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Introduction
Brachial plexus is a complex network of 
nerves, formed in the posterior cervical 
triangle by the union of ventral rami of 
fifth, sixth, seventh, and eighth cervical 
nerve roots and first thoracic nerve root 
and is responsible for the innervation of 
the upper extremity.[1] The type of brachial 
plexus injury  (BPI) is determined by the 
location of injury within the nerve route, 
that is, within the rootlets, the roots, or 
within the intervertebral foramina and the 
severity of the damage extending from a 
mild stretch to the nerve root tearing away 
from the spinal cord.[2] Traumatic BPIs may 
occur due to motor vehicle accidents, bike 
accidents, sports, etc., The prognosis is thus 
based on the site and type of BPI.[3]

For the treatment of BPI, there are few 
nonoperative (conservative) management 
strategies including rehabilitation and 
physiotherapy through which reasonable 
mobility can be achieved. Surgical options 
include neurolysis, nerve repair, use 
of nerve grafts and nerve transfer, and 
arthrodesis.[2] In spite of these conservative 
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Abstract
Cellular therapy is being actively pursued as a therapeutic modality in many of the neurological 
diseases. A  variety of stem cells from diverse sources have been studied in detail and have been 
shown to exhibit angiogenetic and immunomodulatory properties in addition to other neuroprotective 
effects. Published clinical data have shown bone marrow mononuclear cell  (BMMNC) injection in 
neurological disorders is safe and possesses regenerative potential. We illustrate a case of 27‑year‑old 
male with traumatic brachial plexus injury, administered with autologous BMMNCs intrathecally 
and intramuscularly, followed by multidisciplinary rehabilitation. 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. In view 
of the improvements observed after the treatment, 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. 
A  comprehensive randomized study for this type of injury is needed to establish the therapeutic 
benefits of cellular therapy.
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and surgical management strategies, there 
is no assurance of complete functional 
recovery of the limb. Therefore, the most 
effective modality would be the one which 
has the potential to repair the underlying 
nerve damage.[4] Cellular therapy has been 
postulated to have the potential to work at 
the microcellular level promoting reparative 
effects on the damaged nerve.[5]

Cellular therapy is emerging as a 
therapeutic approach for neuromuscular 
injury. Stem cells possess the ability of 
self‑renewal and multi‑differentiation.[6] We 
present a case of a 27‑year‑old male with 
BPI, administered with autologous bone 
marrow mononuclear cell  (BMMNCs) 
followed by neurorehabilitation.

Case Report
A 27‑year‑old male patient had a history 
of road traffic accident  (RTA) in 2010, 
leading to right BPI. Postinjury he was 
managed conservatively and had been 
on physiotherapy since then with no 
sign of motor and sensory recovery. His 
electromyography  (EMG)‑nerve conduction 
study findings confirmed the right BPI with 
right median and ulnar‑radial sensory nerve 
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action potential reduced and compound muscle action 
potentials absent.

After 15  months of the RTA, on examination, he was 
hypotonic and hyporeflexia with grade  0 muscle power 
in the right adductors, abductors external rotators, and 
biceps. Voluntary control was affected in the right hand. 
Hand functions were poor on the right side. Sensations 
had returned partly in the median part but were absent in 
the lateral side of the right arm. For assessing the degree 
of independence in activities of daily living  (ADL), 
functional independence measure  (FIM) scale was used 
and the score was 125. Functionally, he was independent 
in most ADL and mobility but needed assistance in 
tasks like tying a shoe lace, etc., where the bilateral 
hand and finger movements were required. The magnetic 
resonance imaging of cervical spine revealed C7‑D1 
pseudomeningocele in the right side representing traumatic 
nerve root avulsion with posterior central protrusion of 
C4‑C5 disc with mild bulge indenting thecal sacs and 
mild degenerative changes in the cervical spine. Muscle 
strength was assessed using modified Medical Research 
Council’s Manual Muscle Testing scale  (mMRC‑MMT). 
The details of the muscle strength charting of all the 
muscles are given in Table 1. EMG reports showed no 
response in the musculocutaneous biceps and axillary 
deltoid muscles suggesting complete denervation with no 
sign of reinnervation.

The selection of the patient was based on the World 
Medical Associations Helsinki Declaration.[7] The protocol 

was reviewed and ethical approval was taken from the 
Institutional Committee for Stem Cell Research and 
Therapy. The procedure of cellular therapy was explained 
in detail, and a duly filled informed consent was obtained 
from the patient prior to the therapy.

