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Abstract
If a partial contralateral C7 nerve is transferred to a recipient injured nerve, results are not satisfactory. However, if an entire contralater-
al C7 nerve is used to repair two nerves, both recipient nerves show good recovery. These findings seem contradictory, as the above two 
methods use the same donor nerve, only the cutting method of the contralateral C7 nerve is different. To verify whether this can actually 
result in different repair effects, we divided rats with right total brachial plexus injury into three groups. In the entire root group, the entire 
contralateral C7 root was transected and transferred to the median nerve of the affected limb. In the posterior division group, only the 
posterior division of the contralateral C7 root was transected and transferred to the median nerve. In the entire root + posterior division 
group, the entire contralateral C7 root was transected but only the posterior division was transferred to the median nerve. After neurec-
tomy, the median nerve was repaired on the affected side in the three groups. At 8, 12, and 16 weeks postoperatively, electrophysiological 
examination showed that maximum amplitude, latency, muscle tetanic contraction force, and muscle fiber cross-sectional area of the flexor 
digitorum superficialis muscle were significantly better in the entire root and entire root + posterior division groups than in the posterior 
division group. No significant difference was found between the entire root and entire root + posterior division groups. Counts of myelin-
ated axons in the median nerve were greater in the entire root group than in the entire root + posterior division group, which were greater 
than the posterior division group. We conclude that for the same recipient nerve, harvesting of the entire contralateral C7 root achieved 
significantly better recovery than partial harvesting, even if only part of the entire root was used for transfer. This result indicates that the 
entire root should be used as a donor when transferring contralateral C7 nerve. 
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Graphical Abstract

Entire root should be used as a donor when transferring contralateral C7 (cC7) nerve for median nerve repair

Introduction
Contralateral C7 (cC7) nerve transfer originated with Gu et 
al. (1992, 1998, 2002). As cC7 is not always involved in the 
injury, it has been considered as one of the most effective 
procedures and is commonly used in the treatment of total 
brachial plexus avulsion injury patients (Chuang et al., 1998, 

2012; Gao et al., 2006; Chen et al., 2007; Wang et al., 2011, 
2013; Lin et al., 2013; Yang et al. , 2015). Gu et al. (1998) 
reported that functional recovery of median nerve reached 
62.5% for motor function and 75% for sensory function. 
Terzis et al. (2009) also reported 62% of motor function and 
41% of sensory function recovery of median nerve. Neuro-
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morphological investigations showed that the total axonal 
count for cC7 averaged approximately 24,000 (Sungpet et 
al., 1990; Chuang, 1995), which was much more than any 
of the recipient nerves, such as median nerve and radial 
nerve. For this reason, some surgeons recommended using 
a partial cC7 nerve, but not the entire root, as the donor. 
However, Gao et al. (2013) reported that harvesting of the 
entire cC7 nerve root promoted significantly better recovery 
than partially harvested cC7 nerve root transfer when repair-
ing median nerve. Gao et al. (2013) also reported that if the 
entire cC7nerve root was harvested for simultaneous transfer 
to median nerve and the biceps branch, in which situation 
the donor for the median nerve was equivalent to partial cC7 
root transfer, both recipient nerves achieved good recovery. 

Such a result is interesting yet seems contradictory, lead-
ing us to question what a reasonable explanation for this 
phenomenon may be. We supposed that the harvesting of 
the entire cC7 nerve root might be the key factor for the good 
outcome of cC7 nerve transfer. To examine this, we conduct-
ed the study described herein.

Materials and Methods
Animal preparation
Fifty-four adult female Sprague-Dawley rats weighing 200–
250 g were provided by the Experiment Animal Center of 
Fudan University, China (license No. DF014). The rats were 
housed in plastic cages on clean sawdust, under a 12-hour 
light/dark cycle, with six animals per cage. The rats had free 
access to food and water. The right forelimb was chosen as 
the affected limb. 

The fifty-four rats were randomly assigned to the entire 
root group, the posterior division group and the entire root 
+ posterior division group. In each group, the 18 rats were 
equally divided to three subgroups: the 8-week post-opera-
tion group, the 12-week post-operation group, and the 16-
week post-operation group.

