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Abstract
Background: Brachial plexus injury is most commonly caused by motorcycle accidents and leads to a 
deficit of motor strength, pain and disability of the upper limb. The main purpose of reconstructive action 
of brachial plexus injury is to restore the function of the shoulder and elbow. Aim: This study aimed to 
compare the clinical function of post-operative nerve grafting with nerve transfer in patients with brachial 
plexus injury.

Methods: This study enrolled a sample of patients who had surgery and evaluated the range of active 
movement of shoulder abduction and elbow flexion; motor strength using the scale of the British Medical 
Research Council (BMRC); neuropathic pain using Visual Analog Scale (VAS); and upper extremity 
disability using the Quick Disability of the Arm, Shoulder, and Hand (Quick DASH) questionnaire.

Results: 30 patients were divided into groups of nerve grafting and nerve transfer with each group consisting 
of 15 patients. 13 patients (87%) of each group had motor strength of functional shoulder abduction (>M3) 
(p = 0.874). 13 patients (87%) had better functional elbow flexion motor strength (>M3) in the nerve transfer 
group than 11 patients (73%) of the nerve grafting group (p = 0.036). 

Conclusion: The postoperative nerve transfered clinical function showed a better elbow flexion function 
with a lower severity of upper limb disability.
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Introduction
Brachial plexus injury is a peripheral nerve 

injury in the upper limb which is often diagnosed and 
neglected by medical practitioners because of waiting 
for a functional recovery, resulting in motor and sensory 

deficits, accompanied by pain and limitation of limb 
function which are mutually debilitating. Consequently, 
it results in a decreased life quality of patients and more 
negative impacts in terms of psycho-socio-economic1.

As the number of survivors increases from high-
speed motorcycle cidents, the number of brachial plexus 
injuries also increases. From several epidemiological 
studies in the United States and Europe, 10-20% of 
peripheral nerve injuries are brachial plexus injuries with 
a prevalence of 1.2%, in which 80-90% of such injuries 
are caused by motor vehicle accidents2. Brachial plexus 
injury is found in the 15-25 year-old male patients3.

The management of brachial plexus injury is 
still considered a futile attempt by some peripheral 
neurologists until the 1960s. However, it changes 
drastically along with the development of physiology 
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knowledge and peripheral nerve reconstruction 
techniques. The nerve grafting technique is quite 
effective in bridging the gap that is too wide after the 
excision of the nerve segment of the brachial plexus that 
is damaged and contains fibrotic tissue, compared to the 
previous action of shortening the collarbone to perform 
end-to-end coaptation of the neural stump proximal to 
distal4.

Nerve graft acts as a source of the endoneurial tube 
in which the axonal regeneration occurs. Autogenous 
nerve graft has another advantage, which is capable 
of providing a viable source of Schwann cells5. 
Neurotization techniques are published in the form 
of direct connection of functional donor nerves to 
the injured recipient nerves. It has provided a major 
advance in the technique of brachial plexus injury neural 
reconstruction6.

The main purpose of neural reconstruction in 
brachial plexus injury is to restore clinical function and 
achieve optimal patients’ quality of life7. The success 
of nerve reconstruction with micro surgical techniques 
should be followed by the assessment of patients’ 
clinical function as postoperative follow-up8 both 
oriented to surgeons such as range of movement (ROM) 
measurement of joint activation and motor strength 
recovery, as well as patient-oriented assessment such as 
neuropathic pain severity and upper limb dysfunction9. 
From that statement, the aim of this study to compare the 
clinical function of post-operative nerve grafting with 
nerve transfer in patients with brachial plexus injury10.  

Method
This study used an observational analytic study, 

with a retrospective cohort design, in which the 
researchers performed a comparative analysis of current 
postoperative clinical function in two groups of patients 
who had performed different surgical actions in the past.

The sample of the study was patients with brachial 
plexus injury post-operative nerve grafting and nerve 
transfer, and conducted on January 1, 2009 until 
September 30, 2014 in Dr. Soetomo Teaching Hospital 
Surabaya. The sampling technique applied consecutive 
sampling, in which each patient who fulfilled the 
inclusion and exclusion criteria was included in the study 
sample until the required sample number was obtained. 

The inclusion criteria were nerve grafting and nerve 
transfer performed by one operator, the surgery was 

conducted minimal and maximum within 9 months after 
the trauma event, and the clinical function evaluation 
was conducted at least 6 months after the surgery. 
On the other hand, the exclusion criteria included 
brachial plexus injury patients who have performed 
reconstructive actions other than nerve grafting and 
nerve transfer (eg. tendon transfer, free functioning 
muscle transfer, arthrodesis), obstetrical brachial plexus 
injury and patients who were not willing to participate 
in the research. The procedure of data collection started 
from collecting medical record database of inpatient 
and medical record of Orthopedics and Traumatology 
Outpatient Dr. Soetomo Teaching Hospital Surabaya to 
record the population of patients with brachial plexus 
injury that have been encountered nerve reconstruction. 
The sample was grouped into two groups, post-operative 
nerve grafting group and nerve transfer group. Further 
measurements of postoperative clinical function 
were conducted by using Data Collection Sheet and 
QuickDASH questionnaire, either by meeting patients at 
Orthopedics and Traumatology Outpatient Dr. Soetomo 
General Hospital or conducted home-visite.

