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Abstract
Background  Brachial Plexus Injury (BPI) is one of the peripheral nerve injuries which causes severe functional 
impairment and disability. Without prompt treatment, prolonged denervation will cause severe muscle atrophy. 
MyoD, which is expressed by satellite cells, is one of the parameters that relate to the regeneration process in post-
injury muscle and it is presumed to determine the clinical outcome following neurotization procedure. This study 
aims to understand the correlation between time to surgery (TTS) and MyoD expression in satellite cells in the biceps 
muscle of adult brachial plexus injury patients.

Methods  Analytic observational study with a cross-sectional design was conducted at Dr. Soetomo General Hospital. 
All patients with BPI who underwent surgery between May 2013 and December 2015 were included. Muscle biopsy 
was taken and stained using immunohistochemistry for MyoD expression. Pearson correlation test was used to assess 
the correlation between MyoD expression with TTS and with age.

Results  Twenty-two biceps muscle samples were examined. Most patients are males (81.8%) with an average age of 
25.5 years. MyoD expression was found to be highest at TTS of 4 months and then dropped significantly (and plateau) 
from 9 to 36 months. MyoD expression is significantly correlated with TTS (r=-0.895; p = 0.00) but not with age (r=-
0.294; p = 0.184).

Conclusion  Our study found, from the cellular point of view, that treatment of BPI needs to be done as early as 
possible before the regenerative potential - as indicated by MyoD expression – declined.
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Introduction
Brachial Plexus Injury (BPI) is the most disabling form of 
peripheral nerve injury which causes severe functional 
impairment and poor quality of life [1]. It is estimated to 
happen in 1.2% of patients with multiple traumatic inju-
ries with an incidence rate of 1.64 cases out of 100.000 
people [2]. The impact of BPI is not only on the nerves 
of the brachial plexus but also on the denervated mus-
cle. Prolonged denervation of the effector’s muscle has 
various impacts on muscle and worsens the longer it is 
denervated [3]. Denervated muscle will undergo atrophic 
changes in a biphasic manner: rapid muscle mass loss in 
the first 2 weeks and more gradually afterwards [3–5]. At 
the 3rd month, a decrease in fiber diameter, intramus-
cular fibrosis, and reduction of motor endplates can be 
observed [6, 7]. Therefore, management in a timely man-
ner is needed to avoid this worst possible outcome [1].

The timing of surgery for traumatic BPI remains con-
troversial [1]. Elucidating the best time to repair a 
traumatic BPI can be done by assessing its regenera-
tive potential preoperatively or its functional outcome 
postoperatively. This study aims to assess the first: by 
assessing the correlation between time to surgery and 
MyoD expression which has an important role in muscle 
regeneration. To the author’s knowledge, similar studies 
assessing MyoD expression in human after a denervat-
ing injury, especially brachial plexus injury, is rare. Most 
studies are either in vitro or in vivo [8–11]. While studies 
in human are mostly on its effect after exercise or in its 
relation to sarcopenia [12–15]. Therefore, this is the first 
study on MyoD expression in human after muscle dener-
vation in traumatic BPI patients.

Methods
Data extraction and ethics
An analytical observational study with a cross-sectional 
design was conducted. The study protocol was reviewed 
and approved by Dr. Soetomo General Hospital’s Ethi-
cal Committee (No.647/Panke.KKE/XI/2016). Consent 
for publication is not applicable as the sample used is 
part of routine procedure. The population of the study is 
all patients with brachial plexus injury who underwent 
surgery, either by nerve procedure, muscle procedure, 
or both, in Dr. Soetomo General Hospital, Surabaya, 
East Java, Indonesia between May 2013 and December 
2015. These patients are then screened based on our 
criteria: inclusion criteria are: (1) Patients who had BPI 
caused by a trauma (2) patients with no other disease 
that might affect nerve and muscle and (3) patients who 
gave consent to be research subject; exclusion criteria 
are: (1) muscle samples that cannot be evaluated. Written 
informed consent has been obtained from each patient 
before the surgery and data collection. Data of sex, age, 
time to surgery (TTS), anatomic location of the injury, 

