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and prediction of osteoporotic vertebral
compression fractures
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Abstract

Background Osteoporosis is a bone metabolic disease that usually causes fracture. The improvement of the clinical
diagnostic efficiency of osteoporosis is of great significance for the prevention of fracture. The predictive and diag-
nostic values of bone alkaline phosphatase (B-ALP) and 25-oxhydryl-vitamin D (25-OH-VD) for osteoporotic vertebral
compression fractures (OVCFs) were evaluated.

Methods 110 OVCFs patients undergoing percutaneous vertebroplasty were included as subjects and their spi-

nal computed tomography (CT) images were collected. After that, deep convolutional neural network model

was employed for intelligent fracture recognition. Next, the patients were randomly enrolled into Ctrl group (65
cases receiving postoperative routine treatment) and VD2 group (65 cases injected with vitamin D2 into muscle
after the surgery). In addition, 100 healthy people who participated in physical examination were included in Normal
group. The differences in Oswestry dysfunction indexes (ODI), imaging parameters, B-ALP and 25-OH-VD expressions,
and quality of life (QOL) scores of patients among the three groups were compared. The values of B-ALP and 25-OH-
VD in predicting and diagnosing OVCFs and their correlation with bone density were analyzed.

Results It was demonstrated that computer intelligent medical image technique was more efficient in fracture CT
recognition than artificial recognition. In contrast to those among patients in Normal group, B-ALP rose while 25-OH-
VD declined among patients in Ctrl and VD2 groups (P < 0.05). Versus those among patients in Ctrl group, OD|,

Cobb angle, and B-ALP reduced, while bone density, the height ratio of the injured vertebrae, 25-OH-VD, and QOL
score increased among patients in VD2 group after the treatment (P<0.05). The critical values, accuracy, and areas
under the curve (AUC) of the diagnosis of OVCFs by B-ALP and 25-OH-VD amounted to 87.8 ug/L versus 30.3 nmol/L,
86.7% versus 83.3%, and 0.86 versus 0.82, respectively. B-ALP was apparently negatively correlated with bone density
(r=-0.602, P<0.05), while 25-OH-VD was remarkably positively correlated with bone density (r=0.576, P<0.05).

Conclusion To sum up, deep learning-based computer CT image intelligent detection technique could improve

the diagnostic efficacy of fracture. B-ALP rose while 25-OH-VD declined among patients with OVCFs and OVCFs could
be predicted and diagnosed based on B-ALP and 25-OH-VD. Postoperative intramuscular injection of VD2 could effec-
tively improve the therapeutic effect on patients with OVCFs and QOL.
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Introduction

Osteoporosis is a bone metabolic disease. The reduction
of bone density and bone mass among patients with oste-
oporosis is induced by multiple factors, which eventually
causes damages to bone microstructures. In this case, the
incidence of fracture is extremely high [1]. Osteoporosis-
caused fracture usually occurs in vertebral column, wrist
joint, hip joint, and humerus. The incidence of spinal
fracture is high [2]. Vertebral column is a weight-bearing
objects. Bone structure gradually becomes hollow among
elderly people so that minor external force leads to frac-
ture followed by osteoporotic vertebral compression frac-
tures (OVCFs). OVCFs affects quality of life (QOL) and
leads to long-term death in severe cases [3, 4]. Therefore,
early diagnosis of OVCFs can effectively reduce the mor-
tality of patients. In clinical practice, magnetic resonance
imaging (MRI), computed tomography (CT), and ultra-
sound are often applied to the diagnosis of OVCFs [5].
CT images have the advantages of quick examination,
high popularization rate, and high detection rate and
quantitative CT images can be employed to detect bone
density [6]. However, the diagnostic accuracy declines
due to blurred images caused by respiratory artifacts
during CT examination. With the rapid development of
computer image analysis technology, safe medical image
and computer intelligent detection are widely applied in
medical field [7]. As to computer medical image intelli-
gent analysis technology, the automatic detection, analy-
sis, and recognition of medical images are realized. Deep
convolutional neural network (DCNN) can be employed
to classify and recognize images [8, 9]. Nonetheless, there
are only a few studies on the application of computer
image intelligent analysis technology in CT diagnosis of
fracture.