The study protocol was approved by the Animal Ethics 
Committee of Fudan University of China (20150629A335). 
The experimental procedure followed the United States 
National Institutes of Health Guide for the Care and Use of 
Laboratory Animals (NIH Publication No. 85–23, revised 
1985). All rats were intraperitoneally injected preoperatively 
with 10% chloral hydrate solution (3 mL/100 g; Shanghai 
Reagent Company, Shanghai, China) for general anesthesia. 
All efforts were made to minimize the number and suffering 
of the animals used in the experiment.

Model of total brachial plexus injury 
After general anesthesia, experimental rats were fixed in the 
supine position. The fur of the surgery area was shaved and 
the skin was prepared with iodine. As per the procedure in-
troduced by Wang et al. (2014) and Jiang et al. (2016), a su-
praclavicular transverse incision was made on the right side 
to expose C5 to T1 nerve roots and then the nerve roots from 
C5 to T1 were completely transected at the intervertebral 
foramen level after blocked by 2% lidocaine to imitate total 
brachial plexus injury (BPI) (Figure 1). No active motion of 

the affected limb after surgery was considered as successful 
establishment of the BPI model.

cC7 nerve transfer
The cC7 nerve transfer was conducted in two stages. In the 
first stage, the normal contralateral plexus (left side) was 
explored. It was exposed to the trunk-to-division level and 
a longitudinal epineurotomy was performed in the division 
to separate the anterior and posterior division. Afterwards, 
the ulnar nerve was harvested from the affected limb and 
passed across the chest through a subcutaneous tunnel then 
transferred to the normal neck. The donor cC7 nerve root 
was harvested in three different ways and the rats were sep-
arated into three different groups depending on the method 
of harvesting. In the entire root group, the entire root of the 
cC7 nerve was transected and coapted with the ulnar nerve 
using 11-0 microsutures (Figure 2A). In the posterior divi-
sion group, only the posterior division of the cC7 nerve was 
transected and coapted with the ulnar nerve (Figure 2B). In 
the entire root + posterior division group, the entire root of 
the cC7 nerve was transected but only the posterior division 
was coapted with the ulnar nerve, and then the anterior 
division was transferred to the pectoralis major, bridged by 
the medial antebrachial cutaneous nerve on the affected side 
(Figure 2C).

The second stage was performed 4 weeks after the first 
stage in all groups. The ulnar nerve and median nerve on the 
affected side were transected at the level of the middle of the 
arm and then the distal stump of the ulnar nerve was coapt-
ed to the proximal stump of the median nerve with 11-0 
microsutures.

Electrophysiological examination of the median nerve, a 
muscle tetanic contraction force test and measurement of the 
muscle fiber cross-sectional area of the flexor digitorum su-
perficialis (FDS), as well as neuromorphology of the median 
nerve were performed for the three groups at 8, 12, and 16 
weeks postoperatively, with 6 rats from each group at each 
time point. All examinations were performed at 24°C and 
warm saline was used to keep the muscles and nerves moist.

Electrophysiological examination
Electromyograms were conducted using Neuromatic 2000M 
keypoint 4-channel electrophysiological apparatus (Dantec, 
Skovlunde, Denmark) at 8, 12, and 16 weeks postoperative-
ly. An electrode was used to stimulate the cC7 nerve with 
single square wave shocks, 2.5 mA super pulse current, 0.2 
ms pulse width, and 1 Hz stimulus frequency. The FDS was 
selected as the representative muscle of the median nerve 
and a concentric needle recording electrode was inserted to 
obtain the electrical signal. The maximum amplitude and la-
tency of compound muscle action potentials were recorded 
from the FDS.

Muscle tetanic contraction force test
At 8, 12, and 16 weeks postoperatively, the FDS tendon was 
transected at the wrist level and the muscle belly was then 
dissected to its origin at the medial epicondyle of the humer-
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us. The distal end of the FDS was then attached to a force 
displacement transducer (JZJ101, Chengdu Instruments, 
China), with an optimal initial length, by a 4-0 silk suture and 
the transducer was then linked to a multichannel physiology 
signal collection system (RM6240BD, Chengdu Instruments, 
China). The electrodes were placed on the surface of the 
muscle belly and the maximal value of the tetanic contraction 
force of the muscle was evaluated with 2.0 V amplitude, 20 
Hz frequency, and 1 ms wave width stimulation. 

