb and the 
full-length ulnar nerve was harvested. The ulnar nerve was 
vascularized by the superior ulnar collateral artery from the 
level of the elbow. The vascularized ulnar nerve was then 
passed across the chest through a subcutaneous tunnel to 
the normal neck. The partial or entire cC7 nerve was coapt-
ed to the ulnar nerves at 4× magnification (Heine Surgical 
loupe) with 8-0 microsutures.

In the second stage, the ulnar nerve on the affected side 
was neurotized into different recipient nerves. A longitudinal 
epineurotomy was performed on the ulna if it was going to be 
transferred to two recipient nerves simultaneously (Figure 3).

Table 1 Methods of reconstructing the nerves of the affected limb

Elbow flexion 
(n)

Shoulder 
abduction (n)

Elbow 
extension (n)

Wrist and finger 
flexion (n)

Wrist and finger 
extension (n)

Phrenic nerve transfer 25
Phrenic nerve grafted 19
Spinal accessory nerve transfer (anterior) 27
Spinal accessory nerve transfer (posterior) 10
Contralateral C7 transfer 12 10 73
Intercostal nerve transfer 17 5 25 31
Spinal accessory nerve + intercostal nerve transfer 31
Total 73 73 35 73 31

Table 2 Different outcomes for elbow flexion recovery using different 
reconstruction methods

Reconstruction methods

Elbow flexion

Efficient
 (n)

Non-efficient 
(n)

Total 
(n)

Efficacy 
(%)

Phrenic nerve transfer 21 4 25 84.0
Phrenic nerve grafted 16 3 19 84.2
Intercostal nerve transfer 13 4 17 76.5
Contralateral C7 transfer 8 4 12 66.7
Total 58 15 73 79.5

Comparisons were performed using chi square tests. Phrenic nerve-
transfer group: The phrenic nerve was transferred to upper trunk. 
Phrenic nerve-grafted group: The phrenic nerve was transferred to 
the musculocutaneous nerve grafted by the superficial branch of 
the radial nerve. Intercostal nerve-transfer group: The intercostal 
nerve was transferred to the musculocutaneous nerve. Contralateral 
C7 transfer group: The contralateral C7 nerve was transferred to the 
musculocutaneous nerve as well as to the median nerve.

Table 3 Different outcomes for shoulder abduction recovery using 
different reconstruction methods

Reconstruction methods

Shoulder abduction

Efficient
 (n)

Non-efficient
 (n)

Total 
(n)

Efficacy
 (%)

Spinal accessory nerve 
transfer (anterior)

21 6 27 77.8

Spinal accessory nerve 
transfer (posterior)

7 3 10 70.0

Intercostal nerve transfer 2 3 5 40.0*

Spinal accessory nerve + 
intercostal nerve transfer

26 5 31 83.9

Total 56 17 73 76.7

*P < 0.05, vs. other 3 groups. Comparisons were performed using 
chi square tests. Spinal accessory nerve-transfer groups (Anterior/
Posterior): The spinal accessory nerve was transferred to the 
suprascapular nerve via the anterior or posterior approach. Intercostal 
nerve-transfer group: The intercostal nerve was transferred to the 
axillary nerve. Spinal accessory nerve + intercostal nerve-transfer 
group: The spinal accessory nerve was transferred to the suprascapular 
nerve and the intercostal nerves were transferred to the axillary nerve.
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Figure 3 Preparation of the pedicled ulnar nerve graft. 
(A) The ulnar nerve (↑) of the affected upper limb was transected at 
the wrist level and the full-length nerve pedicled by the superior ulnar 
collateral artery (↓) was harvested. (B) The measurement of the ulnar 
nerve (↑) to the contralateral neck.

Figure 2 A patient under general anesthesia in the lateral position (A) 
and the skin incision superior to the scapular spine (B). 
The trapezius and the supraspinatus muscle were retracted and then the 
spinal accessory nerve (◆) was coapted to the suprascapular nerve (#) 
with no tension.