Redlich et al. [10] showed that sclerotin status and
the incidence of osteoporosis could be predicted based
on the detection of bone density among premenopausal
females with systemic lupus erythematosus by quantita-
tive imaging technique combined with laboratory indica-
tors. Quantitative CT combined with bone biochemical
marker detection could improve the diagnostic reliabil-
ity of OVCFs. Bone alkaline phosphatase (B-ALP) is the
phenotypic marker for osteoblasts that directly reflects
the activity and functional status of osteoblasts. Hence, it
is applied to the evaluation of bone mineralization disor-
der or metabolic bone disease [11]. 25-oxhydryl-vitamin
D (25-OH-VD) is the main form of vitamin D in human
body and an essential component for maintaining health

and cell growth and development [12]. Silva et al. [13]
held that vitamin D deficiency led to osteomalacia and
the marginal concentration of 25-OH-VD was associated
with the occurrence of osteoporosis. Nonetheless, there
are only a small number of studies on the correlation
between B-ALP and 25-OH-VD and the effects of the
prediction and diagnosis of OVCFs and between B-ALP
and 25-OH-VD and bone density.

In the context of safe medical images, the application
effect of computer intelligent technology on the analy-
sis and recognition of fracture CT images was investi-
gated. The predictive and diagnostic values of B-ALP
and 25-OH-VD for OVCFs were evaluated. Besides, the
effects of intramuscular injection of vitamin D2 after
percutaneous vertebroplasty (PVP) on the improvement
and prognosis of clinical symptoms were compared to
provide some references for searching for early diagnos-
tic markers of OVCFs, improving cure rate, and reduce
mortality.

Materials and methods
General data
110 OVCFs patients treated in Tai'an Central Hospital
affiliated to Qingdao between May, 2020 and December,
2021 and 100 healthy subjects were included.

The inclusion criteria were as follows.

A. Patients who met the diagnostic criteria for osteopo-
rosis in Chinese Medical Association Guidelines for
the Diagnosis and Treatment of Osteoporosis (2016
edition).

B. Patients diagnosed with OVCFs through CT imaging
examination.

C. Patients with complete spinal vertebral body poste-
rior wall and undamaged vertebral pedicle.

D. Patients without the signs of nerve root or spinal
cord injury.

E. Patients who were tolerant of surgical treatment.

The exclusion criteria were as follows.

A. Patients with pathological fracture.

B. Patients with open injury or fracture and dislocation
in other sites.

. Patients with a history of old fracture.

. Patients with heart, liver, and kidney dysfunctions.

. Patients with bone metastatic tumors or other malig-
nant tumors.
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E. Patients who were unconscious and unable to com-
municate normally.

G. Female patients were examined for hormone lev-
els and menstrual history to exclude menopausal
patients.

Healthy subjects were included in the control group,
while patients with osteoporotic vertebral compression
fractures (OVCF) were randomly divided using a random
number table method into a control group (55 cases) and
a VD2 group (55 cases). The control group consisted of
27 males and 28 females, with ages ranging from 46 to
64 years. The average age was 55.38 + 6.47 years. The dis-
ease duration ranged from 1 to 8 days, with an average of
5.16 + 1.34 days. The body mass index (BMI) ranged from
18 to 25 kg/m?, with an average BMI of 22.08 +1.25 kg/
m?, The VD2 group comprised 29 males and 26 females,
aged between 46 and 65 years, with an average age of
56.31+6.81 years. The disease duration ranged from 1
to 9 days, with an average of 5.20+1.46 days. The BMI
ranged from 18 to 24 kg/m? with an average BMI of
22.42+1.38 kg/m% General data differences among the
three groups of patients were not statistically significant
(P>0.05). The implementation of this study was approved
by the Ethics Committee of Qingdao Municipal Affiliated
Taian Central Hospital, and the enrolled subjects have
signed informed consent forms.

