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The Clinical Effect of a Combination of Mouse
Nerve Growth Factor and Methylcobalamin to Treat

Lumbar Disc Herniation with Foot Drop:
A Retrospective Cohort Study

Zhuang Chen-yang, MD† , Hu An-nan, MD†, Jiang Yun-qi, MD, Wang Hui-ren, PhD, Li Xi-Lei, PhD,
Zhou Xiao-gang, PhD, Lin Hong, PhD

Department of Orthopaedic Surgery, Zhongshan Hospital, Fudan University, Shanghai, China

Objective: To investigate the clinical effect of mouse nerve growth factor (mNGF) and methylcobalamin (MeCbl) for
the treatment of lumbar disk herniation (LDH) with foot drop.

Methods: A total of 46 patients suffering from LDH with foot drop who underwent transforaminal lumbar interbody
fusion (TLIF) surgery in our department from January 2015 to December 2017 were retrospectively analyzed. We
divided these patients into two groups according to the different postoperative treatment which independently selected
by patients after signing informed consent form: one group of 25 patients was treated with MeCbl alone (Group
MeCbl), the other group of 21 patients was treated with a combination of mNGF and MeCbl (Group MeCbl+mNGF).
Patient demographics, the visual analogue scale (VAS) scores, sensory and muscular strength improvement statistics
at 1 week, 4 weeks, 12 weeks, and 12 months postoperatively were recorded. Motor/sensory deficits, sciatica and
overall neurological outcome after treatment of MeCbl alone and combination of mNGF and MeCbl were retrospectively
analyzed.

Results: The follow-up ranged between 12 and 42 months (mean 20.8 months). There were no significant differences
between these two groups of patients with respect to sex ratio, age, smoking, diabetes, disease course, section of
protruding disc(s), muscular strength of foot dorsiflexion or preoperative visual analogue scale (VAS) score (P > 0.05).
The VAS scores of Group MeCbl+mNGF were significantly lower than Group MeCbl at 1 week, 4 weeks, 12 weeks,
and 12 months postoperatively (4.32 � 0.75 vs 5.25 � 0.79,2.65 � 0.48 vs 3.42 � 0.52, 1.72 � 0.36 vs 2.45
� 0.39, 1.12 � 0.22 vs 1.52 � 0.24, P < 0.05). The effective rates of sensory improvement were significantly higher
in Group MeCbl+mNGF compared with Group MeCbl at 12-week/12-month follow-up time point (90.48% vs
52.00%,95.24% vs 68.00%, P < 0.05). The effective rate of muscular strength improvement of the two groups did not
differ significantly at 1 week after surgery but exhibited statistically significant differences at subsequent time points
(61.90% vs 32.00%, 76.19% vs 44.00%, 80.95% vs 48.00%, P < 0.05).

Conclusions: Application of mNGF had clinical effects on promoting the recovery of neurological function in patients
suffering from LDH with foot drop.
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Introduction

Foot drop, or palsy of tibialis anterior muscular is a com-
plicated syndrome, which is clinically characterized by

the difficulty or disability of foot dorsiflexion. It results from
many different disorders, including spinal cord lesions, brain
diseases, and lumbar degeneration diseases1,2. In the cases
with foot drop caused by lumbar degeneration diseases, lum-
bar disc herniation (LDH) accounts for a large proportion1–3.
LDH with foot drop is a particular type of lumbar degenera-
tion disease. Although it is clinically rare compared with
other complications as a result of LDH, accounting for 2.5%
to 3% of all cases of lumbar disc herniation1,2, it still induces
claudication symptoms and consequently influences the
quality of life of patients. The occurrence of foot drop in
patients with LDH indicates the severe nerve root compres-
sion and huge nucleus pulposus prolapse. Conservative ther-
apies for this type of lumbar disc herniation alone are
generally ineffective and difficult to achieve satisfactory out-
comes; instead, surgery is recommended to completely
relieve the compression of damaged nerve roots in many
studies3,4. However, surgery for lumbar disc herniation with
sciatica symptoms has been shown improved outcomes pro-
foundly4, the complete remission of foot drop resulted from
peripheral nerve dysfunction is extremely difficult to achieve
due to the severe impairment of neurological function.
Meanwhile, the routine drug treatment plan after surgery
varies according to experience of different clinicians and an
appropriate medication scheme remains unknown. Summar-
ily, there exists a demand to undergo the relevant further
study in the optimized combination of surgery and drug
treatment to this particular disorder.