Muscle fiber cross-sectional area 
The muscle fiber cross-sectional area (CSA) was evaluated 
at 8, 12, and 16 weeks postoperatively. The FDS muscle was 
harvested after the muscle tetanic contraction force test. 
The muscle was then fixed with 10% formalin, dehydrated 
through a graded alcohol series and embedded with paraffin. 
Afterwards, muscle sections of 5 μm thickness were cut from 
the middle of the belly and stained with hematoxylin and 
eosin. The average muscle fiber CSA of the FDS was evalu-
ated by measuring five random areas at 200× magnification 
by light microscopy (LeicaDWLB2, Leica, Heidelberg, Ger-
many), using digital image analysis software (Leica-Qwin, 
Leica).

Neuromorphology
Neuromorphology of the median nerve was also conducted 
at 8, 12, and 16 weeks postoperatively in each group. After 
electrophysiological examination, a 2 mm length of the me-
dian nerve of the affected limb was harvested from a point 
5 mm distal to the elbow. The nerve segment was fixed with 
2.5% glutaraldehyde for 72 hours, dehydrated through a 
graded alcohol series, and embedded in epoxy resin. The 
median nerve segment was then cut into 0.5 μm sections 
and stained with 5% toluidine blue. The cross-section of the 
nerve was examined by microscopy at 400× magnification 
(LeicaDWLB2, Leica) and the total number of myelinated 
axons was quantified using Leica FW2000 analysis software 
(Leica-Qwin) by measuring the area of view and myelinated 
axon counts and calculating the mean density of myelinated 
axons.

Statistical analysis 
All analyses were conducted with Stata 13.0 software 
(STATA Data Analysis and Statistical Software, Baltimore, 
Maryland, USA). Data were expressed as the mean ± SD. 
Comparisons among postoperative groups were performed 
using a one-way analysis of variance test followed by Stu-
dent-Newman-Keuls post hoc tests, and P values less than 
0.05 were considered statistically significant. 

Results
Electrophysiological examination
All 54 rats survived and no wound infection or self-mutila-
tion occurred. The electrophysiological examination showed 
that there was no significant difference in maximum ampli-
tude or latency of compound muscle action potentials of the 
median nerve (recorded in the FDS) between the entire root 

group and the entire root + posterior division group (P > 
0.05), but these were significantly greater than in the poste-
rior division group (P < 0.05) (Tables 1 and 2).

Muscle tetanic contraction force test 
The muscle tetanic contraction force test of the FDS showed 
that there was no significant difference between the entire 
root group and the entire root + posterior division group (P 
> 0.05), which were significantly greater than the posterior 
division group (P < 0.05; Table 3).

Muscle fiber cross-sectional area 
The muscle fiber CSA evaluation of the FDS showed that 
there was no significant difference in cross-sectional area be-
tween the entire root group and the entire root + posterior 
division group (P > 0.05), but they were significantly larger 
than that of the posterior division group (P < 0.05) (Table 4). 
Representative light photomicrographs of the morphology 
of the FDS are provided in Figure 3.

Neuromorphology 
Axon counts showed that the number of myelinated fibers of 
median nerve in the entire root group was significantly in-
creased compared with those in the posterior division group 
and the entire root + posterior division group (P < 0.05) and 
the counts of entire root + posterior division group were 
significantly greater than in the posterior division group (P 
< 0.05) (Table 5). Representative light photomicrographs 
showing the morphology of the median nerve in the three 
groups  are provided in Figure 3.

