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Abstract

Background Lumbar disc herniation (LDH) can cause lumbar nerve root compression, which can lead to denervated atrophy
of paraspinal muscles theoretically, however, the conclusions of morphological alteration in multifidus with LDH remain
controversial. Transforming growth factor-beta 1 (TGF-f1) plays an essential role in the development of tissue fibrosis and
is a molecular marker in the study of muscle fibrosis, but no relevant studies on TGF-p1 expression in multifidus have been
reported so far. This study is to observe altered morphology of multifidus in patients with LDH, and to explore the correla-
tion between multifidus fibrosis and TGF-f1 expression.

Materials and Methods 46 LDH patients with low back pain combined with unilateral leg radiation pain and/or numbness
were selected. Patients were divided into four groups according to their medical histories. Group 1: medical history less than
6 months (15 cases); group 2: a medical history of 6-12 months (10 cases); group 3: a medical history of 12-24 months (13
cases); and group 4: medical history > 24 months (8 cases). Bilateral multifidus specimens were taken from compressed nerve
root segments, and morphological changes in multifidus were determined. Multi-parameter changes in TGF-f1 expression
in multifidus were observed by immunohistochemistry and immunofluorescence.

Results HE staining showed that the cross-sectional area (CSA) of multifidus in the involved sides decreased and muscle
fibers atrophied. Masson’s trichrome staining showed a decrease in the sectional area ratio of myofibers to collagen fibers
in the involved side. In groups 1 and 2, there were no significant differences in the aforementioned parameters. In groups 3
and 4, statistically significant differences in the sectional area ratio of myofibers to collagen fibers in both sides were seen
(P <0.05). TGF-B1 expression was significantly enhanced in both muscle cells and the matrix of the involved side, while
no expression or a little expression was found in the matrix in the uninvolved side. In group 1, there was no statistically
significant difference in TGF-p1 expression in both sides. In the remaining three groups, TGF-f1 expression in the involved
sides was higher than were found in the uninvolved sides.

Conclusions Nerve root compression by LDH leads to multifidus atrophy, fibrosis, and increased TGF-f1 expression, which
might promote multifidus fibrosis.

Trials registration All Clinical Trials done in India should preferably be registered with the Clinical Trials Registry of India,
set up by the Indian Council of Medical Research (website: http://ctri.nic.in). Authors should provide the CTRI number
along with the manuscript.

Keywords Lumbar disc herniation - Multifidus - Transforming growth factor beta 1 - Fibrosis - Intervertebral disc
degeneration - Lumbar vertebrae - Paraspinal muscles - Morphological - Microscopic findings
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manifestations, trauma, degeneration, inflammation, and
immune pathways. Studies of the lumbar paraspinal muscles
were also rare until the end of the last century [1].

In recent years, an increasing number of scholars have
begun to pay greater attention to the paraspinal muscles.
They have studied paraspinal muscles in the context of their
morphology, electrophysiology, physical testing, muscle
biopsy and other aspects with the intent of exploring its
relationship to LDH; however, the conclusions remain con-
troversial [2-8].

Studies have shown that TGF-f1 plays an essential role in
the development of tissue fibrosis and is a molecular marker
in the study of muscle fibrosis [9]. Precisely how TGF-$1
is expressed in the paraspinal muscle of patients with LDH
and their relative significance remain unanswered questions
at this time. No relevant studies have been reported so far.

The multifidus is exclusively innervated by the medial
branch of the posterior lumbar nerve, and each muscle
bundle is innervated by a single branch, without commu-
nication branches [10]. Our study selected the multifidus
from patients presenting with LDH as a research focus. In
this study, multifidus morphological alterations and TGF-
B1 expression were observed, and the correlation between
multifidus fibrosis and TGF-p1 expression was also explored
and reported.

Materials and Methods
Clinical Data

Forty-six patients with LDH were included in this study. The
inclusion criteria were as follows: (1) low back pain accom-
panied by unilateral leg radiation pain and/or numbness. (2)
Image examination showed that the lesion was a single level
and unilateral lumbar radiculopathy, and the levels were
located from L1-L2 to L4-L5 of the intervertebral discs

Fig. 1 Typical case: male,
53-years of age, with a history
of complaining about low back
pain accompanied by radiative
pain and numbness in the left
lower extremity for 9 months.
MRI sagittal image showed
L4-L5 disc prolapse and dis-
sociation (a). Cross-sectional
imaging showed that the L4-L5
left posterior disc had herniated
and the left L5 nerve root was
compressed significantly
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(Fig. 1). (3) Patients that had presented with surgical indica-
tions of LDH and underwent surgical treatment. Exclusion
criteria included the following: image examination indicated
spinal deformity, infection, and tumor or severe osteoporo-
sis. The gender, age, length of medical history, and lesion
segments of each patient were recorded.

