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Abstract

Objective To assess and compare the pathological and radiological outcomes of multifidus degeneration in scoliosis
and lumbar disc herniation patients.

Methods We performed a retrospective review on 24 patients with scoliosis and 26 patients with lumbar disc
herniation (LDH) in the Third Hospital of Hebei Medical University from January 2017 to March2021. The patients

were divided into scoliosis group and LDH group according to the treatment. The MRI fatty infiltration rate (FIR) of
multifidus and strength of back muscle were calculated to evaluate muscle condition. Multifidus biopsy samples were
obtained during surgery in the affected side at L4 or L5 segment in LDH group and on the concavity side of apical
vertebrae in scoliosis group. The biopsy fatty infiltration degree (FID) and FIR in two groups, the FIR of affected and
unaffected side in LDH group, and the FIR of concavity and convexity side in scoliosis group were compared. The
correlation between concavity-convexity FIR difference and cobb angle in scoliosis group, back muscle strength and
FIR in LDH group, FID and FIR in both groups was calculated respectively.

Results The FIR was higher in scoliosis group than in LDH group, higher in concavity side than convexity side in
scoliosis group (both P<0.05). The FID was higher in scoliosis group than in LDH group (P < 0.05). No significant
difference was found between affected and unaffected side in LDH group (P> 0.05). There was a positive correlation
between concavity-convexity FIR difference and cobb angle, FIR and FID (both P<0.01). There was a negative
correlation between back muscle strength and FIR (P<0.01). The biopsy staining results showed that both two groups
were found the existence of rimmed vacuoles, nuclear aggregation, and abnormal enzyme activity, indicating that the
scoliosis and LDH may be associated with myogenic diseases.

Conclusion The scoliosis patients showed more serious fatty infiltration than LDH patients and rare pathological
findings were found in both diseases.
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Fig. 1 Two cases of scoliosis. Patient 1: A1-E1. Patient 2: A2-E2.

(A1) The X-ray radiograph shows the degree of scoliosis. (B1) The T2-weighted axial MRI at L2 shows the multifidus morphology. (C1) The hematoxylin-
eosin staining shows the rimmed vacuole. (D1) The NADH dehydrogenase staining shows the NADH dehydrogenase activity decreased. (E1) The Cy-
tochrome C oxidase enzymes staining shows the Cytochrome C oxidase enzymes activity decreased. (A2) The X-ray radiograph shows the degree of
scoliosis. (B2) The T2-weighted axial MRI at L1 shows the multifidus morphology. (C2) The Succinate dehydrogenase staining shows severe activity disor-
der of succinate dehydrogenase. (D2) The NADH dehydrogenase staining shows severe activity disorder of NADH dehydrogenase. (E2) The Cytochrome
C oxidase enzymes staining shows severe activity disorder of Cytochrome C oxidase enzymes

Introduction

Scoliosis and lumbar disc herniation (LDH) are common
spinal degenerative diseases. In clinical work, severe sco-
liosis or LDH often requires surgical treatment to correct
the spinal curvature or remove the diseased interver-
tebral disc. The main hypothesis of scoliosis includes
asymmetric bone growth dysregulation, genetic disease,
genetic factors and connective tissue anomalies [1, 2].
According to previous studies, lumbar disc degeneration
is usually accompanied by high fat infiltration of paraver-
tebral muscles and muscle disease can also lead to scolio-
sis [3, 4]. In general, the etiology of scoliosis and LDH is
still controversial.

The muscular atrophy and hypertrophy [5], mitochon-
drial abnormality [6], fatty involution, and presence of
hyaline fibers were found in the paravertebral muscle of
the scoliosis [7]. Hsu’s study showed that type 2 A fibers
predominated over type 2B in scoliosis patients, which is
contrary to the normal paravertebral muscle [8]. Increase
of lipid droplets and glycogen particles, dilated sarcoplas-
mic reticulum [9], and decreased oxidative enzymatic
activity [10] indicate that scoliosis is probably associ-
ated with muscle lesions. In addition, similar manifesta-
tions were also observed in the paravertebral muscles of
patients with lumbar disc herniation [11, 12].

