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Objective. -e objective of this study was to analyze the application effect of algorithm-based three-dimensional reconstruction of
cone-beam computed tomography (CBCT) images in the treatment of dental pulp disease (DPD) and the evaluation of the
curative effect after treatment. Methods. 120 patients with DPD in hospital were selected as the research objects. In this study,
based on the regridding model in the algorithm, the mapping relationship between the undersampled CBCT image and the fully
sampled CBCT image was connected, and a model that can be used for image restoration and reconstruction was obtained after
training. -e algorithm model was used to reconstruct and repair the CBCT images of the research objects, and then, the
reconstructed CBCT images were segmented based on the improved level set algorithm. After that, it analyzed and compared the
accuracy of X-ray and CBCT based on three-dimensional reconstruction for the diagnosis accuracy of DPD and compared the
average bone density of patients and the effect of root canal filling in each time period after root canal treatment. Result. After the
image was reconstructed with the regridding model, a CBCT image of the patient’s teeth with less noise and clearer structure was
obtained. -e segmentation accuracy of the level set algorithm reached 85.5% on average, and the undersegmentation rate (UR)
and the over-segmentation rate (OR) were both less than 6%. -e diagnostic rates of X-ray and three-dimensional CBCT
examination of DPD were 43.7% and 100%, respectively, and the difference was statistically significant (P< 0.05). Under the
monitoring of the three-dimensional reconstruction of CBCT technology, the average bone density of the test group patients after
12 months of root canal treatment was the same as that of healthy people. Under X-ray examination, the average bone density of
the test group patients was still lower than that of healthy people after 12 months of root canal treatment. Under the three-
dimensional reconstruction of CBCT, the underfilling rate of patients after root canal treatment was 5%, the proper filling rate was
85%, and the overfilling rate was 10%. Conclusion. In summary, the CBCT reconstructed by the intelligent three-dimensional
algorithm was effectively improved, which enhanced the image quality and segmentation efficiency. Analysis on diagnosis
efficiency and treatment effect proved that CBCTcan be an effective method to evaluate the initial curative effect of DPD treatment
during and after the surgery and can provide valuable information in future dental treatment, thereby enhancing the success rate
of DPD using root canal therapy.

1. Introduction

Diseases on the hard tissues of teeth are collectively called
dental diseases, and dental diseases in a broad sense also
include pulp diseases. -erefore, it can also be called dental
pulp disease (DPD) [1]. Dental pulp tissue is the most

important tissue in maintaining tooth nutrition, innerva-
tion, and immune function [2, 3]. Root canal therapy is the
most commonly used effective treatment method for pulp
disease and periapical disease in the world. -e principle of
root canal therapy is to remove most of the infections in the
root canal throughmechanical and chemical methods and to

Hindawi
Scientific Programming
Volume 2022, Article ID 3119471, 8 pages
https://doi.org/10.1155/2022/3119471

mailto:zhaolu0106@czfph.com
https://orcid.org/0000-0001-8285-4613
https://orcid.org/0000-0002-2506-1075
https://orcid.org/0000-0002-2601-1272
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2022/3119471


fill the root canal and seal the crown to prevent the oc-
currence of periapical lesions or promote the healing of
existing periapical lesions [4, 5]. Although root canal therapy
shows a good effect, it still fails in some cases. Early clinical
treatment failure (within a few days or weeks) is affected by a
variety of factors, which may be related to an incorrect
diagnosis of pulp diseases. Moreover, poor assessment of
pulp status may lead to a clinically severe underestimation of
the severity of pulp inflammation. -is negligence may lead
to irreversible pulp inflammation and pulp tissue necrosis,
leading to spontaneous and persistent pain after treatment.
-erefore, the correct assessment of DPD and the selection
of appropriate materials before targeted treatment are the
keys to improving the prognostic effect and success rate of
patients [6, 7].