type of injury, muscle strength before surgery (using 
Medical Research Council Scale), and amount of MyoD 
expressing satellite cells from each sample were collected. 
Time to surgery is defined as the time between the inci-
dence of brachial plexus injury and the day of surgery. 
Anatomic location of injury was based on surgical aspect 
of the injury whether it is upper type, lower type or total 
type lesion and whether it is pre or post ganglionic. Sam-
ple preparation and immunohistochemistry staining pro-
cedure is described at the appendix A.

Data analysis
Compiled data were analyzed descriptively and presented 
as tables. Statistical analysis on the relationship between 
MyoD expressing cells with TTS and patient’s age was 
done using SPSS version 21. The normality data test was 
firstly conducted using Shapiro Wilk and, if the data is 
normally distributed, the correlation was tested using the 
Pearson test. Values of p < 0.05 are considered significant. 
A Scatter plot is also drawn to estimate the correlation 
between the two.

Result
Twenty-two biceps muscle samples were examined. 
Demographic data of all samples are shown in Table  1. 
Most patients are males (81.8%) with an average age of 
25.5 ± 6.54 years. Time to surgery spans from 4 to 60 
months with an average of 21 months. Injury types are 
mostly complete post-ganglion type (50%) and most 
patient had a very low motoric strength on bicep abduc-
tion (1,27 ± 0,46) The complete data is tabulated at appen-
dix B. The result is then grouped based on the time to 
surgery (Table 2; Fig. 1) and on patient’s age (Fig. 2).

Photograph of the immunohistochemical result is as 
shown on Fig.  3. As displayed on Fig.  1, MyoD expres-
sion is highest at TTS of 4 months which then dropped 
significantly, plunges to near zero 6 months after injury, 
and plateau from 9 to 36 months. No cells express MyoD 
at 48–60 months. In its relation with age, MyoD showed 
an inverse relation: decreasing MyoD expression on 
aged population compared to younger one. On statisti-
cal analysis, MyoD expression is found to be significantly 
correlated with TTS (r=-0.895; p = 0,00) but not with age 
(r=-0.294; p = 0.184).

Discussion
BPI causes defects to the muscle and nerves of the upper 
extremity. The nerve may have different levels of dam-
age, from neuropraxia, axonotmesis, and neurotmesis. 
The distal part of the injured nerve will also undergo 
resorption by phagocytes (Wallerian degeneration). The 
denervated target organ (muscle) will atrophy and if no 
reinnervation occurs in 2 years, the damage will be per-
manent [16].
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The best time of surgery for traumatic BPI has been 
subject of debates over the years, with a move towards 
early intervention. Although, there is an accepted time 
frame of 12 to 18 months for muscle reinnervation to 
occur after neurotization before the irreversible motor 
end plate degeneration occurs, there is no definite evi-
dence to support this. Other factors are thought to have 
important roles in determining the clinical outcome. 
A combination of slow axonal regeneration, struc-
tural changes in muscle targets, and an increasingly less 
supportive stromal environment for regeneration are 
believed to contribute to a poor functional recovery in 
late phases [17].

Terzis et al. [18] stated that the most important fac-
tor to determine the clinical outcome in BPI surgery is 
denervation time, which is the time between the injury 
and the surgery. Bentolila et al. [19] stated that BPI sur-
gery, specifically nerve procedure (nerve grafting) is best 
done before the 6th month. After the 6th month, there 
will be muscle atrophy, fibrosis, and joint stiffness which 
may hinder the improvement of the clinical outcome 