Figure 4 Intercostal nerve harvesting.
(A) Two intercostal nerves (*) and the long head of the triceps branch 
(▲) were harvested. (B) Two intercostal nerves (*) were directly coapt-
ed to the long head of the triceps branch (▲) with no tension in the 
axilla with the arm in full abduction.

B   

 B   

 A   

Intercostal nerve harvesting 
A continuous thoraco-brachial incision was performed in 
axilla, the lateral chest, and the arm. The thoracic part of 
the incision began from the inferior axilla and followed the 
curve of the anterior border of the latisimus dorsi muscle. 
The arm part of the incision was performed on the medial 
side of the arm. 

The ICNs were exposed in the chest incision. The latisi-
mus dorsi muscle and the serratus anterior muscle, as well 
as the periosteum of the ribs, were reflected and the inter-
costal nerves were exposed. The periosteum was detached 
and pulled downward to expose its posterior aspect, and the 
thin motor branch of each ICN was identified and harvested, 
while the split sensory branch was left inside (Figure 4). The 
numbers of ICNs harvested depended on the recipient nerves.

Reconstruction methods 
The phrenic nerve was transferred to upper trunk in 25 
patients and grafted to the musculocutaneous nerve in 19 
patients. The SAN was transferred to the SSN via an anterior 
approach in 49 patients and via a posterior approach in 19 
patients. The cC7 was transferred to the median nerve in 51 
patients, to the median + musculocutaneous nerves in 12 pa-
tients, and to the median nerve + the triceps branch in 10 pa-
tients. Two ICNs were transferred to the musculocutaneous 
nerve in 19 patients, to the axillary nerve in 36 patients, and 
to the radial nerve in 31 patients. Two or three ICNs were 
transferred to the triceps branch in 25 patients (Table 1).

Postoperative rehabilitation
Immediately after the operation, the affected limb was 
immobilized for 4 weeks. Physiotherapy began at 5 weeks 
to prevent joint contractures. Patients were also asked to 
breathe deeply, raise their shoulders, and to adduct their 
shoulders against resistance since contraction of the latissi-
mus dorsi muscle of the healthy side.

Statistical analysis
All data were analyzed with Stata 13.0 software (Stata Corp, 
Baltimore, MD, USA). Data are expressed as percentages. 
Comparisons among postoperative groups were performed 
using chi-square tests. P values less than 0.05 were consid-
ered statistically significant.

Results
Changes in the rates of functional recovery after surgery 
Among the 73 patients, 79.45% (58/73) exhibited effective 
recovery for elbow flexion, 76.71% (56/73) for shoulder abduc-
tion, 45.71% (16/35) for elbow extension, 38.71% (12/31) for 
wrist and finger extension, 54.79% (40/73) for wrist and finger 
flexion, and 57.53% (42/73) for the sensation around the me-
dian nerve. No complications were found in any patient.

Postoperative functional recovery 
Patients were divided into groups according to the recon-
struction method and rates of functional recovery for each 
category were determined for each group.

For elbow-flexion function, the efficacy rate was 84% 
(21/25) in phrenic nerve-transfer group, 84.21% (16/19) 
in phrenic nerve-grafted group, 76.47% (13/17) in the ICN 
transfer group, and 66.67% (8/12) in the cC7 transfer group. 
There was no statistically significant difference in efficacy 
between the groups (P > 0.05; Table 2).

For shoulder-abduction function, the efficacy rate was 
77.78% (21/27) in the anterior SAN-transfer group, 70% 
(7/10) in the posterior SAN-transfer group, 40% (2/5) in the 
group of ICNs transferred to the axillary nerve, and 83.87% 
(26/31) in the SAN + ICNs transfer group. Analysis showed 
that the efficacy rate for the group of ICNs transferred to the 
axillary nerve was significantly worse than that for the other 
groups (P < 0.05; Table 3). 

