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Abstract
Introduction  Intercostal nerve transfer is a surgical technique used to restore function in patients with total brachial plexus 
injury. Stem cell and secretome therapy has been explored as a potential treatment for brachial plexus injuries. This study 
aimed to compare the functional and histologic outcome of intercostal nerve transfer to median nerve with local stem cells 
or secretome injection in total type brachial plexus injuries.
Materials and methods  This was a double-blinded, randomized controlled study (RCT). We included patients with neglected 
total type brachial plexus injury (BPI) who underwent nerve transfer and local injection of either umbilical cord-derived mes-
enchymal stem cells (UC-MSC) or secretome into median nerve–flexor digitorum superficialis (FDS) neuromuscular junction 
(NMJ). We measured preoperative and 8-month postoperative FDS muscle strength, SF-36, DASH score, and histologic 
assessment. We then analyzed the difference outcome between those two groups.
Result  A total of 15 patients were included in this study. Our study found that after nerve transfer and implantation with 
either UC-MSC or secretome, significant postoperative improvements were observed in physical functioning, role limita-
tions, energy/fatigue, emotional well-being, social functioning, pain, general health, and DASH scores, particularly in the 
overall cohort and the secretome group. When we compared the mean difference of clinical outcome from preoperative to 
postoperative between UC-MSC and secretome groups, the UC-MSC group showed better improvement of health change 
in SF-36 subgroup compared to secretome group. From the analysis, there was no significant difference in the histologic 
outcomes (inflammation, regeneration, and fibrosis) in overall cohort between preoperative and postoperative cohort. There 
was also no significant difference in mean change of the histologic outcomes (inflammation, regeneration, and fibrosis) 
preoperative and postoperatively between UC-MSC and secretome groups.
Discussion and conclusion  Implantation of either UC-MSC or secretome along with nerve transfer may provide clinical 
improvement, while to achieve histologic improvement, further conditioning should be performed.
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Introduction

A total brachial plexus injury, also known as a pan-brachial 
plexus injury, involves damage to all the roots of the brachial 
plexus, a network of nerves that conducts signals from the 

spinal cord to the shoulder, arm, and hand. This type of 
injury can lead to significant impairment, affecting not only 
the shoulder and elbow function but also the hand function. 
Brachial plexus injuries are often caused by trauma, with 
road traffic accidents, particularly motorcycle accidents, 
being the dominant cause. The injury can be quite challeng-
ing for surgeons due to the complexity of the brachial plexus 
and the severity of the damage in total injuries [1].Extended author information available on the last page of the article
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Reconstructive procedures for total brachial plexus 
injuries commonly include nerve repair, grafting, neu-
rotization (nerve transfer), tendon transfer, and free func-
tional muscle transfer (FFMT) [2]. A study reported suc-
cessful results in 79% of cases after direct repair (nerve 
grafting) and in 56% of cases after end-to-end neuroti-
zation. The success of neurotization depended on the 
type of donor nerve used, with intraplexal nerves (motor 
branches of the brachial plexus) having a significantly 
higher success rate than extraplexal nerves (81% com-
pared with 49%, respectively). End-to-side neurorrhaphy 
had a success rate of 64.3% when using the axillary nerve 
as a recipient, which was similar to neurotization using 
intraplexal nerves (68.4%) and better than that achieved 
using extraplexal nerves (47.4%). A meta-analysis found 
that nerve transfer was associated with greater shoulder 
external rotation relative to sural nerve grafting and a 
lower rate of secondary shoulder surgery in obstetrical 
brachial plexus injury. Meanwhile, the success rates of 
FFMT innervated by intercostal nerves and spinal acces-
sory nerves were 64.1% and 65.4%, respectively, with no 
significant difference in outcomes between the two. [3]

Intercostal nerve transfer is a surgical technique used 
to restore function in patients with total brachial plexus 
injury. This procedure involves transferring intercostal 
nerves to the thoracodorsal nerve, which then innervates 
the latissimus dorsi muscle, aiding in hand function. This 
study is aimed to discover the clinical functional outcome 
and histomorphometry analysis of late onset total type 
brachial plexus injury treated with intercostal transfer to 
median nerve and stem cell or secretome injection [4, 5].

