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*e research aimed at discussing the analytic function of convolutional neural network (CNN) algorithm-based magnetic
resonance images (MRI) in the correlation between lumbar disc herniation (LDH) and angle and irregular variation of joint (IVJ)
of lumbar facet-joint (LFJ). First, CNN-based MRI (CNNM) algorithm was constructed, and Markov random field (MRF) and
fuzzy C-means (FCM) algorithms were introduced for comparison. Meanwhile, all patients received MRI examination of lumbar,
and CNNM algorithm was adopted in MRI images. *e results showed that the sensitivity, specificity, accuracy, and precision
(98.53%, 93.65%, 99.56%, and 98.74%, respectively) of the CNNM algorithm were all superior to those of MRF algorithm (90.41%,
81.11%, 91.18%, and 91.13%, respectively) and of FCM algorithm (93.14%, 82.86%, 93.23%, and 93.08%, respectively) (P< 0.05).
Besides, the lumbar spine angles of L3-L4, L4-L5, and L5-S1 (6.03± 1.34°, 7.14± 1.18°, and 8.96± 3.26°, respectively) in the
experimental group was obviously less than those in the control group (6.84± 1.15°, 9.85± 1.25°, and 17.34± 4.79°, respectively)
(P< 0.05). In the experimental group, there was irregular mutation of LFJ in 78 cases, while 8 cases suffered from irregular
mutation of LFJ in the control group. *e proportions of protrusion in L3/4, L4/5, and L5/S1 segments (11 cases, 53 cases, and 14
cases, respectively) was higher than that in the control group (1 case, 5 cases, and 2 cases, respectively) (P< 0.05). In short, the
constructed CNNM algorithm had excellent performance in diagnosing lumbar MRI images and had clinical research and
promotion value. Moreover, the IVJ of patients with LDH was notably increased, most of the physiological angle of the lumbar
spine changed, and facet joint was correlated with the occurrence of LDH.

1. Introduction

Lumbar disc herniation (LDH) refers to the nucleus pul-
posus tissue protruding or protruding into the posterior or
spinal canal due to the rupture of the lumbar intervertebral
disc fibrous annulus, resulting in compression of adjacent
nerve roots. It produces lumbar pain, pain, and numbness of
the lower limbs, and even incontinence, paralysis of both
lower limbs [1–3]. LDH is a spinal degenerative disease,
which generally includes four types: bulging, protruding,
free, and Schmorl snodes. It will cause radiating pain in
lower limbs clinically, and it is also one of the most common
diseases that affect the quality of life of patients in real life
[4]. *e causes of LDH include degeneration of the lumbar
intervertebral disc, trauma, and genetics, among which

lumbar intervertebral disc degeneration is the main factor.
*e intervertebral disc tissue bears the weight of the human
trunk and upper limbs, and in daily life and work, the strain
is heavier than other tissues [5]. As people age, the inter-
vertebral discs will age. LFJ is the only movable joint of the
spine, which has the functions of guiding the movement of
the spine, resisting compression, shearing, and rotation. It
bears 15% of the body’s weight and has very complex
biomechanical properties [6]. *e direction of lumbar facet-
joint (LFJ) is also an important factor affecting the overall
movement and stability of the lumbar spine. *erefore,
exploring the relationship between LFJ and LDH is also a hot
topic in clinical efforts.

With the development of imaging, the current clinical
examination methods for LDH include plain radiographs of
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the lumbar spine, computed tomography (CT) examina-
tions, and magnetic resonance imaging (MRI) [7]. Lumbar
X-ray plain film is a traditional imaging detection method,
which can better diagnose conventional lumbar disc disease
and is cheap, but it is easily affected by objective factors, and
misdiagnosis and missed diagnosis may occur [8, 9]. CT
examination can more clearly show the characteristics of
lumbar degenerative disease, and it has the advantages of
simple operation and reasonable price. However, the reso-
lution of soft tissues is low, and there is no need to show the
subtle damage of lumbar spine tissue in more detail. MRI is
an imaging technology that adopts strong magnetic fields,
magnetic field gradients, and radio waves, by which images
of human organs are obtained. It has many advantages such
as high resolution, multiple parameters, and high definition
and has high sensitivity to measure the angle of lumbar facet
joint [10]. In addition, MRI was highly sensitive to the le-
sions in human soft tissues, and it could effectively display
facet joint lesions caused by early joint degeneration of
patients. Furthermore, MRI caused no ionizing radiation
injury, so this method was appropriate for examination on
pregnant women, children, and other special population.
Convolutional neural network (CNN) is a kind of deep
learning algorithms, which can learn to directly classify tasks
from images, videos, text, or sound. Moreover, it works
better in discovering patterns in images to identify objects,
faces, and scenes. CNN has characterization learning ca-
pabilities, which learns directly from image data, and utilizes
patterns to classify images without manual feature extraction
[11, 12].