Discussion
At present, nerve transfer is recognized as the most suc-
cessful method to restore affected limb function after total 
brachial plexus injury (Gu et al., 1987; Narakas et al., 1988; 
Panupan et al. 1995; El-Gammal et al., 2002; Hou et al., 
2002; Shin et al., 2005; Gao et al., 2013a, b c). However, the 
numbers of donors are limited and sometimes involved in 
the injury. The contralateral C7 nerve has been considered 
as one of the most useful donors for the reconstruction of 
brachial plexus function (Muhetidier et al., 2011; Wang et 
al., 2013; Hu et al., 2014; Tu et al., 2014; Zhang et al., 2015) 
as it is not involved in the initial injury and contains a large 
number of axons, averaging approximately 24,000. Further 
investigation showed that the posterior division of the C7 
nerve root contains relatively more motor fascicles, while 
the anterior division contains more sensory fascicles (Gu et 
al., 1994; Lao et al., 1995). Based on this neuromorphological 
result for the cC7 root, some surgeons recommended using 
a partial cC7nerve as the donor nerve and not the entire root 
in order to retain more sensory function in the healthy limb 
(Hierner et al. 2007; Gao et al., 2010; Zou et al., 2010) but the 
results were not always satisfactory. Waikakul et al. (1999) 
and Panupan et al. (2001) both reported a 29% effective mo-
tor function recovery rate of the median nerve and Sammer 
et al. (2012) reported no effective recovery of the median 
nerve when harvesting half of a cC7 nerve root as the donor. 
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On the contrary, Gao et al. (2013) reported that harvesting 
and transfer of the entire cC7 nerve root resulted in signifi-
cantly better recovery than partial harvest of the cC7 nerve 
root when repairing median nerve. In his investigation, the 
motor function recovery of the median nerve was 81.82% 
in the entire cC7 group, while it was only 40% in the partial 
cC7 group. Gao et al. (2013) also reported that if the entire 

cC7 nerve root was harvested to simultaneously repair the 
median nerve and the biceps branch, both recipient nerves 
achieved good recovery, which was 75% for median nerve 
motor function recovery and 66.7% for elbow flexion. Terzis 
et al. (2009) also successfully used the entire cC7 nerve root 
to selectively transfer to multiple recipient nerves in 56 cas-
es. These previous results seem contradictory. If the entire 
cC7 nerve root was transferred to two or more recipients, 
only partial cC7 fascicles (equivalent to partially harvested 
cC7 root transfer) could be the donor for the median nerve, 
but the result was much better than transfer of partially har-
vested cC7 root. We supposed that the method of harvesting 
the cC7 nerve root would be a key factor for the cC7 nerve 
transfer. 

Although the regeneration of the median nerve and the 
recovery of the FDS improved with prolonged time, the con-
sistent results at 8, 12, and 16 weeks post-operation support-
ed our viewpoint that harvest of the entire cC7 nerve root, 
whether or not the entire root or only the posterior division 
was used as the donor, eventually resulted in significantly 
better functional recovery than harvest only of the cC7 pos-
terior division for transfer. 

The result of this experiment is interesting, but the mech-

Table 1 Maximum amplitude (mV) of compound muscle action 
potentials of median nerve when recorded in flexor digitorum 
superficialis 

Post-operation 
(week)

Entire root 
group

Posterior 
division group

Entire root +  posterior 
division group

8 5.47±0.83* 2.18±0.61 5.18±0.71*

12 9.68±0.88* 5.8±0.81 11.2±1.83*

16 21.9±2.45* 12.5±2.07 20.6±3.02*

*P < 0.05, vs. posterior division group. Data are expressed as the 
mean ± SD (n = 6, one-way analysis of variance test followed by 
Student-Newman-Keuls post hoc test). Entire root group: The entire 
contralateral C7 root was transected and transferred to the median 
nerve of the affected limb. Posterior division group: Only the posterior 
division of the contralateral C7 root was transected and transferred to 
the median nerve. Entire root + posterior division group: The entire 
contralateral C7 root was transected, while only the posterior division 
was transferred to the median nerve.