Nerve growth factor is a bioactive polypeptide. It is a
regulatory factor of nerve cell growth that exhibits the dual
biological functions of neuronal maintenance and the pro-
motion of neurite growth8. We have previously used mouse
nerve growth factor (mNGF) to treat patients with spinal
cord injury and have demonstrated that mNGF shows good
efficacy in the recovery of the spinal cord injury12. However,
few clinical reports have examined the use of mNGF for the
treatment of lumbar disc herniation with sciatica, particularly
in cases that involve foot drop. Methylcobalamin (MeCbl) is
the activated form of vitamin B12, and exerts neuronal pro-
tection by promoting regeneration of injured nerves and
antagonizing glutamate-induced neurotoxicity as an auxiliary
agent4. The effects of MeCbl on recovery of peripheral neural
injuries have been reported in many studies5–7. In the cur-
rent study, we retrospectively analyzed patients adminis-
trated with mNGF/ MeCbl suffering from LDH with foot
drop who underwent surgery in our department between
January 2015 and December 2017. In particular, by compar-
ing the clinical efficacy of a treatment that combined mNGF

and MeCbl with which of MeCbl alone among these patients,
the potential clinical applications of mNGF for the treatment
of lumbar disc herniation with foot drop were investigated.

Accordingly, the objectives set to this current retro-
spective study are as follows: (i) statistically summarize the
demographics and clinical characteristics of patients with
foot drop due to LDH; (ii) investigate the potential therapeu-
tic effects and efficacy of mNGF in treating LDH with foot
drop particularly; and (iii) hopefully assist clinicians to select
a treatment scheme with better neurological outcome in
patients with LDH especially represented by foot drop.

Materials and Methods

Inclusion Criteria
Between January 2015 and December 2017, a total of
989 patients with lumbar disc herniation underwent surgery
in our department. Our inclusion criterion was as follows:
(i) age ranged from 35 to 55 years old and diagnosed with
LDH by computed tomography (CT) and magnetic reso-
nance imaging (MRI); (ii) patients suffered from foot drop
and the course of low back pain and/or sciatica ranged from
6 to 24 months; (iii) patients treated with combination of
mNGF and MeCbl or MeCbl alone after surgery;
(iv) patients could be observed the recovery of neurological
function by the specific methods; and (v) indicators observed
could be retrospectively collected and statistically analyzed.

Exclusion Criteria
Our exclusion criterion was as follows: (i) took other medica-
tions known to improve the nerve function before surgery or
during the follow-up; (ii) took physical exercise known to
improve the nerve function before surgery or during the
follow-up; (iii) with any other nerve system disease which
could induce the similar symptom; and (iv) with severe
heart/liver/kidney diseases or allergic to the medications.

General Data
Finally, an IRB approved retrospect cohort including 46 cases
with complete data among the patients were analyzed in this
study. Before surgery, these patients had experienced unilat-
eral or bilateral pain, numbness, hypoaesthesia in their lower
extremities and foot drop. Most of the patients were also
hampered by lower back pain and limited waist mobility
(38 cases). A small number of these patients also experienced
urinary retention, saddle paraesthesia and other symptoms
of cauda equina syndrome (six cases). Computed tomogra-
phy (CT) and magnetic resonance imaging (MRI) indicated
that the patients suffered from the protrusion or even the
prolapse of lumbar intervertebral discs, which caused the
unilateral or bilateral compression of nerve roots. Each
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patient was treated with MeCbl from Eisai Corporation
(Suzhou, China) to improve the nerve function routinely the
next day after the surgery. Whether the patients were treated
with mNGF from Sinobioway Corporation (Xiamen, China)
depends on the patients’ willing.

All persons gave their informed consent prior to their
inclusion in the study. Details that might disclose the identity
of the subjects under study should be omitted. Our study
protocol has been approved by the ethics committee of
Zhongshan Hospital, Fudan University.