Stem cell therapy has been explored as a potential 
treatment for brachial plexus injuries. For instance, a pilot 
study found that the injection of autologous bone mar-
row-derived mononuclear cells into partially denervated 
biceps of patients with brachial plexus injuries was safe 
and suggested enhanced muscle reinnervation and regen-
eration [6, 7]. This study aimed to compare the clinical 
and functional outcome of intercostal nerve transfer to 
median nerve with local stem cells or secretome injection 
in total type brachial plexus injuries (Table 1).

Materials and methods

This investigation used a randomized clinical trial (RCT) 
design. The study was conducted using consecutive and dou-
ble-blinded sampling to minimize selection bias and ensure 
the robustness of the results. We included patients who were 
allocated into intervention and control groups. Participants 
were recruited from our institutional hospital, based on pre-
defined inclusion and exclusion criteria. The inclusion cri-
teria were total neglected (6 to less than 18 months) brachial 
plexus injury in patients with age of more than 18 years who 
were planned to have neurotization (nerve transfer) proce-
dure, specifically 3rd–5th intercostal nerves to median nerve 
transfer. The exclusion criteria were previous intervention in 
median nerve, presence of spontaneous nerve regeneration, 
destruction of hand flexor muscles, upper motor neuron defi-
cits, and diabetes mellitus. Informed consent was obtained 
from all eligible participants before their enrollment in the 
study. Randomization was achieved using computerized 
block, and the allocation sequence was concealed to both 
participants and investigators. The double-blinded nature 
of the study ensured that neither the participants nor the 
researchers involved in data collection, analysis, and inter-
pretation were aware of the treatment assignments, thereby 
minimizing potential bias.

Baseline characteristic including age, sex, dominant hand, 
onset from trauma to surgery, and duration of surgery would 
be analyzed. Preoperative and postoperative (at final follow-
up of 8 months) flexor digitorum superficialis (FDS) muscle 
strength, Disabilities of Arm, Shoulder, and Hand (DASH) 
score, and Short Form Survey (SF-36) were measured. 
Intraoperatively at first surgery, beside performing 3rd–5th 
intercostal nerves to median nerve transfer, neuromuscular 
junction (NMJ) biopsy and NMJ injection using UC-MSC 
or secretome were performed. At the next surgery (at about 
8 months after first surgery), NMJ biopsy was performed. 
The purpose of the next surgery (at about 8 months after first 
surgery) was to obtain the biopsy sample from the previously 
UC-MSC or secreteome injected NMJ, to compare it with 
the preoperative data. FDS muscle strength was measured 

Table 1   Baseline characteristic Variable N (%) Intervention group 
(n = 7)

Control group (n = 8) p-value

Gender
 Male 14 (93.3) 7 (100) 7 (87.5)
 Female 1 (6.7) 0 (0) 1 (12.5)

Age 30.25 ± 11.54 24.67 ± 4.73 33.6 ± 13.58 0.837
Duration between 

surgeries
8 (2–9) 8 (8–9) 8 (2–8) 0.613

Onset 10.38 ± 7.15 11 ± 8.54 10 ± 7.25 0.865
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using motoric strength assessment according to Manual 
Muscle Testing (MMT) into score of 0–5.