Scoliosis patients are often accompanied by paraverte-
bral muscle fat infiltration and muscle strength decline.
We are concerned that patients with fat infiltration may
not be able to maintain spinal curvature after surgery
due to paravertebral muscle weakness. The weakness of

muscle strength may accelerate the degeneration of the
spine, which may induce the occurrence of LDH. Mul-
tifidus is the main source of lumbar stability [13]. Muscle
lesion is one of the hypotheses of scoliosis, which is also
a risk factor of LDH. Therefore, we compared the para-
vertebral muscle of the two diseases, trying to find out
the consistency and difference and whether early muscle
treatment can avoid the further development of spinal
degeneration, such as gene sequencing and early diagno-
sis of rare muscle diseases.

Materials and methods

All procedures performed in studies involving human
patients were in accordance with the 1964 Helsinki dec-
laration. The latter waived written informed consent
because of the retrospective nature of our study.

Patient population
24 patients with scoliosis and 26 patients with lumbar
disc herniation (LDH) in the Third Hospital of Hebei
Medical University from January 2017 to March 2021
were included (Figs. 1 and 2). All patients were treated by
the same surgeon.

Power analysis was based on data of previous stud-
ies on the infiltration rate of LDH and scoliosis [14, 15]
and showed that at least 23 patients were needed in
each group to reach a high statistical power (>0.8). After
applying inclusion and exclusion criteria we enrolled 50
patients in our analysis.
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Fig. 2 Two cases of lumbar disc herniation. Patient 1: A1-E1. Patient 2: A2-E2.

(A1) The T2-weighted axial at L5 MRI shows the multifidus morphology. (B1) The hematoxylin-eosin staining shows the rimmed vacuole. (C1) The NADH
dehydrogenase staining shows the NADH dehydrogenase activity decreased and rimmed vacuole. (D1) The Succinate dehydrogenase staining shows
shows the Succinate dehydrogenase staining activity decreased. (E1) The Cytochrome C oxidase enzymes staining shows the Cytochrome C oxidase
enzymes activity decreased. (A2) The T2-weighted axial MRI at L4 shows the multifidus morphology. (B2) The hematoxylin-eosin staining shows severe
fatty infiltration. (C2, D2, E2) The hematoxylin-eosin staining, NADH dehydrogenase staining, Cytochrome C oxidase enzymes staining shows myofibrillar

network disorder

Inclusion criteria for this study included (1) patients
diagnosed with LDH or thoracolumbar scoliosis with
ineffective conservative treatment for more than 3
months; (2) responsible segments were confirmed by CT
and MRI; (3) Patients with pathological biopsy during
operation. Exclusion criteria included (1) fracture, tumor,
tuberculosis, spinal cord injury, (2) severe lung, heart dis-
ease or other surgical contraindications, (3) spinal opera-
tion history.

Radiographic and strength analysis

All patients underwent MRI and X-ray examinations
before surgery. The MRI images were obtained in the
same 1.5T device (Avanto, Siemens, Germany) by a fast
spin echo pulse sequence and the display field of view
was 350x350 mm. Slice thickness was 4 mm. The MRI
radiologists were blind to this study.

Subcutaneous fat tissue thickness (SFTT, L1-L2)

The subcutaneous fat tissue thickness (SFTT, L1-L2) was
measured as the vertical distance from the tip of spinous
process to the skin on axial T2-weighted lumbar spine
MRI. Compared with BMI, SFTT has a better correla-
tion with the overall health status of patients. In addition,
SETT at upper lumbar levels (specifically L1-L2) was
more valuable in predicting lumbar degeneration [16].

Fatty infiltration rate (FIR)
The fatty area (FA) and the cross section area (CSA) of
multifidus in axial MRI were analyzed with Image-pro

Plus software (version 6.0, Media Cybernetics, Inc.,
USA). The region of interest was drawn by outlined the
muscle fascia. The FIR was calculated as follows: FA/
CSA. The FIR of affected/unaffected side in LDH group
and convex/concave side in scoliosis group were calcu-
lated respectively.

Cobb angle

The Cobb angle was calculated as follows: choose the
most tilted vertebrae above and below the apex of the
curve and the angle between intersecting lines drawn
perpendicular to the top of the top vertebrae and the bot-
tom of the bottom vertebrae is the Cobb angle.

Lumbar dorsal strength

The method for measuring the strength of the lumbodor-
sal muscles was as follows. The patient was in the prone
position, with the lower limbs straight and the arms on
both sides of the trunk, and the abdomen was padded
with a pillow to lift the chest as much as possible and
maintain the maximum flexion of the cervical spine, so
as to reduce the lumbar lordosis angle and the load on
the lumbar spine. The length of time the patient held the
posture was recorded.