In summary, deep learning technology has a very eye-
catching performance in the field of clinical imaging. *e
MRI recognition algorithm CNNM was constructed based
on CNN, and the Markov random field (MRF) and fuzzy
C-means (FCM) algorithms were introduced for compari-
son. *en, the CNNM algorithm was applied to the diag-
nosis of lumbar MRI images. By comparing the two groups
of lumbar spines at L1-L2, L2-L3, L3-L4, L4-L5, and L5-S1
angle, as well as irregular variation of joint (IVJ) condition,
the relationship between LDH and facet-joint angle and
irregular changes was comprehensively explored.

2. Materials and Methods

2.1. Selection of Research Subjects. 102 LDH patients who
were admitted to the hospital from November 5, 2018, to
June 20, 2020, were selected as the research subjects, and the
age range was 18–65 years. In addition, 58 normal volunteers
who had their physical examination during the same period
were taken as the control group. *e study had been ap-
proved by the Medical Ethics Committee of Hospital, and
the patients and their families understood the condition of
the study and signed the informed consent forms.

Inclusion criteria: (1) patients older than 18 years; (2)
patients with clinical symptoms of lower limb radiating pain;
(3) patients who still could not relieve pain after conservative
treatment; (4) patients who had clear consciousness and
could cooperate with the examination normally; (5) patients
who had no structural lumbar deformity in the past.

Exclusion criteria: (1) patients who had received lumbar
spine surgery; (2) patients with other mental illnesses; (3)
patients with lumbar scoliosis, lumbar spinal stenosis, or
spinal fractures; (4) patients with poor MRI image quality
that could not be diagnosed; (5) patients with incomplete
clinical data; (6) patients with typical symptoms but negative
imaging examination.

2.2. MRI Scanning Method of Lumbar Intervertebral Disc.
*e patients were examined with 3.0T magnetic resonance
instrument. *e patients were in a supine position and were
fixed with an 8-channel knee coil.*e scanning range was up
to the lower endplate of the upper vertebral body and down
to upper endplate of the lower vertebral body; for those
protruding the nucleus pulposus upward or downward, the
scanning area can be increased; and each intervertebral space
was taken from top to bottom 3-4 cross sections. *e
scanning parameters were the matrix was 521× 521, the layer
thickness was 3mm, the layer spacing was 0.5mm, the field
of view was 25× 25 cm, the TR was 615ms, and the TE was
25ms. After the scan was completed, the image was sent for
image reconstruction and diagnostic analysis, and then
patient’s lumbar facet-joint angle was measured.

Lumbar facet-joint angle measurement: the cross-sec-
tional image of the intervertebral disc parallel to the endplate
and close to the upper endplate of the lower vertebral body
was selected, which was input into the computer processing
software. *en, the image would be enlarged until the ar-
ticular surface and articular process of LFJ were sufficiently
clear. *e angle between the joint line and the line connected
by midpoint of the intervertebral disc and midpoint of the
spinal process root was measured, to obtain the data of the
joint angle. *e sum of the joint angles on both sides was the
joint angle value. *e facet joint angle did not change
according to the law of gradual increase.*e form of the facet
joint was the irregular change of the facet-joint angle, which
included large-small-large (LSL) type, large-small-small (LSS)
type, and small-large-small (SLS) type.

2.3. CNN-Based MRI Image Recognition Algorithm. *ere is
a large amount of background information in the lumbar
MRI image, which makes it difficult to recognize the lumbar
disease manually. In addition, it may be affected by the
patient’s movement, so the resolution will be reduced. In
Figure 1, it is more difficult to identify the lumbar spine due
to patient movement, which increases the difficulty of
medical examination and also increases the workload of
doctors. *erefore, adopting artificial intelligence algo-
rithms to automatically detect lumbar spine lesions becomes
a hot research topic.