The stem cells used were allograft mesenchymal stem 
cells from umbilical cord, the umbilical cord mesenchymal 
stem cells (UC–MSC). The processing of the UC-MSC was 
performed in the Stem Cell Medical Technology Integrated 
Service Unit, Cipto Mangunkusumo National Central Pub-
lic Hospital, Faculty of Medicine Universitas Indonesia. 
The UC-MSC and secretome processing were in accord-
ance with the established methods described by Kurniawan 
et al. [8] and Dilogo et al. [9] The UC-MSC and secretome 
preparations were as follows: umbilical cords were obtained 
from cesarean section after the mothers signed for informed 
consent. Ten cm umbilical cord was collected in 50 mL 
transport medium, which contained alpha minimal essen-
tial medium (αMEM [GIBCO 12,000-022 1]), penicillin/
streptomycin (final concentration 300 U/mL [Gibco 15,140-
122]), and amphotericin B (final concentration 7500 ng/mL 
[JR Scientific 50701]). The tissue was processed in less than 
8 h after collection; explant cultures were placed in xeno-
free media and then recultured after the first harvest. This is 
a multiharvest explant method that yielded far more viable 
cells than the standard explant method. Secretome is the col-
lection of conditioned medium used to wash the UC-MSC 
when it reached confluence during the culture process. UC-
MSC that was cultured in containing alpha minimal essen-
tial medium (α-MEM) was supplemented with serum (10% 
thrombocyte concentrate lysate (DMEM (Gibco, US)). For 
secretome collection, the culture medium was replaced in 
two different time points: The first was replaced with serum 
containing culture medium when the cells reached 50% con-
fluence, while the other was replaced with culture medium 
without serum when the cells reached 70% confluence. The 
secretome before this medium replacement was collected. 
After the culture medium was replaced, the cells were incu-
bated for 48 h in an incubator at 37 °C, with 5% CO2. The 
UC-MSCs were then harvested. The collected secretome 
samples were filtered and placed in a 15-mL tube in − 20 oC 
once before being transferred to 1.5 ml and 5 ml tubes and 
stored in − 20 °C.

The nerve transfer procedure included the transfer of 
3rd–5th intercostal nerves to median nerve. Before the 
nerve transfer, the biopsy of median nerve to FDS NMJ was 
obtained. Sample sized 0.5 × 0.5 × 0.5 was obtained using 
microscope. After biopsy taking, UC-MSC or secretome, 
according to the allocated group, were injected into the 
NMJ. Ten million of stem cells were injected to the site, 
specifically in 0.5 cm from the insertion of median nerve to 
FDS muscle. The injected site was then marked using 8.0 
prolene needle. Beside intercostal nerves transfer to median 
nerve, the intervention group received UC-MSC injection 
while the control group received secretome injection. The 

administration of treatments was standardized, and partici-
pants were monitored for adherence throughout the study 
period.

The NMJ would be examined semi-quantitatively for 
its morphological hallmark according to scoring by Wed-
derburn et al. [10] modified by Kolbel et al. [11] into the 
evaluation of inflammation, regeneration, and fibrosis. For 
evaluation of inflammation, the score would be 0, 1, 2, and 
3 if the inflammation was absent, focal low, focal moder-
ate (multifocal sporadic), and multifocal abundant, respec-
tively. For evaluation of regeneration, the score would be 
0, 1, 2, and 3 if the regeneration was absent, focal small, 
focal large, and multifocal, respectively. For evaluation of 
fibrosis, the score would be 0, 1, 2, 3, and 4 if the fibrosis 
was absent, proliferation of perimysium connective tissue 
only, additional mild endomysial fibrosis, additional mod-
erate endomysial fibrosis, and additional severe endomysial 
fibrosis, respectively.

Results

A total of 15 patients were included in this study, with the 
baseline characteristics of the study participants, categorized 
into two groups: UC-MSC (n = 7) and secretome (n = 8), 
are presented in Table 4. The gender distribution shows a 
predominance of males in both groups, with 100% males 
in the UC-MSC group and 87.5% in the secretome group. 
Only one female participant was presented in the secretome 
group (12.5%). The mean age of participants was slightly 
higher in the secretome group (33.6 ± 13.58 years) com-
pared to the UC-MSC group (24.67 ± 4.73 years), although 
this difference was not statistically significant (p = 0.837). 
All participants were right-hand dominant. The duration 
between surgery and the study ranged from 2 to 9 months, 
with median durations of 8 months in both groups, and no 
significant difference was found between them (p = 0.613). 
The mean onset of symptoms was also comparable between 
the groups, with the UC-MSC group at 11 ± 8.54 months 
and the secretome group at 10 ± 7.25 months (p = 0.865). 
These baseline characteristics indicate that the two groups 
were well-matched in terms of key demographic and clini-
cal variables.

Biopsy of the NMJ were successfully obtained in all 
patients before stem cell or secretome injection and at the 
last surgery. As mentioned, sample sized 0.5 × 0.5 × 0.5 was 
obtained using microscope (Fig. 1) and the nerve transfer 
procedure included the transfer of 3rd–5th intercostal nerves 
to median nerve performed in the first surgery (Fig. 2).