 A    B   

 A   
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For the transfer of the cC7 to the median nerve, the entire 
cC7 root was used in 33 patients (22 underwent the transfer of 
the cC7 to two recipient nerves simultaneously) and a partial 
cC7 root was used in 40 patients. The motor function recovery 
for the entire-C7 group was significantly better than that for 
the partial C7 group (P < 0.05; Table 4). However, we found 
no statistically significant difference in the recovery of senso-
ry function between the groups (P > 0.05; Table 4).

For elbow-extension function, the efficacy rate was 56% 
(14/25) in the ICNs-transfer group and 20% (2/10) in the 
cC7-transfer group (cC7 transfer to the median nerve + tri-
ceps branch). Analysis showed that these efficacy rates were 
significantly different (P < 0.05; Table 5).

For wrist- and finger-extension function, ICN transfer was 
conducted in 31 patients and the efficacy rate was 51.61% 
(16/31).

Discussion
At present, the most successful method of restoring affected 
limb function in patients with total BPAI is nerve transfer 
(Seddon, 1963; Panupan, 1995). In our department, the sur-
gical order for function restoration in patients with BPAI is 
elbow flexion, shoulder abduction and external rotation, el-
bow extension, wrist and finger flexion, and wrist and finger 
extension (Gu et al., 1984). 

The commonly used reconstruction methods for restoring 
elbow flexion are phrenic nerve transfer (with or without 
grafting the nerve) (El-Gammal et al., 2002), ICN trans-
fer (Ploncard, 1982; Nagano, 2001) and cC7 nerve transfer 
(Gu et al., 2002; Wang et al., 2012; Gao et al., 2013a,b,c; 
Hu et al., 2014; Yang et al., 2015). In the current study, all 
four reconstruction methods were used and no statistically 
significant difference was found in the rates of effective re-
covery. However, the cC7 group was special in that the cC7 
was transferred simultaneously to the median nerve and the 
musculocutaneous nerve. In this group (12 patients), the 
effective recovery rates for the two recipient nerves were 
both acceptable (66.67% for elbow flexion and 75% for wrist 
and finger flexion). This suggests that simultaneous transfer 
of the entire root of the cC7 nerve to the musculocutaneous 

and median nerves could be a good option for treating total 
BPAI because the median nerve and biceps branch are col-
laborative in motor functions (Terzis et al., 2009; Zou et al., 
2010; Gao et al., 2013a, b, c).

For shoulder function, the most commonly used donor 
nerves are the SAN (Terzis et al., 2006) and ICNs (Terzis 
et al., 2006). In the current study, four different methods 
were used to reconstruct the shoulder and restore function, 
including anterior transfer of the SAN to the SSN, posterior 
transfer of the SAN to the SSN, transfer of ICNs to the ax-
illary nerve, and transfer of the SAN to the SSN combined 
with transfer of ICNs to axillary nerve. According to the 
British Medical Research Council scale, the efficacy of ICN 
transfer to the axillary nerve was only 40%, which was sig-
nificantly worse than the other groups. This unsatisfactory 
result might have occurred because restoration of deltoid 
function alone could not provide enough stability for the 
glenohumeral joint, which is important for shoulder abduc-
tion. No statistically significant difference in efficacy was 
found between anterior and posterior transfers of the SAN 
to the SSN. Rui et al. (2013) conducted an electrophysio-
logical study to compare the effectiveness of anterior and 
posterior approaches of SAN transfer to the SSN. Similar 
to the current study, they found no significant difference 
between approaches in the time it took for the infraspinatus 
to show low-incidence motor unit action potentials and 
an incomplete interference pattern. Additionally, the final 
percentage of patients that showed potential regeneration 
of the infraspinatus did not significantly differ between the 
approaches. Our experience is that the anterior approach 
is more commonly used because it can be performed at the 
same time as brachial plexus exploration. Nevertheless, if a 
scapular fracture occurs, the posterior approach is recom-
mended because the SSN might be injured by the fracture 
and need a surgical exploration. In this study, we found no 
difference between the recovery in SAN-transfer (anterior 
and posterior) group and the SAN + ICNs group. However, 
the efficacy of shoulder abduction regarding the power of 
the target muscle does not accurately reflect the recovery 
of shoulder function. Using the degrees of abduction and 
external rotation might be better criteria. In the anterior 
and posterior SAN-transfer groups, patients achieved an 
average shoulder abduction of 45° and an average external 
rotation of 10°. Recovery in the SAN + ICNs transfer group 