The demographic distribution of sex, age, diagnosis, 
incidence time to operation (in months), and time 
difference of surgery until evaluation (in months) was 
presented using descriptive statistics of mean value, 
standard deviation, minimum value, maximum value, 
median or the value of a number in percentage. On 
the other hand, the normality data test was conducted 
by using Kolmogorov-Smirnov test. If the data was 
normally distributed, Independent t-test was applied. 
However, if the distribution of data was not normal, it 
assessed by using Mann-Whitney test. The results were 
statistically significant if p <0.05. The computer program 
used to perform statistical analysis was SPSS program 
version 16.0 (SPSS Inc., Chicago, Illinois, USA). 

Result
This study used a sample of 15 patients in the 

nerve grafting group and 15 patients in the nerve 
transfer group. A total 15 patients (50%) with brachial 
plexus injury were aged 21-30 years old (7 patients in 
postoperative nerve grafting group and 8 patients in 
postoperative nerve transfer group). On the other hand, 
the second most age range was 11-20 years old of 6 
patients (4 patients in postoperative nerve grafting group 
and 2 patients in postoperative nerve transfer group). 
The mean age of nerve grafting group was 27.2 years old 
and the nerve transfer group was 29.93 years old. The 
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independent t-test was performed because of the normal 
data distribution with p = 0.510. 

In sex distribution, brachial plexus patients were 
dominated by male patients as many as 24 patients (11 
in post-operative nerve grafting group and 13 patients 
in postoperative nerve transfer group). Female patients 
were 6 patients (4 patients in post-operative nerve 
grafting group and 2 patients in post-operative nerve 
transfer group). In nerve grafting group, there were 11 
male patients (73.3%) and 4 female patients (26.7%). The 
nerve transfer group obtained 13 male patients (86.7%) 
and 2 female patients (13.3%). The gender variable was 
tested with Fisher’s exact test with p = 0.651. There was 
no significant difference in gender variables. 

The diagnosis of patients with major brachial 
plexus injury was found complete postganglionic type 
(C5-6-7), preganglionic type (C8-T1) of 15 patients 
in postoperative nerve grafting group. The rest were 

postoperative nerve transfer patients: 9 patients with 
incomplete upper injury type (C5-6) and 6 patients with 
incomplete upper injury type (C5-6-7). From 15 patients 
in nerve grafting group, the patients were complete injury 
type (100%). The result of Chi-square test was conducted 
with p =0.000. There was a significant difference. The 
result of statistical test using independent t-test (normal 
data distribution) showed that there was no significant 
difference between the two groups, either from the time 
incidence until the surgery (p = 0.052), and from time 
difference of surgery until the evaluation (p = 0.959). 
Overall, the sample characteristics between the nerve 
grafting and nerve transfer group were homogeneous.

The result of ROM comparison of shoulder abduction 
showed no significant difference between nerve grafting 
group (71.33o ± 32.87o) and nerve transfer group (61.67o 
± 34.52o). The statistical test was conducted by using 
independent t-test normal with p = 0.439. However, in 

contrast to elbow flexion ROM results, the nerve transfer group (102.67o ± 36.35o) was better than nerve grafting 
(86.67o ± 48.32o) (Table 1).  

Table 1. Comparison of Post-operative Clinical Functions

Variable
Nerve Grafting
(n = 15)

Nerve Transfer
(n = 15)

p

Shoulder abduction ROM* 71.330 ± 32.870 61.67 0 ± 34.52 0 0.439

Elbow flexion ROM* 86.670 ± 48.320 102.670 ± 36.350 0.031

Shoulder Abduction Motor (BMRC)** 3(2-4) 3(2-5) 0.0874

Functional Motor M >3*** 13 (87%) 13 (87%)

Elbow Flexion Motor (BMRC)** 3 (1-4) 4 (1-5) 0.036

Functional motor M > 3*** 11 (73%) 13 (87%)

Neuropathic Pain (VAS)** 2 (0-7) 1 (0-3) 0.236
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Upper extremity disability (QuickDASH 
score)* 42.67 ± 21.92 24.60 ± 14.83 0.014

From that table the difference was statistically 
significant, since the independent t-test result had p 
=0.031. The minimum motor strength of shoulder 
abduction on the motor scale of BMRC in the nerve 
grafting group was M2, the maximum value was M4, 
and the median value was M3. On the other hand, the 
nerve transfer group obtained the minimum value of 
M2, the maximum value of M5, and the median value 
of M3. To compare the motor strength of shoulder 
abduction, statistical test was assessed with Mann-
Whitney test because the normality test (Kolmogorov-
Smirnov test) obtained abnormal data distribution. The 
results obtained p =0.874, where there was no significant 
difference between the nerve grafting group and the 
nerve transfer group. It corresponds to the number of 
samples with the motor strength of functional shoulder 
abduction with a value of >M3 (useful motor recovery). 
Between the nerve grafting group and the nerve transfer 
was the same, i.e. 13 patients each (87%) (on table 1). 