In this work, CNN is taken as a similarity function, then
the twin CNN can be utilized for similarity learning. It is
supposed that the MRI images of two different patients are p
and q, respectively, and then the similarity function com-
pares the relationship between image p and image q. *e
twin CNN is adopted to perform correlation conversion on
the input image p and image q, which is expressed as follows.
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f(p, q) � d(ϕ(p), ϕ(q)). (1)

Here, d () is a function that represents a similarity measure,
and ϕ is a convolution change coefficient. Given that the size of
MRI candidate images of all patients is not completely the
same, the fully convolutional networkwith respect to candidate
images is adopted, which can bear the input of larger images
and calculate the similarity of subwindows in the evaluation.
*e equation can be expressed as follows.

f(p, q) � ϕ(p)∗ϕ(q) + l1. (2)

Here, l1 is a constant.*e output of this equation is not a
numerical value, but a score graph. In Figure 2, when the
comparison image and the candidate image are input into
the twin CNN at the same time, two output feature maps
with different sizes can be obtained. *e smaller feature map
is taken as the convolution kernel to deconvolve the larger
feature map, and finally, a score map will be obtained, and ∗
represents the convolution operation. *e position of the
maximum value can be reversed back to the candidate image
to find the most similar object position.

According to the maximum value of convolution score
map compared to the position of the image center point and
the total network step length, the target position of each
search image is evaluated. *en, the cross-correlation
combined feature map is adopted to independently evaluate
the network of each subwindow. A single pair of positive and
negative samples is taken as an example, and the training loss
function of the network can be expressed as follows:

h(m, n) � log(1 + exp(−mn)). (3)

In equation (3), m represents the label value of the
comparison sample and m ∈ [−1, +1], n represents the true
score of the candidate image calculated by the network, and
h (m, n) represents the training loss function. *e loss
function of the score map is defined as themean of the loss of
each sample, and it can be expressed as follows.

H(m, n) �
1

|T|

u∈T

h(m[u], n[u]). (4)

In equation (4), T represents the score map, m [u]
represents the position label in the score map, and n [u]
represents the comparison sample label. *e distance be-
tween the element in the score map and the center are
multiplied by v, and then, within a certain range, the element
can be considered as a positive label, otherwise the element is
considered as a negative sample. *e available equation is as
follows:

m[u] �
−1, if v‖u − b‖≤ r,

+1, otherwise.
 (5)

In equation (5), r represents the radius of the range, and
k represents a constant.*en, the stochastic gradient descent
function is introduced to solve the loss function. Values
similar to the convolution kernel usually get a higher re-
sponse value, so inputting the image that is closest to the
sample image can make the CNN learn more similar.
*erefore, the search image centered on the above one target
is input to the network, so as to avoid the output of all
positions of the candidate image causing excessive com-
putational complexity. *e two CNN models are the same,
which are expressed as follows.

f(p, q) � f(q, p). (6)

Given that the size of comparison image and search
image are not the same, the normalization processing is
conducted first. It is assumed that the length and width of the
target frame are a and d, respectively.*e comparison image
is x2, the search image is y2, and the two images are fixed to
x2; then, there is the following equation:

Gi a + 2ki(  × Gi d + 2ki(  � x
2
. (7)

Here, ki represents the edge content, which is 1/2 of the
circumference of the target frame, and ki � a + d/4. *en,
equation (7) can also be expressed as follows.

Figure 1: Schematic diagram of the lumbar spine.
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Figure 2: Schematic diagram of the smooth running of twin CNN.
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Gi �
x

��������������������������
(a +(a + d)/2) ×(d +(a + d)/2)

 . (8)

According to equation (8), a fixed-size contrast image
can be obtained, and then more edge information is in-
troduced to form a sample.

i �
��������������������������
(a +(a + d)/2) ×(d +(a + d)/2)


, (9)

kx �
y − x

2Gi

, (10)

x � i + 2kx. (11)

In equations (9)–(11), kx represents edge information,
and x represents the size of the search image. *en, the final
output image is enlarged 15 times by bicubic interpolation,
and the distance vector between the position of the maxi-
mum value in the score map and the center can be expressed
as follows.

MC
���→

� (αmax , βmax) −
δcenter, δcenter( 

2
. (12)

Here, (αmax , βmax) represents the coordinates of the
maximum value in the score map, and (δcenter, δcenter) is the
coordinates of center point of the score map. It is supposed
that the total step length of convolution and pooling in the
network is s, and then the distance vector between the center
of the search image and current target position can be
expressed as follows.

CZ
��→

� C +
MC
���→

16
× s. (13)

Here, C represents the center of the search image. *e
above equation is the lumbar MRI image recognition al-
gorithm based on CNN, which is named as CNNM.