Histological analysis

Multifidus biopsy

Muscle biopsy specimens (0.5 cm diameter, 1.0 cm
length) were collected from the multifidus in the affected
side at L4 or L5 segment in LDH group and on the convex



Wang et al. BMC Musculoskeletal Disorders (2022) 23:891

Table 1 Patient demographic and radiographic data

Variable Scoliosis LDH P-value
(n=24) (n=26)

Age, years 5227+3.96 51.54+3.06 04651
Sex (male, female) 9,15 11,15 0.779°
Body mass index 21.01+062 21.34+095 0.120%
(kg/m?)

SFTT (mm) 1343+7.04 1542+7.14 0.329"
Total Fatty area 180847+96.17  1497.39+101.14 <0.001"
(pixels)

Total CSA (pixels) 7995.05+229.11  997649+23597 <0.001*
Total FIR (%) 22674137 15.00+1.09 <0.001%

Data were presented as mean=SD or as shown

LDH, lumbar disc herniation; CSA, cross-sectional area; FA, fatty area; FIR, fatty
infiltration rate; SFTT, subcutaneous fat tissue thickness

* Student t test; ¥, Wilcoxon nonparametric test; §, Pearson Chi-square test

side of apical vertebrae in scoliosis group during surgery.
The muscle biopsy specimens were frozen in isopentane
cooled in liquid nitrogen, and 7 pm cryostat sections
were made using an EM UC ultrathin section machine
(Leica Microsystems, Mannheim, Germany), and were
used for the subsequent histochemistry and immunoflu-
orescence staining experiments. Morphological analysis
of the muscle was performed using the following rou-
tine histological stains: Hematoxylin and eosin, modi-
fied Gomori trichrome, NADH-tetrazoliumreductase,
succinate dehydrogenase, adenosine monophosphate
deaminase and cytochrome c oxidase to assess enzymatic
activity, adenosine triphosphatase at pH 9.8, 4.3 and 4.6
to assess muscle fiber distribution, acid phosphatase, and
oil red O staining to assess fatty deposition (all Shanghai
Bioleaf Biotech Co., Ltd., Shanghai, China). After stain-
ing the muscle specimens were visualized, and the images
were captured, using a BX51 confocal scanning laser
microscope (Olympus Corporation, Tokyo, Japan [17].

Fatty infiltration degree (FID)

Analysis was made by two experienced pathologists,
blind to the MRI results and this study. We chose FID
as one of the evaluation indicators of fat infiltration and
set the grade [15]. The FID was evaluated as follows: O is
defined as “none, normal muscle’; 1 as “scarce fatty infil-
tration, with up to 25% of the muscle fibers involved’, 2 as
“mild changes, with light infiltration, with 26-50% of the

Table 2 Radiographic evaluation of fatty infiltration
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muscle fibers showing fatty infiltration’, 3 as “moderate
alterations, with 51-75% of tissue infiltrated with fat”, and
4 as “severe changes, with more than 76% of infiltration’”.
The discordance in the analysis was solved in a consensus
conference.

Statistical methods

The Student’s t test, Wilcoxon nonparametric test, Paired
t test, Pearson Chi Square and Fisher’s exact test were
used when appropriate to test the significance of the dif-
ferences within and between the groups. The Pearson
correlation coefficient, Spearman’s rank correlation coef-
ficient were used to test the correlation between the two
factors. We analyzed the date with the SPSS (SPSS Statis-
tics 25.0, IBM Inc., Chicago, IL, USA). Statistical signifi-
cance was set at P<0.05. All the results are given as mean
valueststandard deviation.

Results

Baseline and clinical outcomes

The baseline characteristics of the patient population
were summarized in Table 1. A total of 44 patients (20
men) were involved for analysis, in which 24 scoliosis
patients and 26 LDH patients were included. The aver-
age age at baseline was 52 (scoliosis group) and 51(LDH
group). There were no significant differences in sex, age
and body mass index (P>0.05).

Radiographic outcomes

The radiographic outcomes of the patients are shown in
Table 2. The FIR was higher in scoliosis group than in
LDH group, higher in concavity side than convexity side
in scoliosis group (both P<0.05). No significant differ-
ence was found between affected and unaffected side in
LDH group (P>0.05). There was a positive correlation
between concavity-convexity FIR difference and cobb
angle, FIR and FID (both P<0.01). There was a nega-
tive correlation between back muscle strength and FIR
(P<0.01).