Computer CT image intelligent analysis

A 64-slice spiral CT imaging system was utilized to scan
thoracic vertebrae or lumbar vertebrae of included patients.
Patients were instructed to take supine position for CT
scan. The scan parameters were set as follows. Tube volt-
age, tube current, pitch, collimation width, slice thickness,
and overlap were set as 120 kV, 160 mAs, 0.935, 64x0.5
mm?, 0.63 mm, and 60%, respectively. The pixel values
of the obtained CT images were normalized and then
flipped horizontally, rotated counterclockwise 15°, rotated
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clockwise 15°, and cropped to expand image data. Besides,
DCNN was constructed for the analysis of CT images. The
model included segmentation, key point detection, and
fracture detection networks. The detection process was
presented in Fig. 1 below.

Firstly, the improved V-Net model was employed to seg-
ment osseous tissues in CT images. In addition, Dice coef-
ficient was utilized to evaluate the segmentation effect. The
calculation method for Dice coefficient was displayed as

Eq. (1).

_ 2]ANB]

Dice = ——
|A| + |B|

(1)

In Eq. (1),|A N B|,|A|, and | B| represented the intersection
of data sets A and B, the number of elements in data set A,
and the number of elements in data set B, respectively.

Then, virtual resource block (VRB) network was used to
detect the key points. Dilation algorithm was adopted to
inflate the key points into regions and determine whether
output outcomes of the model were in key regions. Finally,
vertebrae were marked and fracture sites were recognized.
The differences between the output outcomes and gold
standard overlap regions were evaluated. Dice > 0.8 was set
as the standard for determining fracture recognition result.
What's more, precision, recall, and F1 were utilized to eval-
uate fracture recognition effect of computer medical image
analysis model. The calculation methods for various indica-
tors were shown as Egs. (2), (3), and (4).

o P
Precision = ——— (2)
TP + FP
TP
Recall = ——— 3)
TP + FN
2TpP
1= (4)
2TP + FP + FN

Original > Segmentatio [

Key point e

Detect

Sign >

Fig. 1 CT computer intelligent segmentation process
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In Egs. (2), (3), and (4), TP, FP, and FN referred to the
number of positive samples predicted to be positive, neg-
ative samples predicted to be positive, and positive sam-
ples predicted to be negative, respectively.

Treatment methods

The patients in Ctrl and VD2 groups underwent PVP.
They were instructed to take prone position for the estab-
lishment of vein passage. After the routine vital sign
monitor was connected, local anesthesia was performed
and lateral vertebral arch puncture was performed
along the circular cortical outer edge of vertebral pedi-
cle. During wire drawing, polymethyl methacrylate bone
cement was slowly injected and the puncture needle was
removed after bone cement was solidified. Next, routine
hemostasis, suture, and anti-infection were carried out.
After the surgery, patients in Ctrl group orally took cal-
cium carbonate D3 tablets (manufacturer: Wyeth Phar-
maceutical Co., Ltd.; Product specification: 600 mg*60
tablets; approval number: SFDA H10950029). The dose
was 1 tablet per day. Based on the therapy for patients
in Ctrl group, the patients in VD2 groups were injected
with vitamin D2 continuously through muscle after the
surgery (manufacturer: Kivipharm; product specifica-
tion: 1 mL:10 mg 400,000 units; approval number: SFDA
H13022468). The injection dose was 400,000 U/d and
vitamin D2 was injected for 7 consecutive days. After
that, X-ray films were reviewed to observe the growth
of callus. In addition, patients were ordered to perform
functional exercise.

Observation indexes

(D Oswestry dysfunction index (ODI) scale [14] was uti-
lized to evaluate the level of dysfunction 3 months
after the treatment. ODI scale included pain inten-
sity, standing, sitting, walking, holding, sleep, travel,
life, social contact, and sexual life. 6-point scor-
ing method was adopted. A higher ODI suggested
severer dysfunction after the treatment.

@ After the treatment, X-ray and CT imaging technique
were used to evaluate therapeutic effects. Lumbar
spine anteroposterior projection was implemented.
In addition, the ratio of the height of fractured lum-
bar vertebra to that of adjacent normal lumbar verte-
bra and Cobb angle were measured. Quantitative CT
was utilized to measure bone density.