On the day of transplantation, 100  ml bone marrow was 
aspirated from the left anterior superior iliac spine under 
local anesthesia using bone marrow aspiration needle 
and was collected in heparinized tubes. The BMMNCs 
were separated from the aspirate using density gradient 
method. Manually, the cell viability was calculated using 
trypan blue dye which was confirmed by TALI machine 
using propidium iodide. Fluorescence‑activated cell sorting 
analysis showed CD34+ count to be 0.86%. The separated 
cells were diluted with cerebrospinal fluid as it has factors 
that are known to promote cell growth.[8]

The cells were injected intrathecally at the level between 
L4 and L5 and intramuscularly at total 19 specific motor 
points on the right upper limb at the following muscles: 
supraspinatus  (1), infraspinatus  (1), deltoid  (3), pectoralis 
major  (1), biceps  (1), triceps  (1), brachioradialis  (1), 
flexor carpi radialis  (1), flexor carpi ulnaris  (1), thenar, 
lumbricals  (3), interossei  (3), adductor pollicis  (1), 
and extensor digitorium  (1). Simultaneous intravenous 
administration of 1  g methyl prednisolone in 500  ml 
of Ringer’s lactate solution was carried out to decrease 
immediate inflammation and to enhance the survival of 
the injected cells. A  total number of cells injected were 
219 × 106 with 94% viability.

Table 1: Improvement in the muscle strength through manual muscle testing grading before and after the cell 
transplantation

Muscle MMT grading 
before therapy

MMT grading 3 
months after first 

therapy

MMT grading 7 
months after first 

therapy

MMT grading 3 
months after the second 

therapy
Shoulder

Teres major 0 1 1 1
Supraspinatus 0 1+ 2+ 2+
Serratus anterior 0 2+ 2++ 2++
Pectoralis major 0 1 1 1+
Flexors 0 0 1 1+
Extensors 0 1 1 1+
Int rotators 0 1 1+ 1++
Abductors 0 0 0 1

Elbow
Biceps 0 1 1 1++
Triceps 0 0 1 1

Wrist and hand
Wrist flexors 0 0 0 1
Adductor 
pollicis

0 0 1 1

Palmar 
interossei

0 0 1 1

Dorsal interossei 0 0 1 1
MMT: Manual muscle testing
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Following transplantation, he underwent multidisciplinary 
neurorehabilitation. Physiotherapy consisted of suspension 
exercises while giving resistance to supraspinatus muscle. 
Occupational therapy included scapular strengthening 
exercises (for trapezius, rhomboids, and serratus) and 
theraband exercises with the help of unaffected hand. He 
was advised to continue all the above exercises twice in 
a day. Counseling was provided by a psychologist to cope 
better with the disease. Pre and post the intervention, 
routine blood tests were performed to monitor the adverse 
events.

The patient was discharged at 1 week posttransplantation 
and was advised to continue the rehabilitation at home. 
The follow‑up assessment was conducted after 3 and 
7  months after the therapy. In view of the improvements 
observed after the treatment, the patient underwent 
second cell transplantation 8  months after the first 
transplantation. The transplantation procedure was 
replicated.

Results
At 1  week following the first cell transplantation, the 
patient showed an improvement in the abduction and 
adduction in the right shoulder. The contraction was felt at 
the biceps and triceps.

Three months after the first transplantation, the 
pushing movement of the shoulder had improved. 
A  strong contraction of biceps, deltoid, pectoralis, and 
subscapularis was evident. The sensation of tingling and 
numbness was felt all over the right limb at rest and 
increased with the intensity of movement. Shoulder joint 
subluxation had reduced. The range of motion  (ROM), 
while doing the suspension exercises, improved by 
15–20°. There was also a reduction in the wasting of 
pectoral, thenar, and hypothenar muscles. EMG reports 
showed a prolonged latency and very low amplitude 
in right axillary, musculocutaneous, and radial triceps 
muscles suggesting an ongoing process of reinnervation 
in the right infraspinatus and bicep muscles. FIM score 
remained the same 125.

At 7  months after the first transplantation, there was 
flicker contraction observed in the pectoralis major, middle 
deltoid, and teres major while it was sustained in the 
deltoid fibers as before. Positive tinel sign with paresthesia 
along the nerve suggested an improvement in regeneration. 
There was a shift of 3.5 inches distally in the level of 
Tinel’s sign below the head of the humerus that was 
evident initially at the head of the humerus. On repeating 
the EMG, a delayed response of low amplitude was 
observed in musculocutaneous biceps and axillary deltoid 
muscle [Table  2 and Figure  1] suggesting the process of 
reinnervation at these sites.

No response was seen in the EMG findings in the 
below‑mentioned muscles before the cellular therapy. 

Following changes were observed after the first cell 
transplantation [Table 2].