Histological outcomes

The histological outcomes of the patients are shown in
Tables 3 and 4. The FID was higher in scoliosis group
than in LDH group (P<0.05). The biopsy staining results

Scoliosis LDH
Scores Concavity Convexity P-value Affected side Unaffected side P-value
Fatty area (pixels) 1006.84 +93.38 807.11£42.51 <0.0011 71452+106.46 703.31£116.97 0.683"
CSA (pixels) 4008.72+£210.25 4034.11+£214.83 0.109" 4996.10+£178.93 5015.88+191.29 0.158"
FIR (%) 25.07+1.11 20.01+£041 <0.0011 1425+1.63 14.02+2.24 0.668"

Data were presented as mean£SD.

LDH, lumbar disc herniation; CSA, cross-sectional area; FA, fatty area; FIR, fatty infiltration rate;

9, Paired t test
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Table 3 Histological evaluation of fatty infiltration

Scoliosis LDH
Scores (n=24) (n=26)
None (0) 0 0
Scarce (1) 5 8
Mild (2) 7 11
Moderate (3) 5 6
Severe (4) 7 1
P-value <0.001%
LDH, lumbar disc herniation
*, Wilcoxon nonparametric test
Table 4 Pathological features
Variable (n, %) Scoliosis LDH P-value

(n=24) (n=26)

Rimmed vacuoles 5(20.8%) 7(26.9%) 0.614%
Type | fiber predominance 0 2(7.7%) 0491°
Nuclear aggregation 2(83%) 0 0469°
Abnormal enzyme activity
Adenosine monophosphate 0 138%) 1°
Adenosine triphosphate cyclase 2(83%) O 0.225°
Acid phosphatase 0 138%) 1°
NADH dehydrogenase 1(42%) 277%) 1°
Cytochrome C oxidase staining enzymes 1 (4.2%) 1 (3.8%) 1%
Succinate dehydrogenase 0 138%) 1°
Data were presented as number (percentage)
§, Pearson Chi-square test; *, Fisher’s exact test
Table 5 The correlation analysis.
Group r P-value
Scoliosis FIR 2267+£137% 1,
Scoliosis FID 258+1.13 0929 <001
LDH FIR 1500+£1.09% 1,
LDHFID 2.00+0.84 0915 <001
Cobb angle 43.09+1285 r
Concavity-convexity FIR difference  5.05+1.24% 0721 <001
LDH strength 54454870 r
LDH FIR 15.00£1.09% -0.887 <0.01

Data were presented as mean=SD.

r: Spearman’s rank correlation coefficient; r: Pearson correlation coefficient.

showed that both two groups were found the existence

of rimmed vacuoles and abnormal enzyme activity,
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indicating that the scoliosis and LDH may be associated
with myogenic diseases, though no significant difference
were found between the two groups.

Correlation analysis

The correlation analysis outcomes of the patients are
shown in Table 5; Fig. 3. Cobb angle showed positive cor-
relation (Pearson’s r=0.929, p<0.01) with the concavity-
convexity FIR difference. LDH strength showed positive
correlation (Pearson’s r = -0.887, p<0.01) with the LDH
FIR. There was a significant correlation between scoliosis
FIR and scoliosis FID (Spearman’s rank correlation coef-
ficient 0.929, p<0.01). There was a significant correlation
between LDH FIR and LDH FID (Spearman’s rank cor-
relation coefficient 0.915, p<0.01).