® 2 mL venous blood were collected in fasting state
before and after the treatment. Fully automatic elec-
trochemi- luminescence immunoassay instrument
was employed to detect the expressions of specific
B-ALP and 25-OH-VD.

(2023) 18:739
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@ QOL scale [15] was utilized to evaluate QOL of
patients 3 months after the treatment. QOL scale
included pain, somatic function, vitality, emotional
role, physical role, mental health, and social function.
4-point scoring method was adopted. A higher QOL
score indicated lower QOL after the treatment.

Statistical processing

SPSS19.0 was utilized for statistical analysis. Measure-
ment data were denoted by (¥ = s) and the differences
between groups were compared using t test. Enumera-
tion data were expressed as percentage and the differ-
ences between groups were compared using )(2 test.
Receiver operating characteristic curves (ROCs) were
drawn to evaluate the diagnostic values of B-ALP and
25-OH-VD for OVCFs. Pearson test was employed
to analyze the correlation between B-ALP as well
as 25-OH-VD and bone density. P<0.05 suggested
the differences between groups revealed statistical
significance.

Results

Effects of computer CT image intelligent detection

The differences in the precision, recall, and F1 of the
detection of OVCFs by artificial detection, DCNN model,
and artificial detection combined with DCNN model
were analyzed and compared. Precision, recall, and F1 of
the above detection methods amounted to 94.36% ver-
sus 96.83% versus 97.42%, 85.12% versus 92.35% versus
94.06%, and 0.91 versus 0.94 versus 0.95. Precision, recall,
and F1 of the combined detection were the highest fol-
lowed by those of DCNN. The effect of artificial detec-
tion was the poorest (Fig. 2).

Precision-recall curves (PRCs) were drawn to show
the effectiveness of the detection of OVCFs by artificial
detection, DCNN model, and combined testing. It was
demonstrated that the area under the curve (AUC) of
artificial detection was the smallest, while that of com-
bined testing was the largest (Fig. 3).

The evaluation of the effects of the detection of fracture
sites in CT images of OVCFs patients by artificial testing
and DCNN model was compared. It was revealed that
the above two detection methods had the same marking
effects on fractured sites (Fig. 4).

Comparison of ODI scores before and after treatment

The differences in ODI scores for Ctrl and VD2 groups
before and after treatment were analyzed and compared.
ODI scores for Ctrl and VD2 groups before and after
treatment amounted to 65.72+9.38 versus 65.83+8.11
and 44.51+7.02 versus 31.57+6.73, respectively.
After treatment, ODI scores for the two groups both
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Fig. 2 Evaluation of the effectiveness of computer CT intelligent detection.
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Fig. 3 PRCs of computer CT intelligent detection

remarkably declined (P<0.05). Versus that for Ctrl group,
ODI score for VD2 group also notably decreased after
treatment (P <0.05) (Fig. 5).
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Spinal ultrasound and CT imaging evaluation

before and after treatment

Quantitative CT images were utilized to evaluate the dif-
ference in bone density among patients in Ctrl and VD2
groups before and after treatment. Bone density among
patients in Ctrl and VD2 groups before and after treat-
ment amounted to 0.78+0.07 versus 0.79+0.09 and
0.81+0.06 versus 1.02+0.07, respectively. After treat-
ment, bone density among patients in the two groups
both apparently rose (P<0.05). Versus that among
patients in Ctrl group, bone density among patients
in VD2 group also increased after treatment (P<0.05)
(Fig. 6).