The patient underwent second transplantation based on 
the improvements observed. Within a week of second 
transplantation, the swelling in the fingers had subsided. 
There was a shift of Tinel’s sign 2 inches down the 
forearm. Contractions of the bicep muscles improved 
further. Sensations could be felt up to the elbows. Muscle 
wasting in the right forearm and palm had completely 
stopped. Furthermore, the muscle girth had improved.

Assessment after 3 months of the second cell transplantation 
showed the improvements in the static contractions of 
the biceps. Flexion of the wrist was observed suggesting 
the improvement in function of palmari longus tendon. 
Vague contraction of long flexor of the middle finger was 
noted. The patient was followed up after 4  years of the 
first cell transplantation. The ROM had increased, and the 
hand functions were good. The other improvements were 
sustained, and there was no deterioration in muscle strength 
over  4  years. Various muscle groups had gained strength 
and improvements in the muscle strength achieved after the 
previous transplantation were maintained as discussed in 
Table 1.

Discussion
BPI is a severe traumatic event. Injuries to the brachial 
plexus can have devastating consequences, including loss 
of function and chronic pain at the site of injury. The 
incidence of these injuries and the indications for surgery 
have increased during recent years.[9] Surgical management 
and prognosis of traction injuries of the brachial plexus 
depend on the accurate diagnosis of root avulsion from the 
spinal cord. EMG is one of the diagnostic investigation and 
also helps in detection of early signs of recovery.[10] The 
current management of BPI aims at improving the muscle 
strength and movement to attain functional independence. 
Because nerve regeneration occurs gradually at a rate 
of approximately 1  mm/day, recovery from a BPI takes 
time, and patients may not experience results for several 
months.[11] However, the conventional management options 
do not address the core pathology of BPI.

Cellular therapy has been widely used in the treatment of 
central and peripheral nerve injuries.[12] The bone marrow 

Table 2: Electromyography findings observed 7 months 
after the first cell transplantation

Motor NCS
Nerve sites Latency (ms) Amplitude 

(2-4 mV)
Response‑musculocutaneous‑biceps

Neck 8.30 0.4
Response‑axillary‑deltoid

Neck 7.65 0.1
NCS: Nerve conduction study
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consists of a heterogeneous population of stem cells, 
including hematopoietic stem cells, mesenchymal stem 
cells (MSCs), and endothelial progenitor cells.[13] This offers 
a great advantage with the variety of effects from different 
cell types. BMMNCs are easily obtained by a standard 
procedure[14] and its effectiveness and safety have been well 
established without any ethical issues.[15,16] Cellular therapy 
with local implantation of MSC in peripheral nerve injury 
has shown to promote nerve regeneration with axonal 
regrowth and myelin formation.[6] In rabbits, transplantation 
of primary satellite cells has been shown to improve the 
properties of reinnervated skeletal muscles.[17] However, 
poor cellular survival and limited cell diffusion hinder 
in the success of satellite cell transplantation. Moreover, 
only a few cells are known to fuse with host fibers.[18] The 
administration of autologous BMMNCs has been applied 
in clinical studies of various neurological disorders such as 
cerebral palsy, muscular dystrophy, autism, and spinal cord 
injury.[19‑22] To study its potential in BPI, we administered 
a 27‑year‑old male patient with autologous bone marrow 
mononuclear cells. Administration of bone marrow‑derived 
cells has been found to repair and promote axonal 
regeneration at the site of injury.[23] The possible mechanism 
is by secretion of anti‑inflammatory, anti‑apoptotic 
molecules, and trophic factors such as brain‑derived 
neurotrophic factor, nerve growth factor  (NGF), which 
promotes axonal growth, immunomodulation, angiogenesis, 
remyelination, and protection from apoptotic cell death.[24]

Skeletal muscle is a regenerative tissue in which 
mononuclear precursor cells have been found to respond 
to injury by multiplying and fusing with damaged fibers.[25] 
As such, it is an attractive target for cell‑based therapy.[26] 
The recovery of damaged muscle fibers is restricted, due 
to the formation of dense fibrotic scar tissue, despite 
its ability to regenerate.[27] The destabilization of the 
neuromuscular junction has also been observed in animal 
studies which is postulated to be responsible impaired 
functional recovery.[28]

In this case study, the BMMNCs were injected intrathecally 
and intramuscularly at the specific 19 motor points. 
The safety and regenerative potential of autologous 
BMMNC injection in partially denervated biceps have 

been assessed and proved in a pilot study of nine BPI 
patients.[29] A clinical study on rats proved the delivery of 
stem cells to the injured spinal cord intrathecally through 
lumbar puncture to be more efficient than the intravenous 
administration.[30] Thus, the intrathecal route was the 
choice as it is the closest environment to the nervous 
system. Intramuscular injections are administered at the 
motor points plotted bilaterally on muscles by experienced 
physiotherapists. These motor points are the points where 
the innervating nerve enters the muscle. Hence, the 
delivery of cells at these points facilitates and increases the 
efficiency of implantation of these cells in the muscle.[16]