Discussion

Rimmed vacuoles and chronic myopathy changes

In 1973, Dubowitz and Brooke first named “rimmed
vacuoles” as the pathological feature observed in mus-
cular dystrophy patient, which refers to the pathological
phenomenon that small vacuoles or cracks in the cyto-
plasm of muscle fibers observed through the modified
Gomori trichrome staining, with red stained particles in
the inner edge. Generally speaking, rimmed vacuoles are
usually found in myogenic diseases, such as distal myopa-
thy, sporadic inclusion body myositis and myofibrillar
myopathy, which are closely related to congenital gene
mutation [18—21]. In this study, we found that a high pro-
portion of rimmed vacuoles appeared in LDH and sco-
liosis patients and no significant difference was found
between the two groups. According to the past litera-
ture, the rimmed vacuoles were mostly associated with
congenital myogenic diseases, but there were no reports
on the high proportion of rimmed vacuoles in LDH and
degenerative scoliosis. The rimmed vacuoles are com-
posed of autophagic vacuoles and myeloid bodies [22],
indicating that autophagy occurs in muscle fibers, which
is the main cellular pathway for degradation of expired
proteins and organelles in eukaryotic cells and the forma-
tion of autophagic vacuoles in myopathy is considered
to be a secondary reaction due to abnormal lysosomal
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Fig. 3 (A) Correlation between the FIR and FID in the scoliosis group. (B) Correlation between the FIR and FID in the LDH group. (C) Correlation between
the cobb angle and concavity-convexity FIR difference in the scoliosis group. (D) Correlation between the lumbar dorsal muscle strength and FIR in the
LDH group. FIR, fatty infiltration rate; FID, fatty infiltration degree; LDH, lumbar disc herniation
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function [23, 24]. There are several conjectures about the
formation of rimmed vacuoles, such as oxidative stress
response, excess of substrate in normal lysosomes and
secondary response to endoplasmic reticulum stress [25].
We speculate that the rimmed vacuoles may be related to
myogenic diseases without obvious symptoms or asep-
tic inflammation leads to oxidative stress in muscles,
which leads to the appearance of rimmed vacuoles. The
relationship between rimmed vacuoles, LDH and degen-
erative scoliosis can be further explored, so as to find an
early treatment of myogenic changes or oxidative stress
which can avoid subsequent degeneration of spinal bone
structure and intervertebral disc.

In addition, we also observed the occurrence of type I
fiber predominance, nuclear aggregation and abnormal
enzyme activity in patients, which suggested that there
were chronic myogenic diseases in the patients at the
same time. Succinate dehydrogenase staining is the most
sensitive method to reflect the abnormal accumulation
of mitochondria in muscle cells and vascular wall. There
was a positive correlation between succinate dehydroge-
nase activity and muscle oxygen delivery ability, oxygen
transport from interstitial space to the core of the muscle
fibers, and oxidative capacity [26]. Cytochrome c oxidase
is the terminal complex of 13 subunits of mitochondrial
electron transport chain, the staining of which is an
important method to check the abnormality of mito-
chondrial electron transport chain, reflect whether the
metabolism in muscle cells is normal, and can distinguish
the types of muscle fibers at the same time [27]. NADH is
a coenzyme that provides redox ability for mitochondria
to produce ATP, and NADH staining can clearly observe
the distribution of type I and type II muscle fibers and
judge the pathological phenomena such as muscle cell
metabolism and myofibril arrangement [28]. In our
experiment, there was no significant difference in biopsy
enzyme activity between the two groups. However, the
results showed different degrees of enzyme activity dis-
order and pathological phenomena, suggesting that the
chronic myopathy may exist in patient.

Biopsy and MRI in the diagnose in the fatty infiltration

Multifidus can prevent vertebral rotation dislocation,
maintain lumbar lordosis, increase lumbar segmental
tension, and reduce the movement between lumbar seg-
ments [29]. However, fat infiltration of multifidus muscle
is common in spinal degenerative diseases [30, 31]. Usu-
ally, the fat infiltration rate of multifidus is measured by
MR, but pathological biopsy of multifidus is more intui-
tive and accurate in the observation. It is very important
to detect the degree of fat infiltration of multifidus. The
targeted strength training and daily life behavior cor-
rection of patients can be carried out according to the
test results, which is of great significance to enhance the
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strength of multifidus muscle and delay spinal degen-
eration. As a common non-invasive examination, the
accuracy of MRI in judging fat infiltration is of great
significance to clinical work. In this study, the results
of biopsy and MRI were compared and the results are
consistent, insistent with the Wajchenberg’s study [32],
which proved that MRI is accurate in the diagnosis of fat
infiltration. To make the influence of human factors on
the calculation results further excluded, Li developed an
measurement system for automatic segmentation of mul-
tifidus and erector spinae in MRI images based on deep
neural network [33] and Bahar used custom written Mat-
lab software and two-term Gaussian model to calculated
fat signal fraction [34], which furtherly avoid human fac-
tors on the calculation of fat infiltration rate.