The differences in Cobb angles and the height ratios
of injured vertebra among patients in Ctrl and VD2
groups before and after treatment were evaluated
using quantitative CT and ultrasound images. Cobb
angles of patients in two groups before and after treat-
ment amounted to 22.31+2.55° versus 22.36+£2.19°
and 17.89+1.27° versus 10.22 +1.08°, respectively. The

Fig. 4 Effects of computer CT intelligent detection. A Artificial annotation of fractured sites in CT images. B Fractured sites in CT images annotated

by DCNN model
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Fig. 5 Comparison of ODI scores for the two groups. The comparison
with ODI score for the same group before treatment revealed
*P<0.05. The comparison with ODI score for Ctrl group revealed
#P<0.05
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Fig.6 Comparison of bone density between two groups detected
by quantitative CT. The comparison with bone density of the same
group before treatment revealed *P < 0.05. The comparison with bone
density of Ctrl group revealed #P <0.05

height ratios of injured vertebra among patients in
two groups before and after treatment amounted to
66.89+9.43% versus 65.71+8.77% and 79.36 +6.14%
and 90.52 +5.58%, respectively. After treatment, Cobb
angles remarkably declined while the height ratios of
injured vertebra notably increased among patients in
two groups (P<0.05). Versus those among patients in
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Ctrl group, Cobb angle dramatically declined while the
height ratio of injured vertebra apparently increased
among patients in VD2 group after treatment (P <0.05)
(Fig. 7).

Comparison of B-ALP and 25-OH-VD expressions

before and after treatment

The differences in B-ALP among patients in Normal,
Ctrl, and VD2 groups before and after treatment were
analyzed and compared. B-ALP among patients in the
three groups before and after treatment amounted
to 39.81+4.14 pg/L versus 90.54+6.71 pg/L ver-
sus 90.19+5.89 pg/L and 39.81+4.14 pg/L versus
70.28 £4.42 pg/L versus 56.70 + 5.33 pg/L, respectively.
Versus that of Normal group, B-ALP of Ctrl and VD2
groups both notably rose (P<0.05). In contrast to that
before treatment, B-ALP of Ctrl and VD2 groups both
apparently declined after treatment (P<0.05). Versus
that of Ctrl group, B-ALP of VD2 group also remark-
ably decreased after treatment (P < 0.05) (Fig. 8).

The differences in 25-OH-VD among patients in
Normal, Ctrl, and VD2 groups before and after treat-
ment were analyzed and compared. 25-OH-VD of Nor-
mal, Ctrl, and VD2 groups before and after treatment
45.06 +5.17 nmol/L versus 34.12+6.32 nmol/L versus
33.87+£5.56 nmol/L and 45.06+5.17 nmol/L versus
35.51+5.29 nmol/L versus 60.83 +4.87 nmol/L, respec-
tively. In contrast to that of Normal group, 25-OH-
VD of Ctrl and VD2 groups both remarkably reduced
(P<0.05). Versus that before treatment, 25-OH-VD of
VD2 group notably declined after treatment (P <0.05),
while that of Ctrl group showed no apparent changes
(P>0.05). Versus that of Ctrl group, 25-OH-VD of VD2
group remarkably increased after treatment (P<0.05)
(Fig. 9).

B150 u Ctrl group
VD2 group

S *
< 100 i
e * ik
g
£ |
= 50
an

0

Before treatment After treatment

Fig. 7 Comparison of Cobb angles and height ratio of injured vertebra between two groups. A Comparison of Cobb angles. B Comparison
of height ratio of injured vertebra. The comparison with Cobb angles and height ratio of injured vertebra of the same group before treatment
revealed *P <0.05. The comparison with Cobb angles and height ratio of injured vertebra of Ctrl group revealed #P < 0.05
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Fig. 8 Comparison of B-ALP among patients in the three groups.
The comparison with B-ALP of Normal group revealed AP <0.05. The
comparison with B-ALP of the same group before treatment revealed
*P<0.05. The comparison with B-ALP of Ctrl group revealed #P <0.05
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Fig. 9 Comparison of 25-OH-VD among patients in three groups.
The comparison with 25-OH-VD of Normal group revealed AP <0.05.
The comparison with 25-OH-VD of the same group before treatment
revealed *P < 0.05. The comparison with 25-OH-VD of Ctrl group
revealed #P <0.05

Comparison of QOL scores after treatment

The difference in QOL among patients in Ctrl and VD2
groups was analyzed and compared. The scores for pain,
somatic function, vitality, emotional role, physical role,
mental health, and social function among patients in Ctrl
group amounted to 67.25+2.59, 63.98 +3.17, 64.11 + 3.26,
64.93+£3.54, 61.05+2.97, 65.98+3.41, and 64.17 +3.55,
respectively. In contrast, the above scores for patients
in VD2 group amounted to 50.38+3.52, 51.41+3.65,
50.89+£2.54, 51.05+2.26, 51.32+3.38, 55.47+3.91, and
50.09 £ 2.85, respectively. Versus those for Ctrl group, all
QOL scores for VD2 group notably increased after treat-
ment (P<0.05) (Fig. 10).