The patients were divided into four groups according to
their medical histories. Group 1: patients with a medical
history of less than 6 months, which included 8 males and
7 females, aged 21-60 years of age, with an average age of
39.67 +13.35 years. Group 2: patients with a medical his-
tory of 6-12 months, including 3 males and 7 females, aged
28-68 years, with an average age of 49.70+ 15.68 years.
Group 3: patients with a history of 12-24 months, includ-
ing 6 males and 7 females, aged 29-65 years, with an aver-
age age of 46.85+ 11.72 years. Group 4: patients with a
medical history greater than 24 months, including 3 males
and 5 females, aged 28-63 years, with an average age of
51.00 + 11.00 years. Lesion segments were found in the fol-
lowing: L1-L2 (1 case), L2-L3 (6 cases), L3-L4(12 cases),
and L4-L5 (27 cases).

Muscle Specimens

All patients gave informed and written consent in compli-
ance with the directives specified by the local ethics commit-
tee of the Affiliated Zhuzhou Hospital of Xiangya Medical
College of Central South University. A bundle of multifidus
with dimensions of approximately 0.5 cm X 0.5 cm X2 cm
was obtained from both sides of the involved segment
respectively, and frozen in liquid nitrogen for later use.
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Muscle Specimens Process and Research Methods

Muscle specimen assessment: routine hematoxylin and
eosin (HE) and Masson’s trichrome staining was used to
determine histological changes in muscle specimens. The
muscle specimens were fixed in 10% formalin for 24 h and
underwent routine dehydration and paraffin embedding.
Muscle specimens were sectioned at a 3-pm thickness and
stained by the HE and Masson’s trichrome methods using
standard approaches. Under higher power magnification,
10 discontinuous visual fields of muscle specimens for
each section were selected randomly by the LEICA image
acquisition system (Leica Microsystems, Bannockburn,
IL, USA). Ten muscle fibers were selected from each field
of view for the HE stained section, and the CSA of each
muscle fiber was calculated by Image J software version
1.8.0 (National Institutes of Health, Bethesda, MD, USA),
following which, the mean CSA was automatically calcu-
lated. The ratio of myofibers to collagen fibers of each field
of view from the Masson’s trichrome staining section was
calculated by Image J software, and then the mean ratio
was automatically calculated.

Immunohistochemistry and immunofluorescence stain-
ing was performed on paraffin-embedded sections as
reported previously and the muscle specimens were sec-
tioned at a thickness of 3-pm. The sections were blocked
at room temperature using saline containing 0.1% BSA
and 10% goat serum. Rabbit anti-TGF-$1 (Bioss, Beijing,
China) and horseradish peroxidase (HRP)-labeled goat
anti-rabbit IgG (H + L) (Zsbio, Beijing, China) were used
for immunohistochemistry. Rabbit anti-TGF-p1 (Bioss,
Beijing, China) and goat anti-rabbit IgG Cy3 conjugates
(Cwbio, Beijing, China) were used for immunofluores-
cence analysis. 10 discontinuous visual fields were also
randomly selected under the Olympus microscope and
fluorescence microscope (Olympus Co., Tokyo, Japan)
for each section respectively. The integrated optical den-
sity (IOD) of TGF-p1 expression in each visual field was
determined using the Image J software, and then the mean
10D was automatically calculated.

Statistical Analysis

Statistical analyses were performed with the SPSS version
17.0 statistical software package (SPSS Inc., Chicago, IL,
USA). Data were expressed as mean =+ S.D. During the
statistic analysis, the test of normality was conducted
first. If the data followed a normal Poisson distribution,
then a paired Student’s 7 test analysis was used. If not,
the Wilcoxon signed-rank test was adopted. The differ-
ence between the involved side and the uninvolved side
in the CSA of multifidus, and the sectional area ratio of

myofibers to collagen fibers, as well as the IOD of TGF-f1
expression, were observed, wherein a significance level
was set at an alpha value of P <0.05.

Results

All data were normally distributed and paired Student’s
t-tests were used.