Treatment
The objective of surgery is decompression, discectomy and
stabilization. The patients in both groups underwent
laminoplasty and transforaminal lumbar interbody fusion
(TLIF) with internal fixation operated by the same team in
our department. The next day after surgery, patients in
Group MeCbl+mNGF were treated with a combination of
9000 IU of mNGF and 500 μg of MeCbl by intramuscular
injection, whereas patients in Group MeCbl were intramus-
cularly injected with 500 μg of MeCbl alone. Both groups
were injected once daily over a four-week course of
treatment.

Outcome Measures

General Demographics
Factors including sex ratio, age, smoking, diabetes, disease
course, section of protruding disc(s), muscular strength of
foot dorsiflexion, preoperative visual analogue scale (VAS)
score, effective rates of sensory improvement were collected
and measured. The presence or absence of postoperative
infection and other complications, such as long-term defi-
ciencies in interbody fusion or fractures related to internal
fixation, were also recorded.

Muscular Strength
Muscular strength of foot dorsiflexion was defined as deter-
mining muscular strength of the tibialis anterior using a
manual muscle test and by characterizing it according to the
Medical Research Council scale into 6 grades2. To be specific,
grade 0 indicates no contraction of tibialis anterior; grade
1 indicates slight contraction of tibialis anterior is observed,
but no joint motion of ankle; grade 2 indicates patients can
invert and dorsiflex ankle with gravity eliminated through
full range of motion; grade 3 indicates patient can invert and
dorsiflex ankle against gravity through partial range of
motion; grade 4 indicates patients can dorsiflex and invert
ankle against gravity and moderate resistance; grade 5 indi-
cates patients can dorsiflex and invert ankle against gravity
and full resistance.

Visual Analogue Scale (VAS) Score
Visual analogue scale (VAS) score was a routine measure-
ment of pain intensity which is scored from 0 to 10 according
to the patient’s subjective sense of pain. It is measured with

the distance(mm) on the 10 cm line between the “no pain”
anchor and the patient’s mark16.

Neurological Function Assessment
The recovery of neurological function was evaluated by the
following criteria. A highly effective recovery was defined as
a case in which there was a significantly improvement in
sensory disturbance, a total recovery from foot drop, or two
or more levels of improvement in tibialis anterior muscular
strength by the manual muscle test. An effective recovery
was defined as a case in which there was a partial improve-
ment in sensory disturbance, a partial recovery from foot
drop, and an improvement in tibialis anterior muscular
strength by no more than two levels. An ineffective recovery
was defined as a case in which sensory disturbance was
unimproved and there was no tibialis anterior muscular
strength recovery.

Statistical Analysis
The IBM SPSS Statistics 19.0 (SPSS Inc., Chicago, United
States) was used for data analysis, and continuous data were
expressed as means � standard deviation (SD). Continuous
data from the two groups of patients were compared using
the independent samples t-test, and discrete data were com-
pared using the chi-square test. Repeated measures analyses
of variance were used to compare patients’ indicators at each
time point before and after surgery. The least significant dif-
ference (LSD) t-test was used for within-group pairwise com-
parisons. P < 0.05 was regarded as a significant difference.

Results

General Results
A total of 46 patients were divided into two groups
according to the postoperative treatment (Table 1). In partic-
ular, one group of patients was treated with MeCbl alone
(Group MeCbl, consisting of 25 cases), whereas the other
group of patients was treated with a combination of mNGF
and MeCbl (Group MeCbl+mNGF, consisting of 21 cases).
There were no significant differences between these two
groups of patients with respect to sex ratio, age, smoking,
diabetes, disease course, section of protruding disc(s), mus-
cular strength of foot dorsiflexion or preoperative visual ana-
logue scale (VAS) score (P > 0.05). Thus, these two groups
were comparable and our study was a non-random retro-
spective analysis.

All patients underwent follow-up via outpatient for a
period of 12–42 months, with a mean follow-up duration of
20.8 months.