Diagnostic values of B-ALP and 25-OH-VD for OVCFs

The differences in the sensitivity, specificity, accuracy,
negative predictive values, and positive predictive val-
ues of B-ALP and 25-OH-VD for the diagnosis of OVCFs
were analyzed and compared. The sensitivity, specificity,
accuracy, negative predictive values, and positive pre-
dictive values of B-ALP and 25-OH-VD in the diagnosis
of OVCFs amounted to 84.5%, 89.0%, 86.7%, 89.4%, and
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Fig. 10 Comparison of QOL scores for patients in two groups. The
comparison with QOL scores for the same group before treatment
revealed *P < 0.05. The comparison with QOL scores for Ctrl group
revealed #P < 0.05
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Fig. 11 Comparison of the values of B-ALP and 25-OH-VD
in the diagnosis of OVCFs

84.0% and 80.9%, 86.0%, 83.3%, 86.4%, and 80.4%, respec-
tively (Fig. 11).

ROCs were drawn to show the diagnostic values of
B-ALP and 25-OH-VD for OVCFs. It was found that the
critical values of the diagnosis of OVCFs by B-ALP and
25-OH-VD were 87.8 pg/L and 30.3 nmol/L, respectively,
and AUC were 0.86 and 0.82 (Fig. 12).

Correlation between B-ALP as well as 25-OH-VD and bone
density

The correlation between B-ALP as well as 25-OH-VD
and bone density was analyzed and compared. B-ALP
was notably negatively correlated with bone density
(r=-0.602, P<0.05). 25-OH-VD was remarkably posi-
tively correlated with bone density (r=0.576, P<0.05)
(Fig. 13).

Discussion

With the recent increase of the incidence of spinal frac-
ture caused by osteopenia and osteoporosis year by year,
the main clinical symptoms include waist/back pain
and spinal malformation, which seriously affect QOL
[16]. With the progress of the disease, conservative drug
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therapy can't effectively alleviate clinical symptoms, but
aggravates the severity of osteoporosis and induce deep
vein thrombosis and other complications [17]. Therefore,
early diagnosis of OVCFs is of great significance for the
improvement of prognosis. In the context of safe medi-
cal images, imaging examination is usually performed to
assess the morphological changes of vertebral body and
the status of fracture line for the clinical diagnosis of
OVCFs [18]. Slightly deformed vertebral bodies can be
detected by CT images. However, bone marrow edema
state can’t be effectively detected [19]. To achieve com-
puter automated detection effectiveness of CT images,
DCNN model was selected for the classification and rec-
ognition of fractured regions in spinal CT images. It was
demonstrated that precision, recall, and F1 of DCNN
model for fracture recognition were higher than those
of artificial annotation. What’s more, fractured sites
could be localized by DCNN model. The above research
findings revealed that computer intelligent technology
could be utilized to classify and recognize fracture CT
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images for the automatic annotation of fractured sites,
the reduction of workload of artificial annotation, the
improvement of diagnostic rate, and the reduction of
false negative and positive rates [20].