Table 2 Latency (ms) of compound muscle action potentials of 
median nerve recorded in flexor digitorum superficialis 

Post-operation 
(week)

Entire root 
group

Posterior 
division group

Entire root + posterior 
division group

8 3.83±0.59 3.97±0.62 3.80±0.58
12 2.02±0.28 2.37±0.16 2.17±0.36
16 1.37±0.11* 1.61±0.14 1.42±0.11*

*P < 0.05, vs. posterior division group. Data are expressed as the 
mean ± SD (n = 6, one-way analysis of variance test followed by 
Student-Newman-Keuls post hoc test). Entire root group: The entire 
contralateral C7 root was transected and transferred to the median 
nerve of the affected limb. Posterior division group: Only the posterior 
division of the contralateral C7 root was transected and transferred to 
the median nerve. Entire root + posterior division group: The entire 
contralateral C7 root was transected, while only the posterior division 
was transferred to the median nerve.

Table 3 Muscle tetanic contraction force test (g) of flexor digitorum 
superficialis 

Post-operation 
(week)

Entire root 
group

Posterior 
division group

Entire root + posterior 
division group

8 3.48±0.39* 1.78±0.21 3.07±0.14*

12 6.21±0.54* 3.46±0.39 6.05±0.79*

16 11.21±1.68* 6.19±0.86 10.08±1.07*

*P < 0.05, vs. posterior division group. Data are expressed as the 
mean ± SD (n = 6, one-way analysis of variance test followed by 
Student-Newman-Keuls post hoc test). Entire root group: The entire 
contralateral C7 root was transected and transferred to the median 
nerve of the affected limb. Posterior division group: Only the posterior 
division of the contralateral C7 root was transected and transferred to 
the median nerve. Entire root + posterior division group: The entire 
contralateral C7 root was transected, while only the posterior division 
was transferred to the median nerve.

Table 4 Muscle fiber cross-sectional area (μm2) of flexor digitorum 
superficialis

Post-
operation 
(week)

Entire root 
group

Posterior division 
group

Entire root + 
posterior division 
group

8 10,268.60±886.45* 6,431.71±776.67 9,613.6±675.11*

12 13,836.84±1,204.78* 9,408.73±494.16 12,855.88±571.65*

16 20,754.74±1,239.52* 11,116.59±984.14 18,838.19±853.87*

*P < 0.05, vs. posterior division group. Data are expressed as the 
mean ± SD (n = 6, one-way analysis of variance test followed by 
Student-Newman-Keuls post hoc test). Entire root group: The entire 
contralateral C7 root was transected and transferred to the median 
nerve of the affected limb. Posterior division group: Only the posterior 
division of the contralateral C7 root was transected and transferred to 
the median nerve. Entire root + posterior division group: The entire 
contralateral C7 root was transected, while only the posterior division 
was transferred to the median nerve.

Table 5 Axon counts of myelinated fibers in median nerve

Post-operation 
(week)

Entire root 
group

Posterior 
division group

Entire root + posterior 
division group

8 1,955±109*# 1,191±111 1,766±101*

12 2,565±97*# 1,897±55 2,443±58*

16 3,251±89*# 2,387±64 3,053±66*

*P < 0.05, vs. posterior division group; #P < 0.05, vs. entire root + 
posterior division group. Data are expressed as the mean ± SD (n = 
6, one-way analysis of variance test followed by Student-Newman-
Keuls post hoc test). Entire root group: The entire contralateral C7 root 
was transected and transferred to the median nerve of the affected 
limb. Posterior division group: Only the posterior division of the 
contralateral C7 root was transected and transferred to the median 
nerve. Entire root + posterior division group: The entire contralateral 
C7 root was transected, while only the posterior division was 
transferred to the median nerve.



98

Gao KM, Lao J, Guan WJ, Hu JJ (2018) Is it necessary to use the entire root as a donor when transferring contralateral C7 nerve to repair median nerve?
Neural Regen Res 13(1):94-99. doi:10.4103/1673-5374.224376.