Visual Analogue Scale (VAS) Scores
For both groups of patients, the VAS scores at 1 week,
4 weeks, 12 weeks, and 12 months after treatment signifi-
cantly differed from pre-treatment VAS scores (P < 0.05)
(Fig. 1). Furthermore, the VAS scores of Group MeCbl
+mNGF were significantly lower than the VAS scores of
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Group MeCbl at 1 week (4.32 � 0.75 vs 5.25 � 0.79,
P < 0.05), 4 weeks (2.65 � 0.48 vs 3.42 � 0.52, P < 0.05),
12 weeks (1.72 � 0.36 vs 2.45 � 0.39, P < 0.05), and
12 months (1.12 � 0.22 vs 1.52 � 0.24, P < 0.05).

Neurological Function Recovery
In both groups, all of the patients with urinary retention
(three patients in Group MeCbl+mNGF and three patients
in Group MeCbl) recovered normal urinary function by
4 weeks after treatment. Higher effective rates of sensory
improvement were observed in Group MeCbl+mNGF than
in Group MeCbl and exhibited statistically significant differ-
ences at 1 week (52.38% vs 24.00%, P < 0.05), 4 weeks
(76.19% vs 44.00%, P < 0.05), 12 weeks (90.48% vs 52.00%,

P < 0.05), and 12 months (95.24% vs 68.00%, P < 0.05) after
treatment (Fig. 2).

Muscular Strength Recovery
More significant muscular strength improvements were
found in patients in Group MeCbl+mNGF at 4 weeks,
12 weeks, and 12 months after treatment (Fig. 3), and the
effective rate of muscular strength improvement of the two
groups of patients did not differ significantly at 1 week after
surgery (14.29% vs 12.00%, P > 0.05) but showed significant
differences at 4 weeks (61.90% vs 32.00%, P < 0.05), 12 weeks
(76.19% vs 44.00%, P < 0.05) and 12 months (80.95% vs
48.00%, P < 0.05) after treatment (Table 2).

Complications
No patients died during the follow-up period. Two patients
of the Group MeCbl+mNGF had minor rashes and itch.
Rashes and itch recovered after symptomatic treatment,
which did not affect the following treatment. The surgical

Fig 1 VAS scores of Group MeCbl+mNGF were significantly lower than

that of Group MeCbl at 1 week (4.32 � 0.75 vs 5.25 � 0.79,

P < 0.05), 4 weeks (2.65 � 0.48 vs 3.42 � 0.52, P < 0.05), 12 weeks

(1.72 � 0.36 vs 2.45 � 0.39, P < 0.05), and 12 months (1.12 � 0.22

vs 1.52 � 0.24, P < 0.05). *Significant when P < 0.05.

Fig 2 Distribution of neurological recovery level in patients in two

groups. More significant sensory improvements were found in patients

in Group MeCbl+mNGF at 1 week, 4 weeks, 12 weeks, and 12 months

after treatment (A = MeCbl, B = mNGF+MeCbl).

TABLE 1 Patient characteristics of the two groups (mean � SD; P < 0.05 was identified with significant difference; n = number)

Group MeCbl (n = 25) MeCbl+mNGF (n = 21) Statistic value P value

Sex (male/female) 12/13 11/10 <0.001 0.979
Age (year) 49.65 � 12.34 50.15 � 12.80 �0.107 0.846
Smoking (Y/N) 12/13 11/10 <0.001 0.979
Diabetes (Y/N) 5/20 4/17 0.007 0.935
Course of low back pain and sciatica (month) 18.85 � 4.28 18.66 � 4.83 �0.086 0.932
Course of foot drop (week) 2.40 � 0.50 2.57 � 0.51 1.151 0.256
The segment of the lumbar disc herniation (n) L3/4 1 1 0.038 1.000

L4/5 11 9
L5/S1 7 6
L3/4/5 3 2
L4/5/S1 3 3

Muscular strength of foot dorsiflexion (n) grade 0 2 2 0.024 0.988
grade 1 6 5
grade 2 17 14
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incisions of patients in both groups exhibited primary
healing without infections or other complications. Interbody
fusion was achieved in all patients by 6 to 12 months after
surgery (with a mean duration of 8 months), and stable
internal fixation without fracture occurred in all cases.