Table 4 Different outcomes for median nerve functional recovery 
using different donor nerves

Entire cC7

Partial cC7One recipient Two recipients

Motor
 (n)

Sensory 
(n)

Motor
 (n)

Sensory 
(n)

Motor 
(n)

Sensory 
(n)

Efficient 9 9 15 10 16 23
Non-efficient 2 2 7 12 24 17
Total 33 40

Comparisons were performed using chi square tests. One-recipient 
group: The entire cC7 nerve was transferred to the median nerve. Two-
recipient group: The entire cC7 nerve was simultaneously transferred 
to the median nerve and to an additional nerve. Partial cC7 group: a 
portion of the cC7 nerve was transferred to the median nerve. cC7: 
Contralateral C7.

Table 5 Different outcomes for elbow extension recovery using 
different reconstruction methods

ICNs transfer

cC7 transfer (n) Total (n)Two ICNs (n) Three ICNs (n)

Efficient 10 4 2* 16
Non-efficient 8 3 8 21
Total 25 10 35

*P < 0.05, vs. the two-ICNs and three-ICNs groups. Comparisons were 
performed using chi square tests. Two/Three-ICNs groups: Two or 
Three ICNs were transferred to the triceps branch. cC7-transfer group: 
The cC7 nerve was transferred to the triceps branch in addition to the 
median nerve. ICNs: Intercostal nerves; cC7: contralateral C7.
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was markedly better, with the average shoulder abduction 
reaching 70° and the average external rotation reaching 30°. 
Cardenas-Mejia et al. (2008) reported that the average degree 
of shoulder abduction was 160° following triple-nerve trans-
fers, 85° following double-nerve transfers, and 65° following 
single-nerve transfers. Average shoulder abduction following 
either double-nerve or triple-nerve transfer was significantly 
greater than that achieved by single-nerve transfer. Thus, 
increasing the number of donor nerves appears to improve 
shoulder function and using the method that combines SSN 
and ICNs transfer is recommended for reconstructing the 
shoulder and restoring function.

For elbow extension, the usual treatment plan is to use the 
ICNs for direct transfer to the nerve of the long head of the 
triceps (Gao et al., 2013a, b, c), while in some special cases, 
the cC7 nerve is transferred simultaneously to the median 
nerve and triceps branch (Gao et al., 2013a, b, c). In the cur-
rent study, the efficacy was 56% (14/25) in the ICNs-trans-
fer group, but only 20% (2/10) in the cC7-transfer group 
(cC7transfer to the median nerve + triceps branch), which was 
a statistically significant difference. The median nerve and tri-
ceps branch were not collaborative for motor function, which 
might lead to poor recovery of triceps. In the ICNs group, two 
ICNs were used in 18 patients, and three ICNs in 7 patients. 
The recovery rate for the long head of the triceps was 55.56% 
in the two-ICNs group and 57.14% in the three-ICNs group, 
which was not a statistically significant difference. According 
to previous studies, the number of nerve fibers in the ICN is 
relatively small at approximately 500–700; however, the use 
of all motor fibers guaranteed the quality of the donor. 

