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Abstract. – OBJECTIVE: To investigate the
effect ganglioside with nerve growth factor on
the recovery of extremity functionality following
spinal cord injury and somatosensory evoked
potential.

PATIENTS AND METHODS: A total of 62 pa-
tients with spinal cord injury admitted to our
hospital from February 2012 to October 2013
were selected and randomized to treatment (N =
31) and control groups (N = 31). The combination
of systematic rehabilitation training and GM-1 in-
tervention were prescribed to patients in the
control group, while an additional intervention of
mNGF (mouse nerve growth factor) was pre-
scribed to patients in the treatment group. All
patients were subject to Functional Indepen-
dence Measure (FIM), Modified Barthel Index
(MBI) and P- and N- wave latency of bilateral low-
er extremities by SEP method evaluations at 3
months before and after the intervention.

RESULTS: Three months after the intervention,
the FIM and MBI scores improved significantly in
both groups, with significant recovery in the P-
and N-wave latencies. (p < 0.05). The improve-
ments in the FIM and MBI evaluations and P-, N-
wave latencies of the treatment group were bet-
ter than those of the control group. The post-
treatment inter-group difference was statistically
significant (p < 0.05).

CONCLUSIONS: The combination of systematic
rehabilitation training and GM-1 intervention plus
mNGF is more effective in restoring extremity
function following spinal cord injury. Somatosen-
sory evoked potential can be an excellent index to
evaluate rehabilitation efficacy and accurately re-
flect changes in neurological function.

Key Words:
Mouse nerve growth factor, Spinal cord injury,

Ganglioside, Somatosensory evoked potential, Reha-
bilitation.

Introduction

Spinal cord injury (SCI) is recognized as a
transverse injury induced by various risk factors
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(trauma, inflammation, malignancy, etc.), result-
ing in neurological dysfunction. It is a disease
with high disability. Restoring functions post
spinal cord injury remains to be a medical chal-
lenge. Despite great progress in diagnosing and
treating spinal cord injury, it is still difficult to
cure, leading to a heavy social and family bur-
den. To resolve and improve the prognosis and
outcome of spinal cord injury, continuous multi-
disciplinary investigations are conducted and are
a priority for rehabilitation medicine. Systematic
rehabilitation training and GM-1 intervention, in
combination, is widely used1-3. To promote
restoration of neurological function and improve
prognosis of SCI patients, the administration of
mouse Nerve Growth Factor (mNGF) was used
to provide an intensive neurotrophic support, re-
sulting in favorable results. Somatosensory
evoked potential (SEP) are widely used in clini-
cal practice, but its utility is restricted to the di-
agnosis of neurological disorders and neuro-
surgery monitoring. Furthermore, the use of so-
matosensory evoked potential (SEP) were rarely
reported as an index of SCI restoration. There-
fore, somatosensory evoked potential was intro-
duced in this study to evaluate the restoration
profile of SCI patients.

Patients and Methods

Clinical Data
Inclusion criteria: (1) compliance with the

SCI diagnostic criteria of the American Spinal
Injury Association (ASIA)4; (2) post-interven-
tions of spinal decompression and/or fixation,
bone graft fusion; (3) spine fracture concomi-
tant with SCI, confirmed by CT and/or MRI;
(4) in good condition before injury and no prior
history of neck, shoulder, waist and leg pains;
and (5) informed consent signed by the patient
or family members.
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Exclusion Criteria: (1) comorbidities of car-
diac, hepatic and renal dysfunction; (2) prior
histories of cerebrovascular disease or mental
disorders; and (3) non-compliance to study
treatment.

A total of 62 patients with spinal cord injury
admitted to our department from February 2012
to October 2013 were selected and randomized
into treatment and control groups according to
the Random Number Table, with 31 patients for
each group. The general characteristics were bal-
anced and comparable between these two groups.
No statistically significant differences were ob-
served (p > 0.05) (Table I).