Table 1  Demographic data of brachial plexus injury patients
Patient Sex Age

(year)
TTS (month) Muscle Strength Anatomy Injury

1 M 21 4 1 C5-6-7 postganglion

2 F 24 4 1 C5-T1 postganglion

3 F 23 4 2 C5-T1 postganglion

4 M 23 5 1 C5-6 postganglion, C7-T1 preganglion

5 F 21 5 1 C5-6 postganglion, C7-T1 preganglion

6 M 19 6 1 C5-6 postganglion, C7-T1 preganglion

7 M 18 6 2 C5-T1 postganglion

8 M 26 7 1 C5-6 postganglion, C7-T1 preganglion

9 M 28 7 2 C5-T1 postganglion

10 M 26 9 1 C5-6 postganglion, C7-T1 preganglion

11 M 40 9 1 C5-6-7 postganglion

12 M 27 18 1 C5-T1 postganglion

13 M 23 18 2 C5-T1 postganglion

14 M 17 24 1 C5-6 postganglion, C7-T1 preganglion

15 F 36 24 1 C5-T1 postganglion

16 F 16 30 1 C5-T1 postganglion

17 M 21 30 1 C5-T1 postganglion

18 M 28 36 2 C5-6 postganglion, C7-T1 preganglion

19 F 25 48 2 C5-6 postganglion, C7-T1 preganglion

20 M 30 48 1 C5-T1 postganglion

21 M 32 60 1 C5-6-7 postganglion

22 M 38 60 1 C5-T1 postganglion

Average 25.55 ± 6.54 21 ± 18.81 1,27 ± 0,46

Table 2  Satellite cells expressing MyoD based on TTS
TTS N Cell expression Satellite Cells Expressing MyoD
4 months 3 10.00 3.33

5 months 2 2.90 1.45

6 months 2 1.10 0.55

7 months 2 0.50 0.25

9 months 2 0.30 0.15

18 months 2 0.10 0.05

24 months 2 0.10 0.05

30 months 2 0.40 0.20

36 months 1 0.10 0.10

48 months 2 0.00 0.00

60 months 2 0.00 0.00

Fig. 1  Scatter Plot correlating MyoD expressing cells and time to surgery. 
[Personal Documentation]
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after the nerve procedure [20]. Mennen also added that 
excessive fibrosis in the distal nerve ends in patients that 
underwent the surgery after 6 months may hinder the 
muscle regeneration process and will produce a bad clini-
cal outcome post-op [21].

At the point of view of the muscle, Lee et al. [22] study 
found that muscle fibrosis and atrophy will immediately 
begin after denervation and plateaus after four months 
when 60–80% of muscle volume has been lost. Motor 
endplates actually increase within muscle but functional 
reinnervation is unlikely beyond 12 months due to the 
progressive fibrosis. Skeletal muscle regeneration from 
an atrophy can be achieved through a cascade of intrin-
sic and extrinsic signals leading the myogenetic process 
from satellite cells to effective skeletal muscle fiber [23].

Satellite cells are heterogenous cells that is able to do 
both asymmetric and symmetric division. Asymmetric 
division is to produce myogenic progenitors while sym-
metric divisions to multiply satellite cell. Satellite cells 
are mitotically quiescent and can be activated at times 
of injury or growth stimulation. Upon activation, satel-
lite cells will mainly co-express a combination of paired 

box protein Pax7 and Myoblast determination protein1 
(MyoD).

The expression of Pax7 and MyoD can be used as an 
indicator of on which state the satellite cells are in: rest-
ing phase, activation to cycling myoblasts, or differen-
tiation to myocytes. In quiescent phase, only Pax7 is 
expressed and no MyoD is expressed. During its process 
to become myofibers, expression of Pax7 is decreased 
gradually and is replaced by MyoD. Once committed to 
differentiation to myocytes, only MyoD is expressed [23–
25]. Other regulatory factors such as Myf5 and MyoG are 
also expressed during this process but is not mentioned 
to simplify as it is beyond the scope of this paper [25].