2.4. Simulation Experiment Design. *e public lumbar spine
database is utilized for training the fast and unsupervised
detection algorithm of intervertebral disc based on MRF
[13], and the lumbar detection algorithm FCM based on
FCM clustering [14] is introduced to be compared with the
CNNM algorithm constructed in this work. Sensitivity,
specificity, accuracy, and precision are selected as indicators
to evaluate the algorithm performance, which are calculated
as follows.

sensitivity �
TP

TP + FP
, (14)

specificity �
TN

TN + FP
, (15)

accuracy �
TP

TP + FN
, (16)

precision �
TP + TN

TP + TN + FP + FN
. (17)

In equations (14)–(17), TP, TN, FP, and FN mean true
positive, true negative, false positive, and false negative,
respectively.

2.5. Statistical Methods. Data processing was conducted via
SPSS19.0 version statistical software analysis, mean-
± standard deviation (x± s) was how measurement data
were expressed, and count data were in the form of per-
centage (%). *e sensitivity, specificity, accuracy, and pre-
cision of CNNM,MRF, and FCM algorithms were compared
using paired t-test. *e ratio of males and females, age, BMI,
course of disease, lumbar spine L1-L2, L2-L3, L3-L4, L4-L5,
and L5-S1 angles, and IVJ condition of two groups were
compared by ANOVA. *e difference was considerable at
P< 0.05.

3. Results

3.1. Contrast of Basic Information of Patients. Figures 3 and 4
presented the comparisons of the ratio of males and females,
age, BMI, and course of disease. It was obvious that the male
ratio, female ratio, age, BMI, and course of disease in the
experimental group were not obviously considerable in
contrast to controls (P> 0.05).

Figure 5 revealed the MRI image of a male patient’s
lumbar spine.*e sagittal plane showed the space-occupying
lesions in the spinal canal at the L5 and S1 vertebral planes.
*e lesions showed slightly low signal on T1WI and mixed
high signal on T2WI. *e right edge extended into the right
intervertebral foramen, which was not clearly demarcated
from the nerve root, but did not protrude beyond the spinal
canal.

3.2. Algorithm Performance Evaluation Comparison.
Figure 6 and Figure 7 showed the comparison of sensitivity,
specificity, accuracy, and precision of the three algorithms.
*e sensitivity, specificity, accuracy, and precision (98.53%,
93.65%, 99.56%, and 98.74%, respectively) of CNNM al-
gorithm were obviously superior to those of MRF algorithm
(90.41%, 81.11%, 91.18%, and 91.13%, respectively) and of
FCM algorithm (93.14%, 82.86%, 93.23%, and 93.08%, re-
spectively). *e differences had statistical meaning
(P< 0.05).

3.3. Contrast of Various Angles of Lumbar Spine between
Groups. Figures 8 and 9 were comparisons of the angles of
the lumbar spine at L1-L2, L2-L3, L3-L4, L4-L5, and L5-S1
between groups. *e L1-L2 angle of the experimental group
was 3.86± 1.04°, the L2-L3 angle was 4.94± 1.25°, the L3-L4
angle was 6.03± 1.34°, the L4-L5 angle was 7.14± 1.18°, and
the L5-S1 angle was 8.96± 3.26°. In the control group, the
L1-L2 angle of the lumbar spine was 3.61± 0.86°, the L2-L3
angle was 4.24± 1.32°, the L3-L4 angle was 6.84± 1.15°, the
L4-L5 angle was 9.85± 1.25°, and the L5-S1 angle was
17.34± 4.79°. *e L2-L3 angle of the lumbar spine in the
experimental group was evidently larger in contrast to
controls, with highly notable difference (P< 0.05). *e
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angles of L3-L4, L4-L5, and L5-S1 of the experimental group
were obviously inferior to control group, and the difference
was considerable (P< 0.05). Differences in the L1-L2 angles
of the lumbar spine between groups were not substantial
enough (P> 0.05).

3.4. Contrast of IVJ Conditions between Groups. Figure 10
shows the comparison of joint protrusion between the two
groups. 78 patients in the experimental group had IVJ, and 8
patients in the control group had IVJ. In addition, in the
experimental group, there were 11 cases with protrusion of
L3/4, 53 cases with protrusion of L4/5, and 14 cases with
protrusion of L5/S1. In the control group, there was 1 case
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Figure 6: Contrast of recognition sensitivity and specificity of the
three algorithms. Note: ∗ means that the difference was evident
versus CNNM algorithm (P< 0.05).
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Figure 7: Contrast of recognition accuracy and precision of three
algorithms. Note: ∗ means that the difference was evident versus
CNNM algorithm (P< 0.05).
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Figure 8: Contrast of L1-L2, L2-L3, and L3-L4 angles of the lumbar
spine between groups. Note: ∗ means the difference was highly
notable versus experimental group (P< 0.05), which means the
same thing for all the figures.
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Figure 3: Comparison of the proportions of male and female
between the two groups of patients.
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Figure 4: Contrast of age, BMI, and course of disease of patients.