Wrist- and finger-extension function was restored by ICNs 
with an efficacy reaching 51.61%. Most surgeons chose the ICN 
as the donor because wrist- and finger-extension functions are 
collaborative with elbow extension and because they are both 
innervated by the radial nerve. The ICN seems to be the rela-
tively optimal donor for the triceps and using the same donor 
nerve to reconstruct these two functions is reasonable.

cC7 nerve transfer is the most commonly used method for 
restoring function to the median nerve (Wang et al., 2011, 
2013; Gao et al., 2013a, b, c) because it contains many axons 
(Gu, 1994). However, some surgeons have recommended us-
ing only a portion of the cC7 nerve (not the entire root) as the 
donor nerve to conserve more of the healthy limb’s sensory 
function (Sungpet et al., 1999; Gao et al., 2010). In the present 
study, three different ways were used to harvest cC7, includ-
ing the entire root, 3/4 root, and half root. As shown in Table 
4, functional recovery for the whole-root cC7-transfer group 
was much better than that for the partial cC7-transfer group. 
Previous studies also reported similar results, indicating that 
transferring the entire cC7 nerve results in dramatically better 
recovery of median nerve function than transferring a partial-
ly harvested cC7 nerve (Waikakul et al., 1999; Panupan et al., 
2001; Sammer et al., 2012; Tu et al., 2014). Using the entire cC7 
nerve provides a large number of donor nerve fibers and thus 
promotes recovery. Anatomic variation in the C7 nerve root 
might erroneously lead a surgeon to use more sensory fascicles 
as donors than motor fascicles (Hierner et al., 2007). The func-

tional reorganization of the cerebral cortex should be another 
important factor for consideration, especially the postoperative 
transhemispheric functional reorganization of the motor cor-
tex (Sanes et al., 1997; Lou et al., 2006; Pan et al., 2012; Yang et 
al., 2017). However, this topic is still being actively researched. 
Despite the unknown mechanism, we strongly emphasize 
using the entire root as the donor rather than the partial fas-
cicles. Our results showed that the cC7 was also used to repair 
an additional recipient nerve together with the median nerve, 
without adversely affecting the recovery of the median nerve.

Although this study has a few limitations, such as being a 
retrospective study and having relatively low sample sizes, we 
can still preliminarily conclude that for total BPAI, optimal 
surgical treatment is phrenic nerve transfer for elbow flexion, 
SAN combined with ICNs transfer for shoulder function, 
ICNs transfer for elbow extension, entire cC7 transfer for me-
dian nerve function and ICNs transfer for finger extension. 
For older people or those whose phrenic nerve is unfit to be 
the donor, we recommend SAN combined with ICNs transfer 
for shoulder function, entire cC7 transfer for elbow flexion 
and median nerve function, and ICNs transfer for elbow ex-
tension and wrist and finger extension.

Acknowledgments: Wen-jie Guan and Jing Rui both helped to connect 
the patients and evaluate the function recovery of them. We would like 
to give our sincere gratitude to Dr. Wen-jie Guan and Jing Rui from De-
partment of Hand Surgery, Huashan Hospital, Fudan University, China. 
Author contributions: KMG designed the study. JJH and KMG per-
formed experiment. JJH, JL and XZ analyzed the data as well as wrote 
the paper. All authors approved the final version of the paper.
Conflicts of interest: None declared.
Financial support: This study was supported by the National Natural 
Science Foundation of China, No. H0605/81501871. The funder played 
no role in the study conception and design, collection, analysis and in-
terpretation of data,in the writing of the paper, and in the decision to 
submit the papaer for publication.
Research ethics: The study protocol was approved by the Ethics Com-
mittee of Fudan University of China (approval number: 2015-064). The 
trial was registered at ClinicalTrials.gov (identifier: NCT03166033).
Declaration of participant consent: The authors certify that they have 
obtained all appropriate patient consent forms. In the form, participants 
have given their consent for their images and other clinical information 
to be reported in the journal. Participants understand that their names 
and initials will not be published and due efforts will be made to conceal 
their identity, but anonymity cannot be guaranteed.
Data sharing statement: Datasets analyzed during the current study 
are available from the corresponding author on reasonable request.
Plagiarism check: Checked twice by iThenticate.
Peer review: Externally peer reviewed.
Open access statement: This is an open access article distributed under 
the terms of the Creative Commons Attribution-NonCommercial-Shar-
eAlike 3.0 License, which allows others to remix, tweak, and build upon 
the work non-commercially, as long as the author is credited and the 
new creations are licensed under identical terms.
Open peer reviewers: 
Luciana P. Cartarozzi, University of Campinas, Campinas, Brazil; Fa-
bricio Ferreira de Oliveira, Department of Neurology and Neurosurgery, 
Universidade Federal de Sao Paulo, Brazil.