Clinical outcomes measured preoperative and postopera-
tive SF-36, DASH score, and FDS muscle strength. SF-36 
was sub grouped into nine subgroups, namely physical 
functioning, role limitations due to physical health, role 
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limitation due to emotional problems, energy/fatigue, emo-
tional well-being, social functioning, pain, general health, 
and health change. Table 2 illustrates the functional out-
comes of participants in both UC-MSC and secretome 
groups, measured using SF-36 and DASH scores. The over-
all physical functioning improved significantly postopera-
tively in the overall cohort (p = 0.028), although the indi-
vidual group improvements were not statistically significant 
(UC-MSC p = 0.180, secretome p = 0.068). Role limitations 
due to physical health decreased postoperatively in the over-
all cohort (p = 0.038), with no significant change within the 
groups (UC-MSC p = 0.157, secretome p = 0.102).

Role limitations due to emotional problems showed sig-
nificant improvement postoperatively across the overall 
cohort (p = 0.016), and in the UC-MSC group (p = 0.009), 
but not in the secretome group (p = 0.063). Energy/fatigue 
levels significantly improved postoperatively in the overall 
cohort (p = 0.012) and in the secretome group (p = 0.043). 
Emotional well-being saw substantial postoperative improve-
ment in both the overall cohort (p < 0.001) and within the 

UC-MSC (p = 0.009) and secretome groups (p = 0.002). 
Social functioning improved postoperatively in the overall 
cohort (p = 0.006) and in the UC-MSC group (p = 0.009), 
but not significantly in the secretome group (p = 0.066). Pain 
levels improved significantly postoperatively in the overall 
cohort (p = 0.004), and in the secretome group (p = 0.043), 
but not in the UC-MSC group (p = 0.055). General health 
improved significantly in the overall cohort (p = 0.042) 
and in the secretome group (p = 0.042), with no significant 
change in the UC-MSC group (p = 0.129). Health change 
scores showed significant improvement postoperatively in 
the overall cohort (p = 0.016), but not in either individual 
group (UC-MSC p = 0.072, secretome p = 0.059).

DASH scores showed significant improvement post-
operatively in the overall cohort (p < 0.001), and in the 
secretome group (p = 0.013), with no significant change in 
the UC-MSC group (p = 0.109). Motoric scores remained 
unchanged pre- and postoperatively across all groups. In 
summary, significant postoperative improvements were 
observed in physical functioning, role limitations, energy/

Fig. 1   NMJ Biopsy and Injec-
tion. A Biopsy was performed 
in median nerve – to FDS mus-
cle NMJ with the sample size of 
(B) 0.5 × 0.5 × 0.5 cm. (C) After 
biopsy, injection of either UC-
MSC or secretome according to 
intended group was performed 
in NMJ in the first surgery. 
At the last surgery 8 months 
later, only NMJ biopsy was 
performed

Fig. 2   3rd–5th intercostal 
nerves transfer to median nerve. 
A Harvesting of 3rd to 5th 
intercostal nerves. B Intercostal 
nerves transfer to median nerve
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fatigue, emotional well-being, social functioning, pain, 
general health, and DASH scores, particularly in the over-
all cohort and the secretome group. When we compared 
the mean difference of clinical outcome from preoperative 
to postoperative between UC-MSC and secretome groups, 
the UC-MSC group showed better improvement of health 
change in SF-36 subgroup compared to secretome group 
(Table 3).

The anatomical pathology samples taken through 
biopsy from patients during preoperative and postop-
erative following the intervention and biological agent 
administration. Variables assessed include inflammation, 

regeneration, and fibrosis, and each variable is graded 
from 0 to 3 for inflammation and regeneration, and grade 
0–4 for fibrosis. In general, there was an increased in 
inflammation and regeneration with decreased fibrosis, 
and the changes were made to a different degrees. Sim-
ilar trends were showed when the analysis was divided 
into each treatment group; however, the preoperative and 
postoperative changes in overall, UC-MSC, and secretome 
group were nonsignificant statistically.