Intervention
For patients in the control group, the combina-

tion of rehabilitation training and GM-1 interven-
tion were prescribed based on the injury level,
while an additional intervention of mNGF
(mouse nerve growth factor) was prescribed to
patients of the treatment group.
1. Comprehensive rehabilitation interventions:

Physical therapies: ROM (range of motion)
training, residual strength training, turning and
sitting, standing, balancing and walking; appli-
cation of functional electrical stimulation and
orthopedic brace. Occupational therapies:
training of daily activities are important; self-
care activities such as eating, grooming, dress-
ing, moving in bed, a transition from bed to
wheelchair, concomitant with acupuncture,
physical factor therapy, massage, psychologi-
cal and symptomatic supportive treatments.
The rehabilitation interventions described
above were conducted using the one to one
pattern, with 45 min in each session, bid
(morning and afternoon), six times per week
for three months. During treatment, immediate
rehabilitation intervention could be adjusted in
response to the restored function.

2. GM-l intervention: The regimen was GM-1 60
mg + NS 100 mL iv gtt qd, with medication
for four weeks and off medication for two
weeks for one cycle, followed by another two
cycles.

3. mNGF intervention: The regimen was mNGF
30 µg + NS 2 mL im qd, with medication for
four weeks and off medication for two weeks
for one cycle, followed by another two cycles.

Evaluation
Patients in both groups were evaluated three

months before and after the intervention.
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Results

There were no statistically significant inter-
group differences in the results of FIM and MBI
evaluations between the treatment and the control
group before interventions (p > 0.05). After the
intervention, the FIM and MBI scores improved
significantly in both groups, and P- and N-wave
latencies were recovered significantly. These dif-
ferences were statistically significant in compari-
son to those before treatment (p < 0.05). The ex-
tent of improvement in the FIM and MBI evalua-
tions and P-, N-wave latencies of treatment group
were significantly better than those of the control
group. The post-treatment inter-group difference
was statistically significant (p < 0.05) (Tables II
and III).

Discussion

Current investigations of post-nerve injury
restoration and regeneration focused on the fol-
lowing two aspects: (1) Anatomy reconstruction of
nerve morphology; (2) Development of neurobiol-
ogy features. As microsurgical techniques ad-
vance, neurosurgery accuracy and postoperative
recovery will improve. Research interests change
from microsurgical techniques to cellular and mol-
ecular modifications during nerve regeneration5.
The application of pharmaceutical drugs induce
nerve restoration and rehabilitation intervention.

There are two pathological mechanisms in-
volved in the process of nerve damage acute
spinal cord injury. (1) Primary injury, including
mechanical pressure and bleeding, occurring 4
hours after injury; (2) Secondary injury, includ-
ing edema, inflammation, ischemia, excessive ac-
tivation of glutamate receptors, calcium overflow,
peroxidation and other toxic effects, is a re-
versible and active regulation mechanism at the
cellular and molecular levels. Currently, there is

1. The ADL (activity of daily living) and inde-
pendent living capacity of patients were evalu-
ated by the Modified Barthel Index (MBI) and
activity of daily living (ADL) under double-
blind study.

2. SEP measurements: SEP examinations were
conducted using a medical evoked potential in-
strument (Neuron Oxford, Oxford, UK). Specif-
ic examination procedures were described as
follows: take a supine position, remain quiet and
calm. Next, take the posterior tibial nerve inferi-
or to medial malleolus of bilateral lower extrem-
ities and stimulate with a square wave pulse for
0.2 ms and at a frequency of 10 Hz. Next, record
the electrode placement, with International EEG
Classification System 10-20 as the signal and
Cz’ as the record point, and place the reference
electrode over the FPz point. Keep a close con-
tact between the electrode and skin with the
conductive adhesive tape. A computer was used
to integrate and record each pulse under a filter
of 100-2000 Hz, with 100-500 times of superpo-
sition for 100 ms and at least two replicates. Re-
sults included average bilateral lower extremities
values and the P-wave and N-wave for the tibial
nerve of the lower extremities. Neurophysiologi-
cal experts examined the patients from the treat-
ment and control groups under double-blinded
pattern at enrolment and at three months after
intervention. During the examination, quiet cir-
cumstance and constant room temperature (from
18-25°C) is required and patients were asked to
stay awake.