anism is still unknown. We hypothesize that functional re-
organization of cerebral cortex might play an important part 
in the process (Jiang et al., 2010; Hua et al., 2012; Stephen-
son et al., 2013; Li et al., 2015; Yu et al., 2017). Functional 
reorganization of cerebral cortex will occur secondary to 
nerve transfer, but what may be more important for con-
tralateral C7nerve transfer is the post-operative trans-hemi-
spheric functional reorganization of the motor cortex (Lou 
et al., 2006; Pan et al., 2012; Yang et al., 2017). The efficiency 
of these two types of functional reorganization largely deter-
mines the recovery of the recipient nerve (Sanes et al., 1997; 
Chen et al., 1998). Wei et al. (2011) reported that the expres-
sion levels of BDNF and GAP43 mRNA were significantly 
increased in brain samples after cC7 nerve transfer, which 
indicates that BDNF and GAP43 may play an important 
role during dynamic trans-hemispheric functional reor-
ganization. We hypothesize that the different methods of 
harvesting of cC7 nerve root may lead to different expression 
of BDNF and GAP43 mRNA owing to different functional 
reorganization of the cerebral cortex, eventually resulting 
in different functional recovery. However, this hypothesis 

needs to be investigated and proven in further research. 
Despite the unknown mechanism, we strongly recommend 
that the entire root of the cC7 nerve be used as the donor. 

Acknowledgments: We would like to give our sincere gratitude to Pro-
fessor Ji-feng Li and Dr. Jin-ding Guo from Department of Hand Sur-
gery, Huashan Hospital, Fudan University, China for their contributions 
to this study.
Author contributions: KMG designed this study. KMG and WJG per-
formed experiments. JL and JJH analyzed the data and wrote the paper. 
All authors approved the final version of the paper.
Conflicts of interest: None declared.
Financial support: None.
Research ethics: The study protocol was approved by the Animal Ethics 
Committee of Fudan University of China (approval No. 20150629A335). 
The experimental procedure followed the United States National Insti-
tutes of Health Guide for the Care and Use of Laboratory Animals (NIH 
Publication No. 85-23, revised 1985).
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.

References
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.

Chen R, Corwell B, Yaseen Z, Hallett M, Cohen LG (1998) Mecha-
nisms of cortical reorganization in lower-limbs amputees. J Neurosci 
18:3443-3450.

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

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.

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.

Figure 1 C5–T1 nerve roots 
(arrows) on the right side 
were exposed and blocked 
by 2% lidocaine and then 
transected at the level of the 
intervertebral foramen to 
simulate total brachial 
plexus injury. Figure 2 Transfer of the entire root, posterior division and entire 

root + posterior division.
(A) The entire root of contralateral C7 (cC7) nerve (↓) was transected 
at the trunk-to-division level and coapted with the ulnar nerve (*) on 
the affected side, with no tension, by 11-0 microsutures. (B) The an-
terior division (→) and posterior division (▲) of the cC7 nerve were 
separated at the division level and only the posterior division (▲) was 
transected and coapted with the ulnar nerve (*) on the affected side, 
with no tension, by 11-0 microsutures. (C) Both the anterior (→) and 
posterior (▲) division of the cC7 nerve was transected at the division 
level, while only the posterior division (▲) was coapted with ulnar 
nerve (*) on the affected side, with no tension, by 11-0 microsutures. 
The anterior division was transferred to the pectoralis major bridged 
by the medial antebrachial cutaneous nerve (#) on the affected side.

A B C

Figure 3 Morphology of the FDS and neuromorphology of the 
median nerve in the affected limb. 
The upper panels show the muscle morphology of the FDS, stained 
with hematoxylin and eosin, of the three groups at 16 weeks post-op-
eration at 200× magnification. The bottom panels show the neuromor-
phology of the median nerve, stained with 5% toluidine blue, of the 
three groups at 400× magnification at 16 weeks post-operation. The 
muscle fiber cross-sectional area of the FDS of the entire root group 
and the entire root + posterior division group was larger than that of 
the posterior division group and significantly greater axon numbers, 
with better morphology of the myelinated fibers can be seen in the 
entire root group. In the entire root group the entire contralateral C7 
root was transected and transferred to the median nerve of the affected 
limb. In the posterior division group, only the posterior division of 
the contralateral C7 root was transected and transferred to the median 
nerve. In the entire root + posterior division group, the entire contra-
lateral C7 root was transected but only the posterior division was trans-
ferred to the median nerve. FDS: Flexor digitorum superficialis. 