Table 4 showed result of histologic analysis in overall 
cohort, UC-MSC, and secretome groups. From the analy-
sis, there was no significant difference in the histologic 
outcomes (inflammation, regeneration, and fibrosis) in 

Table 2   Results on functional 
outcomes in UC-MSC and 
secretome groups

*paired t-test, #Wilcoxon

Variable Overall (n = 15) p-value UC-MSC 
(n = 7)

p-value Secretome (n = 8) p-value

SF-36
Physical functioning
 Preoperative 0 0 0
 Postoperative 40 ± 31.05 0.028# 45 ± 40.93 0.180 37 ± 28.64 0.068

Role limitations due to physical health
 Preoperative 0 0 0
 Postoperative 25 (0–100) 0.038# 100 (0–100) 0.157 30 ± 41.08 0.102

Role limitations due to emotional problems
 Preoperative 0 0 0
 Postoperative 66.7 (0–100) 0.016# 75.57 ± 21.42 0.109 66.68 ± 40.82 0.063

Energy/fatigue
 Preoperative 20 (15–60) 60 (20–60) 20(15–20)
 Postoperative 66.75 ± 19.46 0.012# 74.67 ± 17.62 0.109 62 ± 20.79 0.043#

Emotional well-being
 Preoperative 29.5 ± 13.17 42.67 ± 6.11 21.6 ± 8.76
 Postoperative 69.44 ± 13.43  < 0.001* 74.5 ± 11.32 0.009* 66.4 ± 14.86 0.002*

Social functioning
 Preoperative 45.31 ± 14.85 62.5 (25–62.5) 50(25–50)
 Postoperative 68.13 ± 17.92 0.006* 77.5 ± 11.46 0.109 62.5 ± 19.76 0.066

Pain
 Preoperative 22.5 (10–22.5) 22.5 (10–22.5) 22.5(10–22.5)
 Postoperative 52.5(45–100) 0.012# 65 ± 30.41 0.109 62.5 ± 22.91 0.043#

General health
 Preoperative 36.25 ± 9.54 43.3 (40–50) 32 ± 9.08
 Postoperative 50(45–90) 0.011# 70 ± 20 0.102 50(45–85) 0.042#

Health change
 Preoperative 25 (0–25) 0 (0–25) 0 (0–25)
 Postoperative 56.25 ± 17.68 0.016# 75 (50–75) 0.102 50 ± 17.68 0.059

DASH
 Preoperative 89.59 ± 5.77 95 (90.8–95) 87.18 ± 6
 Postoperative 56.13 ± 14.76  < 0.001* 51.1 ± 15.12 0.109 59.14 ± 15.38 0.013*

Motoric
 Preoperative 0 0 0
 Postoperative 0 – 0 – 0 –
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overall cohort between preoperative and postoperative 
cohort. There was also no significant difference in mean 
change of the histologic outcomes (inflammation, regen-
eration, and fibrosis) preoperative and postoperatively 
between UC-MSC and secretome groups. The histopatho-
logical examination is depicted in Fig. 3. 

Discussion

The use of stem cell therapy for brachial plexus injury (BPI) 
have several considerations. First, in all cases of BPI, there 
are three possible scenarios: nerves may be stretched but 
in continuity, ruptured, or avulsed. In stretched nerves, or 
neuropraxia, nerve can spontaneously recover. Nerves rup-
tured distal to the root entry zone are repairable because the 
distal stump has proliferating Schwann cells within the basal 
lamina that supports axonal regeneration. Nerve grafting of 
ruptured cervical spinal nerves is an accepted standard of 
treatment with useful clinical results [12].Root avulsions 
cause rapid cell death and are not repairable. Because the 
distal ruptured nerve stump sustains axon regeneration for 
a time, early application of appropriate stem cells at the site 
of nerve ruptures, and not root avulsions, may be the key to 
improve clinical outcome. The principles governing the tim-
ing of nerve reconstruction should apply to stem cell injec-
tions [13]. Second, autologous nerve grafts are currently 
used for repairing ruptured cervical spinal nerves to distal 
targets with good results. These nerve grafts serve as con-
duits containing Schwann cells that support axonal regenera-
tion. The ability to use cells without harvesting grafts would 
be a benefit. It is here, where stem cell therapy has a role 
[12]. The underlying principle is that transplanted stem cells 
differentiate into needed cell types and promote nerve regen-
eration by functioning as support cells with their powerful 
paracrine effects, releasing growth factors promoting nerve 