References
Allieu Y, Privat JM, Bonnel F (1984) Paralysis in root avulsion of the 

brachial plexus. Neurotization by the spinal accessory nerve. Clin 
Plast Surg 11:133-136.

Cardenas-Mejia A, O’Boyle CP, Chen KT, Chuang DC (2008) Eval-
uation of single-, double-, and triple-nerve transfers for shoulder 
abduction in 90 patients with supraclavicular brachial plexus injury. 
Plast Reconstr Surg 122:1470-1478.



476

Gao KM, Hu JJ, Lao J, Zhao X (2018) Evaluation of nerve transfer options for treating total brachial plexus avulsion injury: a retrospective 
study of 73 participants. Neural Regen Res 13(3):470-476. doi:10.4103/1673-5374.228730

Chen L, Gu YD, Hu SN, Xu JG, Xu L, Fu Y (2007) Contralateral C7 
transfer for the treatment of brachial plexus root avulsions in chil-
dren: a report of 12 cases. J Hand Surg (Am) 32:96-103.

Chuang DC, Cheng SL, Wei FC, Wu CL, Ho YS (1998) Clinical evalu-
ation of C7  spinal nerve transection: 21 patients with at least 2 years’ 
follow-up. Br J Plast Surg 51:285-290.

Chuang DC, Hernon C (2012) Minimum 4-year follow-up on contra-
lateral C7  nerve transfers for brachial plexus injuries. J Hand Surg 
Am 37:270-276.

Chuang DC (1995) Neurotization procedures for brachial plexus inju-
ries. Hand Clin 11:633-645.

El-Gammal TA, Fathi NA (2002). Outcomes of surgical treatment of 
brachial plexus injuries using nerve grafting and nerve transfers. J 
Reconstr Microsurg 18:7-15.

Gao KM, Lao J, Zhao X, Gu YD (2006) Long-term Outcome of contra-
lateral C7  nerve transfer. Zhonghua Shouwaike Zazhi 4:195-197.

Gao KM, Lao J, Zhao X, Gu YD (2013a) Outcome after transfer of 
intercostal nerves to the nerve of triceps long head in 25 adult pa-
tients with total brachial plexus root avulsion injury. J Neurosurgery 
118:606-610.

Gao KM, Lao J, Zhao X, Gu YD (2013b). Outcome of contralateral C7  
nerve transferring to median nerve. Chin Med J (Engl) 126:3865-3868.

Gao KM, Lao J, Zhao X, Gu YD (2013c) Outcome of contralateral C7  
transfer to two recipient nerves in 22 patients with the total brachial 
plexus avulsion injury. Microsurgery 33:606-611.

Gao KM, Lao J, Zhao X, Gu YD (2010) Outcome of selective contralat-
eral C7  nerve transfer. Zhonghua Shouwaike Zazhi 6:324-327.

Goubier JN, Teboul F, Khalifa H (2011) Reanimation of elbow exten-
sion with intercostal nerves transfers in total brachial plexus palsies. 
Microsurgery 31:7-11.

Gu YD, Chen DS, Zhang GM, Cheng XM, Xu JG, Zhang LY (1998) 
Long term functional results of contralateral C7  transfer. J Reconstr 
Microsurg 14:57-59.