Figure 5: MRI image of lumbar spine in a male patient (aged 37
years old).
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with protrusion of L3/4, 5 cases with protrusion of L4/5, and
2 cases with protrusion of L5/S1. *e proportion of the
number of protrusions in the L3/4, L4/5, and L5/S1 segments
of experimental group was substantially higher relative to
controls (P< 0.05), as shown in Figure 11.

Figure 12 shows the comparison of IVJ types between the
two groups. Experimental group was with 34 cases of LSL
type IVJ, 29 LSS type IVJ, and 15 SLS type IVJ. *ere were 2
cases of LSL type IVJ, 4 LSS type IVJ, and 2 SLS type IVJ in
the control group.*e number of LSL, LSS, and SLS type IVJ
cases in the experimental group was higher versus the
control group, with extremely evident difference (P< 0.05).

4. Discussion

*e main symptom of LDH is low back and leg pain, which
is a kind of degenerative diseases that affect people’s quality
of life. Clinical observations disclosed that the body’s LFJ
and the intervertebral disc shared the weight of the body.
Moreover, the direction of the facet joint was an important
factor affecting the mobility and stability of the lumbar
spine, so there may be a close relationship between the facet
joint and LDH [15, 16]. First, the lumbar spine MRI image
recognition algorithm CNNM was built based on CNN, and
the fast and unsupervised detection algorithmMRF based on
MRF and the lumbar detection algorithm FCM based on
FCM clustering were introduced, which were compared with
the proposed one regarding the algorithm performance. It
was found that the recognition sensitivity, specificity,

accuracy, and precision of the CNNM algorithm were all
greatly superior to MRF and FCM algorithms (P< 0.05).
Such results were similar to the research results of Kuli-
gowski et al. [17], indicating that the CNNM algorithm
constructed in this work was superior to MRF and FCM
algorithms in diagnosing lumbar MRI images, and had
clinical research promotion value.

*e L2-L3 angles of the experimental group were evi-
dently larger than those of the control group, while the L3-
L4, L4-L5, and L5-S1 angles were not (P< 0.05). Li et al. [18]
ever pointed out that the change of angles in the experi-
mental group resulted from long-term lordosis of lumbar
spines, thus paraspinal muscle showing high tension.
Longstanding tension would cause lumbar strain, which
even reflected to back or legs. Besides, spinal cord and nerve
in human body were compressed by the physiological
curvature of lumbar spine itself, which resulted in different
types of neurological damage [19]. 78 patients in the ex-
perimental group had IVJ, and 8 patients in the control
group had IVJ, which indicated that the IVJ of LDH patients
increased notably. *e proportion of the number of pro-
trusions in the L3/4, L4/5, and L5/S1 segments of the ex-
perimental group was extremely higher versus the control
group (P< 0.05), which was similar to the research results of
Grubmüller et al. [20]. Segments L4/5 and L5/S1 were
clinically prone to LDH lumbar segments. *e results in-
dicated that L4/5 and L5/S1 segments in patients with LDH
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Figure 10: Comparison of the number of IVJ cases in the two
groups.
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Figure 11: Comparison of joint protrusion between the two
groups.
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Figure 9: Contrast of L4-L5 and L5-S1 angles of the lumbar spine
between groups.
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was more likely to develop degenerative disease.*e number
of LSL, LSS, and SLS type IVJ cases in the experimental
group was notably greater relative to the control group
(P< 0.05), which indicated that the LFJ morphology type
would cause different biomechanical lesions in the lumbar
spine.

5. Conclusion

First, the lumbar spine MRI image recognition algorithm
CNNMwas constructed based on CNN, and MRF and FCM
algorithms were introduced for comparison. *en, the
CNNM algorithm was applied to lumbar spine MRI image
diagnosis. It was found that the CNNM algorithm had
excellent performance in diagnosing lumbar MRI images
and had clinical research and promotion value. *e IVJ of
patients with LDH was considerably increased, most of the
physiological angle of the lumbar spine changed, and facet
joint was proved to be correlated with the occurrence of
LDH. However, there are some shortcomings in this work.
*e sample size of patients is small, and only image maps are
used for analysis. Later, it should consider increasing the
sample size of patients and use histological, pathological, and
biomechanical evidences to further analyze the relationship
between LDH and facet joint. In short, the results provide a
favorable theoretical basis for the clinical diagnosis and
treatment of LDH.
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