regeneration [14]. The route of delivery is important. Intra-
muscular bone marrow-derived mononuclear cell injections 
can increase myofiber diameters and motor unit amplitudes 
in chronic partially denervated muscle, but is unlikely to 
restore voluntary motor control in a complete BPI [15, 16]. 
Third, despite encouraging results in animal models, there 
is a lack of appropriately designed human studies on the 
efficacy and long-term safety of stem cell injections for 
brachial plexus injuries. The type, differentiation state, and 
ideal number of stem cells for optimal therapeutic effect in 
BPI need to be determined. It remains to be seen if data 
determined in animal and preclinical studies will translate 
well in humans. One can hope that stem cells may hasten the 
recovery of incomplete stretch injuries [17].

The NMJ is the peripheral synapse formed by the (a) 
nerve terminal of a motor neuron, (b) motor endplate of a 
muscle fiber, and (c) ensheathing terminal Schwann cells. In 
health, NMJs are dynamic structures with constant remod-
eling, and continuous innervation/denervation. A permanent 
morphological change in the NMJ may precede an irrevers-
ible denervation process, thought to be the earliest sign of 
degeneration in multiple human neuromuscular disorders, as 
well as part of the natural aging process [18].

UC-MSC implantation will become an efficacious treat-
ment for brachial plexus injury. UC-MSC treatment which 
had been shown by numerous animal studies can save some 
level of neurological function following the injury. A lot of 
positive results following stem cells implantation seem to be 
related to salvage of the existing tissue rather than the repair 
or replacement of damaged tissue. The implanted cells release 
growth factors, cytokines, and hormones to provide most of 
the benefits. These proteins have paracrine effect following 
the transplantation of the stem cells/progenitor cells. These 
include neuroprotection, trophic support, guidance for axonal 
outgrowth, and glial scar control. Stem cell therapy has the 
ability to potentially repair muscle strength. The application 

Table 3   Differences between 
preoperative and postoperative 
result on clinical outcomes

*Mann–Whitney U test

Variable UC-MSC Secretome p-value

SF-36 (mean change)
 Physical functioning 45 ± 40.93 37 ± 28.64 0.753
 Role limitations due to physical health 57.74(0–100) 30 ± 41.08 0.764
 Role limitations due to emotional problems 75.57 ± 21.42 66.68 ± 40.82 0.744
 Energy/fatigue 28 ± 21.38 43 ± 21.09 0.370
 Emotional well-being 31.83 ± 5.25 40(36–68) 0.099
 Social functioning 27.5 ± 22.5 20 ± 14.25 0.577

Pain 46.67 ± 26.96 42.5 ± 21.14 0.814
 General health 26.67 ± 20.82 24 ± 14.75 0.837
 Health change 50(50–75) 25 ± 17.68 0.042*

DASH (mean change) 42.5 ± 12.92 28.04 ± 14.72 0.211
Motoric (mean change) 0 0



4079European Journal of Orthopaedic Surgery & Traumatology (2024) 34:4073–4082	

Table 4   Result of histologic analysis in UC-MSC and secretome groups

Variable Overall p-value UC-MSC p-value Secretome p-value
(n = 15) (n = 7) (n = 8)

N (%) N (%) N (%)

Inflammation (mean) 1.0 1.0 1.0
Preoperative
 Absent 9 (64.3) 6 (42.9) 3 (21.4)
 Focal low 3 (21.4) 0 3 (21.4)
 Focal Moderate 0 0 0
 Multifocal abundant 2 (14.3) 1 (7.1) 1 (7.1)

Postoperative
 Absent 5 (50) 4 (40) 1 (10)
 Focal low 3 (30) 1 (10) 2 (20)
 Focal moderate 1 (10) 1 (10) 0
 Multifocal abundant 1 (10) 0 1 (10)

Regeneration (mean) 0.564 0.317 1.00
Preoperative
 Absent 6 (42.9) 3 (21.4) 3 (21.4)
 Focal small 6 (42.9) 3 (21.4) 3 (21.4)
 Focal large 2 (14.3) 1 (7.1) 1 (7.1)
 Multifocal 0 0 0