Our participant showed the significant improvements in the 
muscle strength and movements of the right shoulder along 
with voluntary control and hand functions within 7 months 
of cellular therapy. After injection of BMMNC cells, an 
increase in amplitude and number of phases of motor unit 
potentials were observed in the EMG findings. This was 
suggestive of muscle reinnervation in the biceps and deltoid 
muscles. The ROM increased by 15–20° at 3  months 
follow‑up after the first transplantation. The contraction 
had significantly improved in many of the targeted motor 
points of the muscles as depicted by the changes in the 
mMRC‑MMT scores. In our clinical experience, measuring 
the muscle strength using mMRC‑MMT was not sensitive 
to measure subtle changes. Therefore, we further subdivided 
the scale [Appendix 1], which has been standardized for all 
the patients to account for the subtle changes in muscle 
strength.[31,32]

The extensive neurorehabilitation provided along with 
BMMNC transplantation helped in promoting recovery of 
function through neurofacilitation. The study also supports 
the finding that exercise enhances the effect of stem cells 
by helping the mobilization of local stem cells, encouraging 
angiogenesis, and release of cytokines and NGFs.[33] There 
were no short‑  or long‑term adverse effects in this patient, 
2 years after cellular therapy.

The limitation of this study is that it is a single case report 
without any control to draw any conclusions. Hence, more 
robust and randomized clinical studies will be needed to 
effectively establish the putative benefits of cellular therapy 
in BPI cases.

Figure 1: Improvement in the electromyography studies before and after 7 months of first transplantation in the right biceps muscles
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Conclusion
This case study suggests augmented clinical benefits of 
the combination of cellular therapy and rehabilitation. We 
recommend that the effectiveness of cellular therapy should 
be established in a comprehensive larger study for this type 
of injury.
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Appendix 1: Comparison of the grades of the scales modified Medical Research Council’s‑manual muscle testing and 
modified Medical Research Council’s‑manual muscle testing (I)

mMRC‑MMT 
grade

Description mMRC‑MMT (I) 
grade

Description

0 No movement 0 No movement
1 A flicker of movement is seen or felt in 

the muscle
1 Flicker of contraction

1+ Muscle moves the joint through up to one‑third of the 
ROM when gravity is eliminated

1++ Muscle moves the joint more than one‑third less than 
two‑thirds of the ROM when gravity is eliminated

2 Muscle moves the joint when gravity is 
eliminated

2− Muscle moves the joint more than two‑thirds to less 
than the full ROM

2 Muscle moves the joint through complete ROM when 
gravity is eliminated

2+ Muscle moves the joint up to one‑third ROM against 
gravity

3− Muscle moves the joint against gravity 
but not through full mechanical range of 
motion

2++ Muscle moves the joint less than one‑third, greater than 
two‑thirds of ROM against gravity

3− Muscle moves the joint more than two‑thirds to less 
than complete ROM

3 Muscle cannot hold the joint against 
resistance but moved the joint fully 
against gravity

3 Muscle moves the joint through complete ROM against 
gravity

3+ Muscle moves the joint against combination of gravity 
and moderate resistance up to one‑third of ROM

3+ Muscle moves the joint fully against 
gravity and is capable of transient 
resistance but collapses abruptly

3++ Muscle moves the joint against combination of gravity 
and moderate resistance from one‑third to two‑thirds of 
ROM

4− Same as grade 4, but muscle holds the 
joint only against minimal resistance

4− Muscle moves the joint more than two‑thirds to less 
than complete ROM against combination of gravity and 
moderate resistance

4 Muscle holds the joint against a 
combination of gravity and moderate 
resistance

4 Muscle moves the joint against combination of gravity 
and moderate resistance though complete ROM

4+ Same as grade 4 but muscle holds the 
joints against moderate to maximal 
resistance

4+ Muscle moves the joint against combination of gravity 
and moderate to maximal resistance up to one‑third of 
ROM

5− Barely detectable weakness 4++ Muscle moves the joint against combination of gravity 
and moderate to maximal resistance from one‑third to 
two‑thirds of ROM (barely detectable weakness)

5 Normal strength 5 Muscle moves the joint against combination of gravity 
and moderate to maximal resistance though complete 
ROM (normal strength)

mMRC: Modified Medical Research Council’s, MMT: Manual muscle testing, ROM: Range of motion