Histological Observation of the Multifidus

HE staining showed that multifidus fibers of the uninvolved
side presented as normal, and was characterized by a neat
arrangement, clear horizontal lines, and an obvious nucleus
without cell swelling. An abundant capillary network and a
small number of fibroblasts could be seen between muscle
cells. While the CSA of multifidus fibers in the involved side
became smaller, the intermuscular space became larger. The
number of inter-fascicular fibroblasts and connective tissues
also increased. Masson’s trichrome staining showed that
the muscle fibers were stained red and collagen fibers were
stained dark blue. The muscle fibers in the uninvolved side
were neatly arranged, without obvious atrophy of the muscle
cells, and there was a small amount of collagen connective
tissue seen between the muscle cells. Also, in the involved
side, muscle fibers shrank in the CSA due to atrophy, and
the distance between the muscle fibers widened due to the
proliferation of collagen connective tissue. The amount of
collagen connective tissue was found to have increased sig-
nificantly (Fig. 2).

In groups 1 and 2, there were no significant differences in
the CSA of bilateral multifidus and there was no significant
difference found in the context of the sectional area ratio of
myofibers to collagen fibers (P> 0.05). In groups 3 and 4,
paired Student’s t-tests revealed significant differences in
the CSA of bilateral multifidus and the sectional area ratio
of myofibers to collagen fibers (P <0.05). With an extended
medical history, the CSA of the multifidus and the sectional
area ratio of myofibers to collagen fibers were found to have
decreased gradually (Tables 1 and 2).

TGF-B1 Detection

The positive results of a TGF-f1 immunohistochemical reac-
tion were identified as stained brown granules or patches. No
obvious brown or very low levels of brown staining particles
were observed, in other words, no obvious positive TGF-
B1 reaction was observed in the uninvolved side. With an
extended medical history, brown staining material appeared
in the multifidus of the involved side and took the form of a
scattered granular distribution to a uniform patchy distribu-
tion, which suggested a positive TGF-p1 reaction (Fig. 3).
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Fig.2 HE staining of the multifidus: uninvolved side (a), group 1 (b), group 2 (c), group 3 (d), and group 4 (e). Masson’s trichrome staining:
uninvolved side (f), group 1 (g), group 2 (h), group 3 (i), and group 4 (j)

Table 1 The CSA of multifidus
by HE staining (yum? X + s)
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Group 1 Group 2 Group 3 Group 4
Involved side 2972.70+1548.08  2514.90+1319.77  2547.08 +1462.32 1915.88 +£992.00
Uninvolved side ~ 3023.13 +1534.71 2633.80+1319.77  2809.15+1497.43 2426.75+823.32
t value 1.750 1.829 4.811 3.250
P value 0.102 0.101 0.000* 0.014*

CSA: cross-sectional area

*P<0.05
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Table2 The sectional area ratio of myofibers to collagen fibers by
Masson’s trichrome staining (X + s)

Group 1 Group 2 Group 3 Group 4

Involved side 5.18+2.57 3.00+1.86 2.02+1.26 1.17+0.86
Uninvolved side 5.71+2.98 3.45+1.79 4.85+2.34 4.07+2.40

t value 1.770 1.917 4.616 4.130
P value 0.099 0.087 0.001* 0.004*
*P<0.05

The result of immunofluorescence was similar to that of
immunohistochemistry assays, and the positive result was
that of a red fluorescence pattern. A small amount of TGF-
B1 was expressed in the multifidus of the uninvolved side,
which was mainly located on the muscle cell membrane.
While increased expression of TGF-f1 could be seen on the
cell membrane and in the matrix of the involved side, we
found that TGF-B1 was also strongly expressed in muscle
cells in the group of patients with a medical history of more
than 12 months (Fig. 4).

Fig. 3 Immunohistochemical results of the multifidus: uninvolved side (a), group 1 (b), group 2 (¢), group 3 (d), and group 4 (e). The expression

of TGF-P1 was stained brown and the nuclei were stained blue
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Fig.4 Results of immunofluorescence staining of the multifidus: uninvolved side (a), group 1 (b), group 2 (c), group 3 (d), and group 4 (e).
Expression of TGF-P1 was detected as a red staining pattern, and the nuclei were detected as blue staining by immunofluorescence

There was no significant difference in the expression of
TGF-B1 in group 1 (P> 0.05). In the other three groups
with a history of more than 6 months, paired Student’s
t-tests revealed that TGF-p1 was more significantly
expressed in the involved side than it was on the non-
involved side, with statistically significant differences
found (P < 0.05) (Tables 3 and 4).