Postoperative
 Absent 3 (30) 1 (10) 2 (20)
 Focal small 4 (40) 4 (40) 0
 Focal large 3 (30) 1 (10) 2 (20)

Multifocal 0 0
Fibrosis 0.48 0.414 1.00
Preoperative
 Absent 0 0 0
 Proliferation of perimysial connective tissue only 1 (7.1) 0 1 (7.1)
 Additional mild endomysial fibrosis 2 (14.3) 0 2 (14.3)
 Additional moderate endomysial fibrosis 3 (7.1) 2 (14.3) 1 (7.1)
 Additional severe endomysial fibrosis 8 (57.1) 5 (35.7) 3 (21.4)

Postoperative
 Absent
 Proliferation of perimysial connective tissue only 1 (10) 0 1 (10)
 Additional mild endomysial fibrosis 1 (10) 1 (10) 0
 Additional moderate endomysial fibrosis 4 (40) 2 (20) 2 (20)
 Additional severe endomysial fibrosis 4 (40) 3 (30) 1 (10)

Fig. 3   Histopathological 
findings: histological findings 
shown on the picture described, 
there were no alteration in term 
of inflammation, regeneration, 
and fibrosis between A pre-
operative and B postoperative 
conditions
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of stem cells has been done in muscle-focused clinical studies 
of the heart and leg. Injection of stem cells in a partially den-
ervated muscle was secure, with no adverse effects regarding 
vital signs, bone marrow aspiration sites, injection sites, or 
surgical wounds. Utilization of stem cells in brachial plexus 
injuries holds promise in enhancing the healing process, regen-
eration of the nerve, and the denervated muscles [19].

Previous report showed that after injection of stem cells, 
an increase in amplitude and number of phases of motor unit 
potentials were observed in the EMG findings, which sug-
gestive of muscle reinnervation in the muscles. Such report 
concluded that there was augmented clinical benefits of the 
combination of cellular therapy and rehabilitation in patient 
suffered from brachial plexus injury [20]. Previous system-
atic review of animal studies also showed that stem cells 
implantation to brachial plexus injury showed its ability to 
regenerate nerve cells as evidenced by clinical, electrophysi-
ological, and histopathological results [21].

Rodriquez et al. [22] performed a study to see the effect 
of bone marrow mesenchymal stem cells (BM-MSCs) asso-
ciated with acellular nerve allograft in a rat model phrenic 
nerve transfer to musculocutaneous nerve in C5-C6 avulsion. 
They found that addition of BM-MSCs failed to provide a 
sufficient improvement in the parameters of nerve regenera-
tion. They concluded that possible clinical application of 
acellular nerve allograft enriched with BM-MSCs should be 
optimized by the creation of a microenvironment that facili-
tate cell differentiation [22]. This may explain our result, in 
which we did not find any improvement in regeneration of 
the nerve after stem cells or secretome implantation because 
we did not modify the microenvironment.

In the study of stem cell therapy for brachial plexus injury, 
literature review identified one case series, two case reports, 
and one cohort which showed a promising results. Lee et al. 
[17] in 2023 described three adult traumatic brachial plexus 
injury (BPI) patients who had stem cell therapies. They con-
cluded that stem cell injection did not make the patients to be 
stronger faster. They also did not certain whether any of the 
cases will have long-term complications from the injection. 
No functional improvement was noted at long-term follow-up 
despite claims reported by the commercial entities. Thus, they 
concluded that stem cell therapy for brachial plexus injury is at 
present unethical and unsafe [17]. Two case reports described 
the use of stem cell therapy in BPI. Sharma et al. [16] admin-
istered autologous BMMNCs intrathecally and intramuscularly 
in a patient with BPI, followed by multidisciplinary rehabilita-
tion. At the follow-up assessment of 3 and 7 months after first 
cell transplantation, improvements were recorded in muscle 
strength and movements. Electromyography (EMG) performed 
after the intervention showed a response in biceps and deltoid 
muscles suggesting the process of reinnervation at the site 
of injury. The patient underwent second cell transplantation 
8 months after the first transplantation. Muscle wasting had 