Discussion

It is essential for the recovery of neurological function of
the patients suffering from lumbar disc herniation with

foot drop to relieve the decompression of the nerve
roots17,18. The occurrence of foot drop indicates the severe
nerve root compression and huge nucleus pulposus pro-
lapse18–20. Before surgery, CT and MRI showed that the
patients suffered from the protrusion or even the prolapse of
lumbar intervertebral discs. The prolapse of lumbar discs
may indicate segmental instability and to relieve that situa-
tion, surgical intervention especially decompression and
TLIF is recommended by many surgeons with exactly proven
effects nowadays1,3,19. Nevertheless, the effective recovery

from foot drop is still a tremendous task even after those
who underwent surgery.

MeCbl, a traditional neurotrophic drug, is a coenzyme
form of vitamin B124. MeCbl facilitates the repair of dam-
aged nerve tissue by enhancing nerve tissue metabolism and
promoting the synthesis of not only lecithin, the major com-
ponent of myelin, but also various nucleic acids and proteins
of nerve cells, including axonal proteins4–6. MeCbl has been
widely used for the treatment of nerve injury and has dem-
onstrated good clinical efficacy. The use of neurotrophic
drugs is an essential aspect of the recovery. Nerve growth
factor (NGF) is a bioactive polypeptide and the first neuro-
trophic factor to be discovered. It is a regulatory factor of
nerve cell growth that exhibits the dual biological functions
of neuronal maintenance and the promotion of neurite
growth8. NGF causes the enlargement of sensory and sympa-
thetic neurons, accelerates mitosis, increases the number of
nerve cells, and induces the directional growth of nerve
fibers. In addition, it improves neuronal survival, stimulates
the development of neuronal soma and dendrites, enhances
the density of nerve fibers in targeted areas, and exerts a pro-
tective effect on injured neurons9,13,14. The functions of NGF
include accelerating the regeneration of peripheral nerves
and promoting the repair of damage to the central nervous
system and/or peripheral nerves10,11. The mNGF is a bioac-
tive protein extracted from the submandibular glands of
mice. This protein has a relative molecular mass of 26.5
� 103 and is more than 90% homologous to human NGF. In
the human nervous system, mNGF exhibits neurotrophic
effects on normal cells and promotes the recovery of injured
nerves. It has been widely used for the treatment of central
nervous system injuries and achieved good clinical effects.
Thus, mNGF is an ideal drug for the treatment of central
nervous system damage. Moreover, earlier mNGF adminis-
tration is associated with more rapid recovery and greater
efficacy9. In Zeng’s retrospective study, they used mNGF
combined with methylprednisolone sodium succinate
(MP) to treat acute spinal cord injury and cauda equina

Fig 3 Distribution of muscular strength recovery level in patients in two

groups. More significant muscular strength improvements were found in

patients in Group MeCbl+mNGF at 4 weeks, 12 weeks, and 12 months

after treatment (A = MeCbl, B = mNGF+MeCbl).

TABLE 2 A comparison of the effective rates (%) of neurological improvement for the two groups of patients at 1 week, 4 weeks,
12 weeks, and 12 months after treatment (P < 0.05 was identified with significant difference)

Group

1 week after treatment 4 weeks after treatment 12 weeks after treatment 12 months after treatment

Effective
rate of
sensory

improvement

Effective rate
of muscular
strength

improvement

Effective
rate of
sensory

improvement

Effective rate
of muscular
strength

improvement

Effective
rate of
sensory

improvement

Effective rate
of muscular
strength

improvement

Effective
rate of
sensory

improvement

Effective rate
of muscular
strength

improvement

MeCbl
(n = 25)

24.00 (6) 12.00 (3) 44.00 (11) 32.00 (8) 52.00 (13) 44.00 (11) 68.00 (17) 48.00 (12)

mNGF
+MeCbl
(n= 21)

52.38 (11) 14.29 (3) 76.19 (16) 61.90 (13) 90.48 (19) 76.19 (16) 95.24 (20) 80.95 (17)

Pearson
chi-
square

3.946 0.053 4.878 4.114 7.980 4.878 5.381 5.319

P 0.047* 0.819 0.027* 0.043* 0.004* 0.027* 0.020* 0.021*

*P < 0.05.
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injury. The improvement rates of neurological function of
combined group were significantly higher than those
of patients treated with MP alone15. However, few clinical
reports have examined the use of mNGF for the treatment of
lumbar disc herniation with sciatica, particularly in cases that
involve motor dysfunction, such as foot drop. Given the good
clinical effect of mNGF in the treatment of spinal cord injury,
we investigated the effects of a combination of mNGF and
MeCbl on the treatment of patients suffering from lumbar disc
herniation with foot drop. Each patient was treated with
MeCbl to improve the nerve function routinely postoperatively
in our institute. From our point of view, the patient who suffer
from the nerve injury is treated without any neurotrophic
drugs, which may violate ethic. Therefore, in the retrospective
study there were no patients treated only with surgery.