Gu YD, Ma MK (1996) Use of phrenic nerve for brachial plexus recon-
struction. Clin Orthop 323:119-121.

Gu YD, Wu MM, Zheng YL, Zhang GM, Yan JG, Cheng XM (1984) 
Microsurgical treatment for root avulsion of the brachial plexus. 
Chin Med J 100:519-522.

Gu YD, Xu JG, Chen L, Wang H, Hu SN (2002) Long-term outcome of 
contralateral C7  transfer: a report of 32 cases. Chin Med J 115:866-868.

Gu YD, Zhang GM, Chen DS (1992) Seventh cervical nerve root trans-
fer from the contralateral healthy side for treatment of brachial plex-
us root avulsion. J Hand Surg (Br) 17B:518-521.

Gu YD (1994) Distribution of the sensory endings of the C7  nerve root 
and its clinic significance. J Hand Surg Br 19:67-68.

Hierner R, Berger AK (2007) Did the partial contralateral C7 -transfer 
fulfil our expectations? Results after 5 year experience. Acta Neuro-
chir Suppl 100:33-35.

Hou Z, Xu Z (2002) Nerve transfer for treatment of brachial plexus in-
jury: Comparison study between the transfer of partial median and 
ulnar nerves and that of phrenic and spinal accessory nerves. Chin J 
Traumatol 5:263-266.

Hu S, Gu Y (2014) Contralateral C7  transfer for treatment of brachial 
plexus root avulsion. Handchir Mikrochir Plast Chir 46:80-84.

John J (1984) Grading of muscle power: comparison of MRC and an-
alogue scales by physiotherapists. Medical Research Council. Int J 
Rehabil Res 7:173-181.

Lou L, Shou T, Li Z, Li W, Gu Y (2006) Transhemispheric functional 
reorganization of the motor cortex induced by the peripheral contra-
lateral nerve transfer to the injured arm. Neuroscience 138:1225-1231.

Malessy MJ, Thomeer RT (1998) Evaluation of intercostal to musculo-
cutaneous nerve transfer in reconstructive brachial plexus surgery. J 
Neurosurg 88:266.

Midha R (2004) Nerve transfers for severe brachial plexus injuries: a 
review. Neurosurg Focus 16:E5.

Monreal R (2007) Restoration of elbow flexion by transfer of the 
phrenic nerve to musculocutaneous nerve after brachial plexus inju-
ries. Hand 2:206-211.

Nagano A (2001) Intercostal nerve transfer for elbow flexion. Tech 
Hand Up Extrem Surg 5:136-140.

Narakas AO, Hentz VR (1988) Neurotization in brachial plexus inju-
ries: indications and results. Clin Orthop 237:43-75.

Pan F, Wei HF, Chen L, Gu YD (2012) Different functional reorganiza-
tion of motor cortex after transfer of the contralateral C7  to different 
recipient nerves in young rats with total brachial plexus root avul-
sion. Neurosci Lett 531:188-192.

Panupan S, Saichol W, Banchong M (2001) Hemi-contralateral C7  
transfer to median never in the treatment of root avulsion brachial 
plexus. J Hand Surgery (Am) 26:1058-1064.

Panupan S (1995) Brachial plexus injury in Thailand: a report of 520 
cases. Microsurgery 16:35-39.

Ploncard P (1982) A new approach to the intercosto-brachial anasto-
mosis in the treatment of brachial plexus paralysis due to root avul-
sion. Late results. Acta Neurochir (Wien) 61:281-290.

Rui J, Zhao X, Zhu Y, Gu YD, Lao J (2013) Posterior approach for 
accessory-suprascapular nerve transfer: an electrophysiological out-
comes study. J Hand Surg Eur Vol 38:242-247.

Sammer DM, Kircher MF, Bishop AT, Spinner RJ, Shin AY (2012) 
Hemi-contralateral C7  transfer in traumatic brachial plexus injuries: 
outcomes and complications. JBJS 94:131-137.