The comparison of elbow flexic motor strength 
showed that nerve transfer group was better than 
nerve grafting group. The difference was statistically 
significant since the results of statistical tests with 
Mann-Whitney test (abnormal data distribution) had p 
=0.036. This is consistent with the number of samples 
with functional elbow motor strength with a value of 
>M3 (useful motor recovery) in the nerve transfer group 
of 13 patients (87%), more than the nerve grafting group 
of only 11 patients (73%) (Table 2).

Based on the VAS scale in the nerve grafting group, 
the minimum value was 0, the maximum value was 7 
and the median value was 2 (Table 2). The statistical test 
used was Mann-Whitney test because the distribution 
of data was not normal with p = 0.236. There was no 
significant difference between nerve grafting with nerve 
transfer group. The nerve transfer group had greater 
amount of sample than nerve grafting group in lower 
VAS scales (8 patients in nerve transfer vs. 6 patients in 
nerve grafting on VAS 1 scale, and 2 patients in nerve 
transfer vs. 1 patient in nerve grafting on VAS 0 scale).

The comparison of upper limb disability severity 
based on the QuickDASH score in the nerve transfer 

group (24.60±14.83) was lighter than the nerve grafting 
group (42.67±21.92). The difference was statistically 
significant, since independent t-test results had p value 
= 0.014 (p <0.05) (Table 2). 

Discussion
The comparison of elbow flexion ROM in this study 

was better in nerve transfer group than nerve grafting 
group. The difference was significant. ROM flexion 
elbow post operative nerve transfer results obtained 
better than previous research (Dolan RT, 2012). There 
was no significant difference between the nerve grafting 
group and the nerve transfer. This is in accordance 
with previousudies. Meanwhile, other researchers have 
published a recovery of motor strength >M3 in 80% 
(total 577 patients) and 73.7% (total 19 patients) post-
operative nerve transfer7. The significant difference 
showed that nerve transfer group was better than nerve 
grafting. It corresponds to the number of samples with a 
functional elbow flexion motor strength with a value of 
>M3 (useful motor recovery) in the nerve transfer group, 
more than in the nerve grafting group. 

Brachial plexus injury often occurs as a result of 
trauma resulting in a paralysis of clinical function in the 
upper limb. Almost 50 years ago, there have been many 
reconstructive actions in patients with brachial plexus 
injury11. The main purpose of reconstructive action on 
brachial plexus injury is to restore clinical function and 
achieve optimal patients’ quality of life7.

The success of nerve reconstruction with micro 
surgical techniques should be followed by assessment 
of patients’ clinical function as postoperative follow-
up (surgeon-oriented such as ROM) measurements of 
joint active and motor strength recovery, or patient-
oriented such as the severity assessment of neuropathic 
pain and upper limb dysfunction)9. In this study, there 
was no significant difference in shoulder abduction 
ROM between the nerve grafting group and nerve 
transfer group. The results of this study are still better 
than previous studies, which only obtained shoulder 
abduction ROM of 57o12. Previous studies had better 
shoulder abduction ROM of postoperative nerve grafting 
results than this study of 120o13. However, the better 
shoulder abduction ROM of postoperative nerve transfer 
result was obtained in previous studies14.

This result was also supported the operation of 
elbow flexion function reconstruction. It shows that all 
samples of nerve grafting group use sural nerve as nerve 
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graft interposition, whereas nerve transfer group used 
double-fascicular nerve transfer technique published by 
Mackinnon. Motor power postoperative nerve transfer 
may be better than nerve grafting. It may be due to the 
occurrence of nerve re-innervation to target muscles to 
travel more closely15.

The percentage of patients with functional elbow 
flexion motor restoration with value >M3 postoperative 
nerve grafting in this study was not much different 
from previous research results11. While in patients with 
post-operative nerve transfer, the results of this study 
is also not much different from the results of research 
conducted by previous researchers7. There was no 
significant difference between the nerve grafting group 
and the nerve transfer. However, in the nerve transfer 
group, it has a larger number of samples at a lower VAS 
scale than the nerve grafting group. 

The results are consistent with previous studies 
that demonstrate the presence of axons undergoing 
regeneration via cable nerve graft, resulting in 
neuropathic pain postoperative nerve grafting. Other 
results indicate if the mean VAS value decreases 
postoperative nerve transfer16. Then, the severity of 
upper limb disability based on the QuickDASH score 
in the nerve transfer group is lower than that of nerve 
grafting, resulting in significant differences. It is similar 
with the results of previous studies showing a lower 
mean score post operative nerve transfer17. 

Conclusion
Based on the result of the research, it can be 

concluded that elbow flexion ROM post-operative nerve 
transfer is greater than nerve grafting, motor elbow 
flexion strength post operative nerve transfer is better 
than nerve grafting and the upper limb disability severity 
postoperative nerve transfer is lower than nerve grafting. 
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