completely stopped with an increase in the muscle girth. No 
adverse effects were noted. Improvements were maintained for 
4 years. They concluded that comprehensive randomized study 
for this type of injury is needed to establish the therapeutic ben-
efits of cellular therapy [16]. Thakkar et al. [23] also reported 
a case of a patient with BPI who had complete sensory-motor 
loss for 16 years with right pseudo-meningocele at C5-D1 lev-
els and extra-spinal extension up to C7-D1, with avulsion on 
magnetic resonance imaging and irreversible damage. On day 
14, 2.8 ml stem cell inoculum was infused under local anes-
thesia in right brachial plexus sheath by brachial block tech-
nique under ultrasonography guidance with a 1.5-inch-long 23 
gauge needle. They found no untoward effects, and the patient 
had sustained recovery with reinnervation over a follow-up 
of 4 years documented on electromyography-nerve conduc-
tion velocity study [23]. Hogendoorn et al. [15] presented a 
case series of nine patients with insufficient elbow flexion (i.e., 
partial denervation). Patients received intramuscular escalating 
doses of autologous bone marrow-derived mononuclear cells, 
combined with tendon transfers. They found that mononuclear 
cell injection in partly denervated muscle of brachial plexus 
patients is safe, and they concluded that the results suggest 
enhanced muscle reinnervation and regeneration [15].

In patients with BPI, the objective findings of the patients 
like muscle strength and sensory performance were generally 
considered instead of subjective symptoms like pain or feel-
ing of well-being. However, patient may have a normal motor 
and sensory function with intractable pain, and in other side, a 
patient’s severe pain may be relieved but his/her motor status 
may not improve. Thus, when evaluating the outcome of sur-
gery for brachial plexus injury, we must also take into account 
the subjective changes in the patients’ feelings such as emo-
tional well-being, social functioning, pain, and general health 
[24]. Patients with BPIs seek surgical treatment to improve the 
functional status, pain, and quality of life (QoL). Motor and 
sensory outcomes are assessed by medical practitioners, while 
QoL and functional outcomes are best evaluated by the patients 
themselves. Only few studies evaluating the QoL outcomes 
in patients with BPI. As expected, patients with BPIs scored 
significantly worse on almost all QoL parameters compared 
with the general population. Our study found that after nerve 
transfer and implantation with either UC-MSC or secretome, 
significant postoperative improvements were observed in phys-
ical functioning, role limitations, energy/fatigue, emotional 
well-being, social functioning, pain, general health, and DASH 
scores, particularly in the overall cohort and the secretome 
group. When we compared the mean difference of clinical out-
come from preoperative to postoperative between UC-MSC 
and secretome groups, the UC-MSC group showed better 
improvement of health change in SF-36 subgroup compared 
to secretome group. Despite this improvement, the motoric 
changes remained unchanged pre- and postoperatively across 
all groups. The result of this study may be in line with the 
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study by Kretschmer et al. [25]. They found that 87% of the 
patients studied were satisfied with the result and 83% would 
undergo the procedure again; however, despite high satisfac-
tion rate, patients remained considerably disable. This can be 
partially explained by previous study which found that the 
capability to work is regarded as one of the most important 
preconditions for good quality of life. A person’s occupa-
tion might be a more important indicator for satisfaction with 
one’s life situation than the degree of physical impairment, and 
occupational retraining is very important for these patients. 
Seventy percent of those who received occupational retraining 
returned to work permanently, and patient’s motivation is also 
important for re-employment. This is the reason why despite 
unchanged motoric outcome, patients can have improvement 
in physical functioning, role limitations, energy/fatigue, emo-
tional well-being, social functioning, pain, general health, and 
DASH scores because with occupational training and motiva-
tion postoperatively [25].

From the analysis, there was no significant difference in the 
histologic outcomes (inflammation, regeneration, and fibro-
sis) in overall cohort between preoperative and postopera-
tive cohort. There was also no significant difference in mean 
change of the histologic outcomes (inflammation, regenera-
tion, and fibrosis) preoperative and postoperatively between 
UC-MSC and secretome groups. This reflected that implanta-
tion of either UC-MSC or secretome along with nerve transfer 
may provide clinical improvement, while to achieve histologic 
improvement, further conditioning should be performed.

Conclusion

Implantation of either UC-MSC or secretome along with 
nerve transfer may provide clinical improvement, while 
to achieve histologic improvement, further conditioning 
should be performed.
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