Statistical Analysis
Descriptive data with normal distribution were

analyzed by t-test and without normal distribu-
tion with rank sum test. The numeration data
were analyzed using chi square test. Statistical
analyses were implemented by using SPSS11.0
software package (SPSS Inc., Chicago, IL, USA)
and p < 0.05 was statistically significant.

FIM score MBI score
Before After Before After

Group n intervention intervention intervention intervention

Intervention group 31 35.53 ± 11.32 84.76 ± 11.36b,c 38.42 ± 11.28 81.49 ± 8.17b,c

Control group 31 36.17 ± 11.41 71.93 ± 11.84a 37.72 ± 11.63 81.49 ± 8.17b,c

Table II. Comparison of the MBI and FIM scores before and after treatment between two groups (x– ± s).

Note: ap < 0.05, bp < 0.05, compared with the pre-intervention level; cp < 0.05, compared with the control group. FIM: Func-
tional Indipendence Measure; MBI: Modified Barthel Index.
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no effective treatment for primary spinal cord in-
jury. Surgical intervention restores the residual
function of the spinal cord, stabilizes and mini-
mizes injury to the spinal cord. However, due to
factors which might induce secondary injury, sur-
gical intervention is not sufficient, which brings
an opportunity to medical interventions.

GM-1 is used in clinical practice and is recog-
nized to be a well-established drug like methyl-
prednisolone in SCI medical interventions2,3.
GM-1 could penetrate blood-brain barrier (BBB)
with the highest concentration of GM-1 observed
in nerve injury areas. It has a high binding affini-
ty to neural tissue of the affected areas. GM-1
administration could improve animal nerve func-
tions. Its possible mechanisms4 include: antago-
nism of excitatory amino acid toxicity; activity
reservation of Na+-K+-ATPase and Ca2+-ATPase;
correction of electrolyte imbalances and preven-
tion of cellular edema; prevention of intracellular
calcium accumulation; reduction of lipid peroxi-
dation and free radical damage; prevention of
lactic acidosis; direct restoration of damaged
nerve cell membranes; promotion of multiple
nerve growth factors; regulation of the expres-
sion profiles of various inflammatory factors and
cytokines; blockage of nerve cell apoptosis.

Re-exposure of pre-embedded receptors of
neurotrophic factors (NTFs) has been demon-
strated after CNS injury, which suggests the sup-
port of neurotrophic factors is required for the re-
generation of damaged neurons6,7. Intervention of
neurotrophic factor is also one of the mechanism
to boost rehabilitation mediated spinal cord plas-
ticity. After CNS injury, the restricted expression
profile of NTF in damaged tissues plays an active
role in prophylaxis of secondary injury induced
by microenvironment changes. However, the ef-
fects of restoration and nerve function recovery
were limited due to insufficient NTF presenta-
tion. Therefore, the use of exogenous NTFs is
considered to promote restoration of damaged
spinal cord. As one of the main members of the

neurotrophin family, nerve growth factor (NGF)
is the first identified neurotrophic factor5. It is not
one of the most important bioactive proteins in
the nervous system of human beings, but also re-
quired for the differentiation, development and
maintenance of the central and peripheral ner-
vous system. It has dual functions similar to
those of neurotrophic factors and nerve growth
factors and promotes post-nervous system dam-
age restoration. In case of physical, chemical,
and other damages to the nervous system, exoge-
nous nerve growth factor could protect sensory
neurons and sympathetic neurons from further
damages to boost growth of nerve fiber regenera-
tion and restoration of neurological function.
Moreover, NGF is also associated with induction
of oriented growth of neural cells, promotion of
axonal regeneration and remyelination. NGF has
an effect on sympathetic, sensory and motor
nerves, as indicated by numerous studies.