Discussion

Long-term denervation causes stage demyelination, and
axonal degeneration of the peripheral nerves, which results
in denervation of skeletal muscle and a gradual decrease
in the number of muscle nuclei [11]. With the extension
of the denervation time, the muscle fibers atrophy, and the
muscle cells, which are unable to maintain basic functions,

Table 3 The IOD of

TGF-p1 expression by Group 1 Group 2 Group 3 Group 4
immunohistochemistry (X + 5) Involved side 44140427171  1479.38+985.76  2988.92+1863.76  3291.50+ 1333.62
Uninvolved side ~ 320.33+164.11  1161.69+624.49  1625.54+1392.72  1652.25+898.74
t value 2.072 2.248 6.259 4.161
P value 0.057 0.044* 0.000* 0.004*

IOD: integrated optical density
*P<0.05
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Table4 The IOI_) of Group 1 Group 2 Group 3 Group 4
TGF-B1 expression by
immunofluorescence (X + 5) Involved side 1648.73+£997.23  1685.70+1244.64  4552.31+2648.13  20,090.00 + 16,186.66
Uninvolved side  1423.87+785.75  1205.00+953.44 2664.08+1831.33  3703.38 +1614.62
t value 1.880 2.570 3.691 2.991
P value 0.081 0.030* 0.003* 0.020*

IOD: integrated optical density
*P<0.05

eventually differentiate to fibroblasts. In addition, the pro-
liferation of fibroblasts leads to the proliferation of connec-
tive tissue in the denervated muscles. Capillaries and other
small blood vessels found in the muscles are surrounded
by layers of dense collagen that separate them from their
neighboring muscle fibers. It potentially affects material
exchanges between the vascular bed and the muscle fiber,
and also affects the insertion and extension of axons. Fibro-
sis is inevitable in the skeletal muscles.

There are many studies on the changes seen in paraspinal
muscle in patients with LDH. Histological studies suggested
that denervation of the multifidus may result in atrophy and
structural changes of muscle fibers after nerve root com-
pression [3]. However, any conclusions drawn from image
changes after LDH remain quite controversial. Yaltirik et al.
[4] believed that long-term compression of nerve roots could
lead to atrophy and degeneration of multifidus and erector
spinae in LDH. Ploumis et al. [5] found that muscle atrophy
of the multifidus, erector spinae, quadratus lumborum and
psoas major occurred in the involved side of the correspond-
ing segments. By contrast, according to Kader [6], muscle
atrophy is not associated with compression of nerve roots.
Kang et al. [7] found that there was no significant differ-
ence in multifidus CSA when comparing the uninvolved and
involved sides in LDH. Therefore, it remains impossible to
draw any conclusions that nerve compression causes atrophy
of multifidus or other paraspinal muscles [8].

Located in the dorsal lamina spinous groove in the lum-
bosacral segment, the multifidus mainly participates in the
stretch movement of the spine and maintains the presence of
lordosis of the lumbar spine, which is an important factor in
terms of dynamic stability of the spine. The superficial layer
of the multifidus originates from the medial side of the pos-
terior sacro-iliac ligaments and the posterior superior iliac
spine and ends at the L.1-5 spinous process. It is uniquely
innervated by the medial branch from the posterior branch
of the lumbar nerve, and each muscle bundle is innervated
by a single branch, without communicating branches [12,
13]. Thus, multifidus specimens above the level of L5 from
patients with LDH were selected as the subjects of interest
to our study.

The CSA of muscle fibers and the sectional area ratio of
myofibers to collagen fibers are quite ideal indicators that

reflect the morphology of muscle atrophy. In this study,
it was found that multifidus fibers in the involved side of
patients with LDH had atrophied, and the CSA of the fibers
became smaller. There was a large amount of collagen pro-
liferation between muscle fibers, which did not display any
contractility. With an extended medical history, we found
that the CSA of muscle cells and the sectional area ratio of
myofibers to collagen fibers was significantly different from
that of the uninvolved side, which supported the view of
ipsilateral multifidus atrophy and fibrosis caused by nerve
root compression by the herniated disc.

TGF-p is a polypeptide signaling molecule with a super-
family of more than 50 members that regulate a variety of
cellular functions, including developmental and homeostatic
processes [14]. TGF-B1 represents one of the most well-
known members of the TGF-f super-family and was discov-
ered more than 30 years ago. Since then it has been shown
to play a role in a variety of cellular functions [15] with a
gene location aligned to chromosome 19q13, which contains
7 exons and 6 introns, with 9 common gene polymorphism
sites. This gene polymorphism affects the transcription and
expression of TGF-B1. Mature TGF-B1 is comprised of 112
amino acids, and two polypeptide chains with a molecular
weight of 12.5 kD that is connected by disulfide bonds [16].