Our study showed that the combination of mNGF and
MeCbl had good clinical efficacy, and no specific complica-
tions were observed among these patients. Our study sug-
gests that mNGF may safely be used to treat lumbar disc
herniation with foot drop. At each time point after surgery,
the VAS scores of Group MeCbl+mNGF were significantly
lower than the VAS scores of Group MeCbl, indicating that
treatment with a combination of mNGF and MeCbl was
more effective than treatment with MeCbl alone. Follow-up
of the recovery of neurological function produced the follow-
ing results. (i) At 1 week after surgical treatment, the effec-
tive rates of sensory improvement for Group MeCbl+mNGF
and Group MeCbl were 52.38% and 24%, respectively. Thus,
greater improvement was observed in Group MeCbl+mNGF
than in Group MeCbl, and the difference in the improve-
ment rates of these two groups was statistically significant.
The effective rates of muscular strength improvement for
Group MeCbl+mNGF and Group MeCbl were 14.29% and
12%, respectively. Although this rate was greater for Group
MeCbl+mNGF than for Group MeCbl, the difference in
rates between the two groups was not statistically significant.
These results indicate that even in the early stages of the
treatment process, the use of mNGF for the treatment of
lumbar disc herniation with foot drop markedly improved
patients’ sensory and motor function and their quality of life.
Earlier mNGF treatment was associated with more rapid
recovery. During early stages of mNGF treatment, the recov-
ery of sensory function was more pronounced than the
recovery of motor function. (ii) By the end of a four-week
treatment with a neurotrophic drug regimen, patients in both

groups with urinary retention had recovered normal urinary
function. There was no difference between two groups about
the urinary retention. At this time, the effective rates of sen-
sory improvement for Group MeCbl+mNGF and Group
MeCbl were 76.19% and 44%, respectively, and the effective
rates of muscular strength improvement for Group MeCbl
+mNGF and Group MeCbl were 61.9% and 32%, respec-
tively. Both of these rates of improvement were significantly
higher for Group MeCbl+mNGF than for Group MeCbl.
These results indicate that although MeCbl treatment pro-
duced good recovery of neurological function among patients
suffering from lumbar disc herniation with foot drop, the
treatment that combined mNGF and MeCbl exhibited supe-
rior efficacy. The effects of mNGF and MeCbl may combine
in a synergistic manner to facilitate the recovery of patients’
neurological function. (iii) At 12 weeks and 12 months after
surgery, greater effective rates of sensory improvement and
muscular strength improvement were observed for Group
MeCbl+mNGF than for Group MeCbl. These results dem-
onstrated that the examined neurotrophic drugs produced
persistent long-term effects that caused the increasingly
apparent recovery of neurological function over time.

The current study revealed that a treatment that com-
bined mNGF and MeCbl exhibited good clinical efficacy for
the treatment of lumbar disc herniation with foot drop.
Among patients suffering from lumbar disc herniation with
foot drop, this treatment promoted the recovery of neurolog-
ical function and improved quality of life; thus, this approach
demonstrates clinical applicability.

However, it is of great significance to note limitations
about the present study. First, due to the lack of randomiza-
tion and its retrospective nature, the study we analyzed was
only a process of hypothesis-generating, further prospective
cohort study and randomized controlled trials are needed to
make more convincing results. Additionally, we were unable
to set an agent-free group as the blank controlled group which
might violate the ethics, so our results are insufficient with
comparison. Besides, the data of electromyography and other
specific examination is missing in the period of follow-up.

Conclusions
Application of mNGF in combination with MeCbl had clinical
effects on promoting the recovery of neurological function in
patients suffering from LDH with foot drop. Yet, a prospective
randomized clinical trial is needed to confirm the conclusion.
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