99

Gao KM, Lao J, Guan WJ, Hu JJ (2018) Is it necessary to use the entire root as a donor when transferring contralateral C7 nerve to repair median nerve?
Neural Regen Res 13(1):94-99. doi:10.4103/1673-5374.224376.

Gao KM, Lao J, Zhao X, Gu YD (2006) Long-term outcome of contra-
lateral C7 nerve transfer. Chin J Hand Surgery 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 Jie, Zhao Xin, Gu YD (2013c) Outcome of contralateral 
C7 transfer to two recipient nerves in 22 patients with the total bra-
chial plexus avulsion injury. Microsurgery 33:606-611.

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

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

Gu YD, Wu MM, Zhen YL, Zhang GM, Yan JG, Cheng XM, Chen DS 
(1987) Microsurgical treatment for root avulsion of the brachial 
plexus. Chin Med J (Engl) 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, Yan JG, Cheng XM, Chen L (1992) 
Seventh cervical nerve root transfer from the contralateral healthy 
side for treatment of brachial plexus 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.

Jiang Y, Wang L, Lao J, Zhao X (2016) Comparative study of intercos-
tal nerve transfer to lower trunk and contralateral C7 root transfer in 
repair of total brachial plexus injury in rats. J Plast Reconstr Aesthet 
Surg 69:623-628.

Lao J, Hung LK, Gu YD, Qiu YC (1995) Optimal time of contralateral 
side C7 root transfer for brachial plexus root avulsion: experimental 
study. J Chin Hand surg 3:165-167.

Lin H, Sheng J, Hou C (2013) The effectiveness of contralateral C7 
nerve root transfer for the repair of avulsed C7 nerve root in total 
brachial plexus injury: an experimental study in rats. J Reconstr Mi-
crosurg 29:325-330.

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

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

Muhetidier A, Yilixiati S, Gulinaer Y, Aihemaitijiang Y (2011) Clinical 
outcome of contralateral C7 nerve root transposition for treatment 
of brachial plexus root avulsion injury. Zhongguo Xiu Fu Chong 
Jian Wai Ke Za Zhi 25:1364-1366.

Narakas AO, Hentz VR (1998) 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) 26A:1058-1064.

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

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.

Shin AY, Spinner RJ, Steinmann SP, Bishop AT (2005) Adult traumatic 
brachial plexus injuries. J Am Acad Orthop Surg 13:382-396.

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.

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) C1inical results of 
contralateral C7 root neurotization to the median nerve in brachial 
plexus injuries with total root avulsions. J Hand Surg (Br) 24:556-
560.

Wang L, Jiang Y, Lao J, Zhao X (2014) Contralateral C7 transfer to 
lower trunk via the prespinal route in the repair of brachial plexus 
injury: an experimental study in rats. J Plast Reconstr Aesthet Surg 
67:1282-1287.

Wang L, Zhao X, Gao K, Lao J, Gu YD (2011) Reinnervation of thenar 
muscle after repair of total brachial plexus avulsion injury with con-
tralateral 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.

Wei HF, Zeng BF, Chen YF, Chen L, Gu YD (2011) BDNF and GAP43 
contribute to dynamic transhemispheric functional reorganization 
in rat brain after contralateral C7 root transfer following brachial 
plexus avulsion injuries. Neurosci Lett 500:187-191.

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-9e.

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.

Yu A, Wang S, Cheng X, Liang W, Bai R, Xue Y, Li W (2017) Function-
al connectivity of motor cortical network in patients with brachial 
plexus avulsion injury after contralateral cervical nerve transfer: a 
resting-state fMRI study. Neuroradiology doi: 10.1007/s00234-017-
1796-0.

Zhang L, Zhang CL, Dong Z, Gu YD (2017) Outcome of finger exten-
sion after nerve transfer to repair c7-t1 brachial plexus palsy in rats: 
comparative study of the supinator motor branch transfer to the 
posterior interosseous nerve and the contralateral c7 transfer to the 
lower trunk. Neurosurgery doi: 10.1093/neuros/nyw160.

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

（Copyedited by Turnley A, Raye W, Wang J, Li CH, Qiu Y, Song LP, 
Zhao M）