As reported in earlier studies, NGF induced
neuronal differentiation might be correlated to
the effect of ganglioside GM-18,9. GM-1 could
amplify the neurotrophic effect of NTFs and re-
duce damaged cell death10,11. GM1 is associated
with boosting of the NGF-mediated motor neu-
ron regeneration, acceleration of axon myelina-
tion, restoration of motor conduction function
and has favorable biological effects. In the early
stages of injury, the administration of exogenous
NGF and GM1 in combination was associated
with acceleration of nerve recovery, promotion of
neuronal function recovery, reduction of cell
death in earlier stages, shortening restoration du-
ration of damaged nerves, resulting in significant
improvement of quality of life.

In this study, mNGF yielded from the mouse
submandibular gland was identified to be a bio-
logical protein with a molecular weight of 26.5
KD. As an exogenous nerve growth factor,
mNGF for injection, was combined with GM-1
to produce a synergic effect other than a simple
additive effect of both medications. Therefore,

N-wave latency P-wave latency
Before After Before After

Group n intervention intervention intervention intervention

Intervention group 31 36.4 ± 11.3 30.1 ± 8.7b,c 41.3 ± 10.5 33.3 ± 9.8b,c

Control group 31 36.9 ± 12.1 33.2 ± 8.6a 41.4 ± 10.6 37.1 ± 9.5a

Table III. Comparison of the lower-limb SEP latencies before and after intervention between two groups (ms x– ± s).

Note: ap < 0.05, bp < 0.05, compared with the pre-intervention level; cp < 0.05, compared with the control group.
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the outcome of the treatment group was signifi-
cant in comparison to that of the control group.
Moreover, the treatment outcome of the GM-1
combined with different doses and mNGF has
not been investigated in this study and warrants
further clinical investigations.

The neurological evaluation post-spinal cord
injury has relied on evidence-based medicine
for a long time. This standard is based on the
ASIA scale, Damage Classification System,
FIM and MBI scales, which is affected by pa-
tient compliance, subjective sensation, physi-
cian’s judgment and other factors. Moreover, ra-
diological examinations (such as X-ray, CT and
MRI, etc.) are helpful when determining the
site, segment, scope and damage extent of the
spinal cord injury, but changes in spinal anato-
my and radiological findings could not reflect
the functional outcome. In recent years, electro-
physiologists and clinicians described SEP
changes in-parallel to pathological and func-
tional changes, which provides a better reflec-
tion to spinal cord function. Therefore, SEP is
used as an index to evaluate the efficacy of the
interventions. SEP is a noninvasive electrophys-
iological technique which reflects the conduc-
tion functions of somatosensory pathways and
upstream thick myelinated nerve fibers at the
different nerve levels. This examination covers
the full-somatosensory pathway of the nervous
system, which reflects the integrity and func-
tionality of this pathway. Moreover, the neuro-
logical damage profile could be used as a diag-
nostic tool to identify the functions of the neural
pathways, especially CNS. In this study, signifi-
cant improvement of P- and N-wave latencies
were observed for both groups (p < 0.05), while
P- and N-wave latencies improvements of the
tibial nerve were superior to those of the con-
trols (p < 0.05). The Nerve Growth Factor
(NGF) is effective, and SEP was proposed as an
excellent index to evaluate rehabilitation effica-
cy, consistent with the results of FIM and MBI
evaluations. Since SEP is independent of apha-
sia, unconsciousness, sleep or central nervous
system depressants and could electrophysiologi-
cally reflect the functionality of the nervous
system. This tool could be used to confirm
spinal cord injury, damage extent, prognosis
prediction, choice of intervention regimen, and
assessment of efficacy, and is of clinical appli-
cation value.
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