MyoD is one of transcription factors belonging to 
myogenic regulatory factor family (MRF) which has 
an important role in myogenic differentiation. MyoD 
itself was found initially by Davis et al. [26] at 1987 [27]. 
Uncontrolled expression of MyoD results in depletion of 
muscle stem cell and premature myogenic differentiation 
[11, 28]. Due to its importance in myogenic differentia-
tion, MyoD can be used as an indicator of muscle’s regen-
eration on cellular level. Our study found that MyoD 
expression is very high on earlier TTS and nearly inexis-
tent 6 months after injury. This indicates that, on cellular 
point of view, BPI repair would result in better outcome 
the earlier it is repaired. Initial level of MyoD before 
repair is important as it is related to muscle’s recovery 
after rehabilitative exercise [29, 30]. Study by Kosek DJ 
et al. [30] indicates that lower initial MyoD is related to 
lower post rehabilitative outcome as expressed by Myofi-
ber’s cross sectional area, type distribution, and type area 
distribution [30].

This result is also in line with other studies on post-
operative function point of view. Timing of BPI surgery 
usually needs to balance between allowing spontaneous 
nerve regeneration and preventing denervation atrophy 
before regeneration is no longer possible [31]. Despite 
so, a systematic review conducted by Martine E et al. [32] 
summarized results from 43 studies comprising of 569 
patients found that, regardless of BPI injury lesion site, 
longer TTS and older age results in worse post opera-
tive motoric outcome as measured by Medical Research 
Council muscle grade. The study concludes that gener-
ally, a 3-month delay is appropriate for allowing sponta-
neous nerve regeneration and surgeries are best done in 
less than 6 months [32].

In its relation with age, our study found that there is 
no significant relation between MyoD expression and 
age. Figure 2 does show a spike of MyoD expression on 
patients aged 20–25 years is noticeable but it is important 
to note that it is because most samples with TTS of 4–6 
months are 20–25 years. Therefore, increase in MyoD 
expression at that age range is not caused by age per 
se, but because of shorter TTS. Previous studies found 

Fig. 3  Cross sectional image of biceps muscle (400x magnification). From 
patient with TTS of 4 months, MyoD expressing satellite cells are marked 
by the red arrow (A). From patient with TTS of 9 months, most satellite 
cells do not express MyoD, satellite cells are marked with black arrow (B). 
[Personal Documentation]

 

Fig. 2  Scatter Plot correlating MyoD expressing cells and patient’s age. 
[Personal Documentation]
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that worse outcomes are associated with older age [18, 
32–35]. Some studies found 30 years as a limit to worse 
outcomes while another at 40 years [33, 35, 18]. Not only 
does the initial MyoD expression is lower in older people, 
but MyoD expression is also lower in post rehabilitative 
setting in older compared to younger people [30]. Higher 
cortical plasticity in young patients are thought to be a 
strong factor in outcomes of patient with BPI [36].

Generally, this study found that TTS is related to MyoD 
expression and this gives information about muscle 
regeneration potential post denervation indirectly. Our 
study found that the amount of MyoD expressing satel-
lite cells, an indirect indicator of muscle’s regenerative 
potential, is significantly correlated with TTS (r=-0.895; 
p = 0,00) and plunges to near zero 6 months after injury. 
In its relation with age, MyoD expressing satellite cell is 
found not correlated (r=-0.294; p = 0.184) with age but 
this result is not supported with most of other studies.

Conclusion
The treatment of traumatic BPI has moved toward an 
earlier neurotization to improve functional outcome. 
Our study found yet another evidence, on cellular point 
of view, that before 6 months, nerve procedure in adult 
patient with traumatic BPI have a more favorable result 
related to the good muscle regenerative potential.

Limitations
Several limitations in the making of this study cannot be 
avoided. The limitations are: (1) no standardized refer-
ence regarding how many MyoDs need to be expressed 
for optimum regeneration potential, (2) no directly com-
parable study on MyoDs after BPI which can be used to 
ascertain the result of this study, and (3) small sample size 
on each group of both TTS and age which might skew the 
result. Even so, given the low incidence of BPI worldwide, 
we believe this study is worthy to be published.
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