TGF-P1 is synthesized and secreted by various cells that
are derived from the bone marrow matrix, which includes T
cells, macrophages, eosinophils, and neutrophils. Primary
TGF-p1 is inactive, and various stimuli lead to changes in
the microenvironment of tissues that activate primary TGF-
p1 to generate various biological activities [14]. TGF-f1 is
a core molecule regulating skeletal muscle fibrosis, which
can promote the transverse differentiation of satellite cells
into myofibroblasts and fibroblasts, and promotes the exces-
sive synthesis of collagen in the extracellular matrix, which
inhibits muscle healing [17].

In vivo experimental studies have shown that increased
TGF-f1 activation leads to apoptosis of precursor cells of
skeletal muscle cells, endomysium fibrosis, muscle atrophy,
and myoblast differentiation into fibroblasts [18]. During the
process of fibrosis, TGF-B1 expression in skeletal muscles
was significantly up-regulated and was highly expressed
for an extended period of time, and the deposition of type
I collagen fibers were associated with TGF-f1 expression
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[19]. After stimulating denervated myogenic stem cells
with TGF-B1 in vitro, cellular mRNA expression of type
I and type III collagen was significantly enhanced, and the
synthesis levels of type I and type III collagen were also
significantly increased. It indicated that TGF-f1 can activate
myogenic stem cells, change their biological activity, pro-
mote their massive synthesis and secretion of collagen fibers,
strengthen extracellular matrix deposition and remodeling,
and promote denervated skeletal muscle fibrosis [20].

Precisely how TGF-f1 is expressed in the paraspinal
muscle of patients with LDH, and understanding its precise
significance is currently unknown. No relevant studies have
been reported so far. It is necessary to study altered TGF-p1
expression patterns in the multifidus of patients with LDH.

In this study, the expression levels of TGF-f1 in the
involved side of the multifidus was significantly higher than
that found in the uninvolved side, and the expression site
extended from the muscle membrane and matrix to the mus-
cle cells, which suggested that over-expression of TGF-f1
was closely related to multifidus fibrosis. The expression of
TGF-B1 was found to be altered earlier as compared to any
histological changes, which suggested that increased expres-
sion of TGF-P1 might promote the process of multifidus
fibrosis.

TGF-f1 plays a significant role in denervated skeletal
muscle fibrosis and is an important breakthrough point to
explore the prevention and treatment of denervated muscular
atrophy. When fibrosis occurs in the liver, kidney, lung and
indeed other tissues, intervention in the production or bio-
logical effects of TGF-f1 with therapeutic drugs, cytokines,
receptor antagonists, neutralizing antibodies, small interfer-
ing RNA interference technology, and other means can all
serve to reduce the extent of fibrosis in the tissues [21].

The increased knowledge with regard to the participa-
tion of TGF-fB1 in several muscular pathologies has attracted
great interest in the evaluation of therapeutic alternatives
to neutralize or diminish the deleterious effects of biologi-
cally active TGF-f1. Potential strategies to inhibit the effects
of TGF-B1 include blocking TGF-$1 antibodies [22], and
the different components of RAS [23] as well as several
inhibitors of TGF-f1 receptors or the associated signaling
pathways [24, 25]. However, the main challenge that is rec-
ognized with these treatments is their lack of specificity,
which can lead to concerning side-effects. The major chal-
lenge in clinical therapy is to understand how to improve
muscle regeneration, reduce muscle fibrosis and atrophy, and
to do so without altering the normal functioning of TGF-
B1 in other tissues, such as regulating cellular proliferation,
hematopoietic pathways, migration, and inflammation.

There are also some shortcomings identified in this study
that require a brief discussion. (1) Changes in other growth
factors and their correlations with the process of multifidus
fibrosis caused by LDH remain unknown. (2) The conclusion
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might be more convincing if a TGF-p1 blocking group had
been introduced, and we recognize this as a potential weak-
ness of the study. (3) Finally, we understand that this work
described a single-center study, with limited specimens col-
lected and the risk of possible bias in the selection of cases,
most of which were obtained from the local area. In addition,
height, weight, occupation, nutritional status, and other fac-
tors related to the recruited and studied subjects were not
considered, which might have a certain impact on the reli-
ability of the conclusions. Consequently, we need to expand
the sample size. Further studies are required that address the
mechanism of multifidus fibrosis and to promote tissue dam-
age healing, and improved prognosis in LDH.
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