PVP is a main treatment method for OVCFs in clini-
cal practice. Bone cement is injected to increase the sta-
bility of the injured vertebra and further promote the
rehabilitation of spinal function as well as relieve clinical
symptoms [21]. Vitamin D deficiency is common among
patients with OVCFs. As a result, calcium absorption
capacity is reduced, which causes fragility fracture or
refractory fracture [22]. B-ALP is mainly concentrated
in ossification sites of body and the specific marker for
osteogenesis [23]. The relevant research findings demon-
strated that B-ALP increased while 25-OH-VD declined
among patients with OVCFs versus those among healthy
population. An et al. [24] investigated the correlation
between 25-OH-VD expression and bone density among
male patients with diabetes and found that 25-OH-VD
apparently declined among patients with diabetes and
osteoporosis. Besides, 25-OH-VD was negatively corre-
lated with bone density and B-ALP. It was suggested that
the accuracy, sensitivity, and specificity of B-ALP and
25-OH-VD for the prediction and diagnosis of OVCFs
were higher than 80.0%, 80.0%, and 85.0%, respectively.
Anagnostis et al. [25] explored the correlation between
bone turnover markers and bone mineral density (BMD)
among male patients with hemophilia and found that
B-ALP rose among patients with low BMD and B-ALP
was negatively correlated with the history of fracture. Yu
et al. [26] analyzed the changes of the expression of bone
metabolism marker among patients primary spontaneous
pneumothorax and found that 25-OH-VD was the risk
factor for primary spontaneous pneumothorax and it was
linearly associated with osteogenesis markers. The above
research outcome was similar to the research finding that
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bone density was negatively correlated with B-ALP while
positively correlated with 25-OH-VD. To sum up, B-ALP
and 25-OH-VD could be adopted as the adjuvant bio-
markers for the diagnosis of osteoporosis and the predic-
tion of spinal fracture.

Vitamin D is lipid-soluble and it is an essential hor-
mone that regulates bone metabolism. What’s more, it
plays a vital role in promoting calcium absorption and
regulating the stability of minerals and skeletal health
[27]. Weaver et al. [28] assessed the risk of the preven-
tion of fracture through calcium and vitamin D supple-
mentation for adults among 30,970 included subjects.
Fracture occurred among 2426 patients. The total risk
of fracture prevention through calcium and vitamin D
supplement decreased by 15% (95% confidence interval
(CI) ranged between 0.73 and 0.95) and the risk of hip
fracture reduced by 30% (95%CI ranged between 0.56
and 0.87). Schlewitz et al. [29] showed that osteoporo-
sis occurred in vertebra and BMD apparently declined
among the rats undergoing ovariectomy with D2 and D3
deficiency, which revealed that vitamin D supplementa-
tion was vital for fracture prevention. The impacts of
postoperative intramuscular injection of vitamin D2 on
bone density, spinal function rehabilitation, and QOL
among patients with OVCFs. It was revealed that post-
operative vitamin D2 supplementation could apparently
improve 25-OH-VD and bone density. After the surgery,
spinal ODI score declined, while various QOL scores
rose. The above research findings were similar to the
result obtained by Eskandarynasab et al. [30]. They found
that bone mechanical strength of rats was enhanced,
B-ALP was reduced, and osteoclasts were inhibited by
applying phosphatidylserine nano-loaded vitamin D3 to
the treatment of osteoporosis. Vitamin D could act on
osteoblasts, osteoclasts, and bone mineralization. Hence,
it could be involved in the process of union of fracture
[31]. Based on the research findings, it was demonstrated
that vitamin D combined surgery could notably promote
the rehabilitation of spinal function and improve postop-
erative QOL.

Conclusions

In the context of safe medical images, computer intel-
ligent image analysis technique could be employed to
apparently improve the efficiency of the classification and
recognition of fractured sites in CT images. The result of
fracture site localization was consistent with that of arti-
ficial annotation. B-ALP and 25-OH-VD was remarkably
correlated with bone density and could be utilized for
the diagnosis of osteoporosis and the prediction of spi-
nal fracture. In addition, vitamin D was supplemented for
OVCEFs patients after PVP to effectively improve clinical
symptoms, promote the rehabilitation of spinal function,
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and improve QOL. In this research, only the classifica-
tion and recognition effects of computer intelligent tech-
nology on fractured sites in CT images were analyzed
without the evaluation of the diagnostic effectiveness of
B-ALP and 25-OH-VD for OVCFs. Besides, long-term
therapeutic effects were not evaluated. This research was
conducted to provide experimental data for the selection
of early diagnostic markers for OVCFs and the promo-
tion and application of adjuvant vitamin D therapy.
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