Sanes JN, Donoghue JP (1997) Static and dynamic organization of mo-
tor area. Adv Neurol 73:277-296.

Seddon H (1963) Nerve grafting. J Bone Joint Surg 45:447-461.
Shin AY, Spinner RJ, Steinmann SP, Bishop AT (2005) Adult traumatic 

brachial plexus injuries. J Am Acad Orthop Surg 13:382-396.
Songcharoen P, Mahaisavariya B, Chotigavanich C (1996) Spinal ac-

cessory neurotization for restoration of elbow flexion in avulsion 
injuries of the brachial plexus. J Hand Surg Am 21:387-390.

Sungpet A, Suphachatwong C, Kawinwonggowit V (1999) Sensory 
abnormalities after the seventh cervical nerve root transfer. Micro-
surgery 19:287-288.

Terzis JK, Kokkalis ZT (2009) Selective contralateral C7  transfer in 
posttraumatic brachial plexus injuries: a report of 56 cases. Plast Re-
constr Surg 123:927-938.

Terzis JK, Kostas I, Soucacos PN (2006) Restoration of shoulder func-
tion with nerve transfers in traumatic brachial plexus palsy patients. 
Microsurgery 26:316-324.

Terzis JK, Kostas I (2006) Suprascapular nerve reconstruction in 118 
cases of adult posttraumatic brachial plexus. Plast Reconstr Surg 
117:613-629.

Tu YK, Tsai YJ, Chang CH, Su FC, Hsiao CK, Tan JS (2014) Surgical 
treatment for total root avulsion type brachial plexus injuries by 
neurotization: a prospective comparison study between total and 
hemicontralateral C7  nerve root transfer. Microsurgery 34:91-101.

Waikakul S, Orapin S, Vanadurongwan V (1999) Clinical results of con-
tralateral C7  root neurotization to the median nerve in brachial plexus 
injuries with total root avulsions. J Hand Surg (Br) 24:556-560.

Wang L, Zhao X, Gao K, Lao J, Gu YD (2011) Reinnervation of thenar 
muscle after repair of total brachial plexus avulsion injury with contra-
lateral C7  root transfer: report of five cases. Microsurgery 31:323-326.

Wang S, Yiu HW, Li P, Li Y, Wang H, Pan Y (2012) Contralateral C7  
nerve root transfer to neurotize the upper trunk via a modified pre-
spinal route in repair of brachial plexus avulsion injury. Microsur-
gery 32:183-188.

Wang SF, Li PC, Xue YH, Yiu HW, Li YC, Wang HH (2013) Contralat-
eral C7  nerve transfer with direct coaptation to restore lower trunk 
function after traumatic brachial plexus avulsion. J Bone Joint Surg 
(Am) 95:821-827.

Yang G, Chang KW, Chung KC (2015) A systematic review of out-
comes of contralateral C7  transfer for the treatment of traumatic 
brachial plexus injury: part 2. donor-site morbidity. Plast Reconstr 
Surg 136:480e-489e.

Yang G, Chang KW, Chung KC (2015) A Systematic review of con-
tralateral C7  transfer for the treatment of traumatic brachial plexus 
injury: part 1. overall outcomes. Plast Reconstr Surg 136:794-809.

Yang MJ, Li S, Yang CS, Wang XJ, Chang SM, Sun GX (2017) Dynam-
ic alterations of the levels of tumor necrosis factor-α, interleukin-6, 
and interleukin-1β in rat primary motor cortex during transhemi-
spheric functional reorganization after contralateral seventh cervical 
spinal nerve root transfer following brachial plexus avulsion injuries. 
Neuroreport 28:279-284.

Zou YW, Wang ZJ, Yu H (2010) Treatment of brachial plexus injury 
with modified contralateral C7  transfer. Orthop Surg 2:14-18.

（Copyedited by Wang J, Li CH, Qiu Y, Song LP, Zhao M）