Fat infiltration and lumbar dorsal mulscle strength

Studies have shown that paravertebral muscle atrophy, fat
content increased, paraspinal muscle weakness may lead
to decreased spinal stability, which is closely related to a
variety of lumbar diseases [35, 36]. The muscle strength
furtherly decreased after operation due to muscle damage
during operation and use of internal fixation instruments
[37]. The integrity and vitality of paravertebral muscles
play an important role in maintaining the quality of adja-
cent vertebrae. After bilateral erector spinae muscles
were removed, the local vertebral bone mass decreased
significantly, suggesting that paravertebral muscle injury
may cause vertebral osteoporosis [38]. In patients with
osteoporosis, pedicle screw loosening is one of the main
complications, and the severe cases may lead to failure of
operation [39]. Therefore, preoperative observation of the
degree of paravertebral muscle fat infiltration is of great
significance for the prediction of postoperative recovery.
Preoperative cross sectional area of multifidus is a reli-
able predictor of postoperative clinical outcomes. Muscle
atrophy is associated with poor prognosis [40]. In this
study, there was a negative correlation between fat infil-
tration and strength. For patients with symptomatic lum-
bar disease, it may be difficult to measure the strength of
paravertebral muscles reliably, for the back pain and dis-
comfort may influnce the accuracy of assessment. At the
same time, the upper body mass and willpower will also
affect the test results. However, the methods for assessing
strength had been proved high reliability, reproducibility,
and safety [41] and has been widely used in clinical evalu-
ation of low back muscle strength [42].

Convex and the concave sides

In our study, fat infiltration on the concave surface was
more severe. There was a positive correlation between
the cobb angle and difference of fatty infiltration rate,
which indicated that the higher the cobb angle, the
greater the difference between the two sides of the fatty
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infiltration rate. In scoliosis patients, because of the
deformity of spinal curvature, the asymmetry of bilateral
paravertebral muscles is common, which also increases
with the progress of Cobb angle [43]. Paravertebral mus-
cle imbalance is one of the most important factors in the
occurrence and development of scoliosis [44] and muscle
atrophy is associated with increased fat infiltration [45].
In Khosla’s study, significant morphological changes were
found at the juncture of tendon sheath and discontinuous
structural defects appeared on the sarcolemma of muscle
fibers, which is associated with increased fatty infiltration
[46]. Stetkarova et al. showed that the proportion of type
I fiber increased on the convexity side and decreased on
the concave side [47]. Our results are insistent with the
previous studies, which supports the theory of muscle
imbalance to a certain extent [48].

Fatty infiltration in LDH and scoliosis

Intramuscular fat are associated with disuse, sex steroid
deficiency, glucocorticoid treatment, and altered leptin
signaling [49]. Furthermore, the accumulation of iadipo-
cyte and ntramuscular lipid in skeletal muscle are linked
to the loss of muscle strength and increased mortality in
the elderly. In this study, the degree of fat infiltration in
scoliosis group was significantly higher than that in LDH
group. LDH can be caused by denervation and disuse
caused by pain, and the abnormal structure of scoliosis is
an important cause of paraspinal muscle changes. Park-
kola et al. [50]found that paravertebral muscle atrophy
was obvious when cross section area was not reduced,
and the atrophic muscle was replaced by fat and fibrous
tissue. Kjaer et al. found that when unilateral lumbar
nerve root was compressed and injured, bilateral mul-
tifidus muscle had increased fat infiltration [51], which
was explained by Hodges that the mechanism of dorsal
branch reflex inhibition was stopped [52]. The mecha-
nism of fatty infiltration includes: (1) accumulation of
intramyocellular lipid, which was associated with insulin
insensitivity, inflammation, and functional deficits [53];
(2) accumulation of adipocyte [54]. Fibro/adipogenic
progenitor, a kind of precursor cells, can differentiate into
adipocytes or myofibroblasts in chronic injury environ-
ment, which explain that fibrosis is a concomitant phe-
nomenon in the process of muscle regeneration [55].

Unresolved issues

We only found the presence of rimmed vacuoles, but we
did not find the reason for rimmed vacuoles appearing in
LDH and scoliosis patients, which can be further studied
by immunohistochemistry, gene sequencing and family
map analysis.
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Limitations

First, the T2 MRI cannot effectively identify the muscle
inflammation and fatty infiltration, which had an impact
on our experimental results. The fluid attenuated inver-
sion recovery sequence can be used to identify inflam-
mation in further study. Second, the strength assessment
method we used is not of high accuracy. Though the
strength assessed by the lumbar extension machine may
have higher accuracy than the method we used, the high
price, complex operation make it mostly used for sports
research and training at present.

Conclusion

The scoliosis patients showed more serious fatty infiltra-
tion than LDH patients and rare pathological findings
were found in both diseases.
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