In this regard, CBCT technology can provide high-
precision three-dimensional images for dental treatment. As
the name implies, it is a cone-beam projection computer
recombination tomographic imaging device. Its principle is
that the X-ray generator uses a low radiation dose (usually,
the tube current is about 10mA) to make a circular digital
projection around the projection body. -en, the data ob-
tained in the “intersection” after the digital projection are
“reorganized” in the computer to obtain a three-dimensional
image [8]. -e projection principle of cone-beam computed
tomography (CBCT) acquisition of data is completely dif-
ferent from traditional sector scan CT, and the algorithm
principle of later computer reorganization is similar. CBCT
was first used in dentistry in Europe in 1998 and was ap-
proved for use in the United States in 2001. In 2002, at the
“twenty-first Century Craniofacial Imaging” seminar held in
Pacific Grove, California, the early evaluation of the possible
future impact of this technology on dentistry, especially
orthodontics, was discussed for the first time [9, 10]. Since
this seminar, CBCT technology has undergone rapid evo-
lution, which is mainly due to the urgent need for accurate,
reproducible, and safe three-dimensional images in various
fields. In orthodontics, three-dimensional imaging can help
unravel the complexities of dentistry and skeletal matrices
and improve diagnosis and treatment planning for specific
case types. Although CBCT technology has so many ad-
vantages, it also has some shortcomings, which hinder its
extensive clinical development and application. For exam-
ple, due to equipment and operation problems, it has strong
noise and artifacts, resulting in poor image quality and
unable to respond to lesion details. -e intelligent three-
dimensional reconstruction algorithm that has emerged in
the past few years can compensate for the shortcomings well.
Many related studies have shown that the intelligent three-
dimensional reconstruction algorithm can well remove the
noise and artifacts in the medical image, and the segmen-
tation accuracy of the lesion is also high. -erefore, it is a
popular algorithm in the field of medical image processing.

In this study, the three-dimensional reconstruction al-
gorithm was used to reconstruct the CBCT images of DPD
patients, and on this basis, the diagnosis and root canal
treatment of DPD patients were carried out. In addition, it
was compared with the diagnosis and treatment effect under
X-ray detection. -is study was expected to provide new

ideas and reference basis for the diagnosis and treatment of
clinically related diseases.

2. Methods

2.1. Research Objects. 120 patients who were about to un-
dergo dental replacement surgery in the hospital were se-
lected as the research objects, and 120 healthy people were
selected in the control group. -e average age was 48.1± 2.6
years. Routine oral clinical examinations were performed on
the selected 120 patients. All patients were examined by
CBCTand X-ray and had complete clinical diagnosis records
and imaging data. Among the 120 patients, 80 were male
patients and 40 were female patients. Finally, the inspection
results were compared and analyzed.

-e inclusion criteria were defined as follows: all patients
were diagnosed with DPD in this hospital, and all had
relevant radiological examination imaging data; the patients
were in good physical condition and had no other major
diseases in the body before treatment; patients whose teeth
were maintained at natural dentition, and there was no
congenital dental disease; and patients without disorder in
the chewing system.

-e exclusion criteria were given as follows: the patient’s
dental pulp had not been diagnosed in hospital, and the
imaging data were incomplete; patients with other major
diseases in the body; patients whose oral hygiene status was
not up to standard; and patients with a history of related
orthodontics or had previous maxillofacial surgery.

All patients had signed the informed consent forms. -e
research conducted in this study had been approved by the
ethics committee of the hospital.

2.2. Research Methods. -e same researcher performed
traditional X-ray examinations and CBCT examinations on
the teeth of 120 patients. Traditional X-ray examinations
included traditional dental film and curved tomography;
CBCT machine and digital dental medicine research soft-
ware were used. -e software can accept the DICOM file
transmitted by the CT machine and perform the three-di-
mensional reconstruction. It can also measure the distance
and angle of the image. CBCT scanned the patient’s oral
tissue, with the tube voltage of 90 kV, tube current of 5mA,
and scan time of 17.5 s. After rotation for 360°, it could
continue scanning, reconstruct the original data image, and
obtain three-dimensional images, including axial, sagittal,
and coronal images. All images were displayed on a 24-inch
LCD monitor with 1600×1 200 pixels and stored on the
same computer. -e images obtained from the inspection
were compared and performed with the statistical analysis.

2.3. �ree-Dimensional Reconstruction Algorithm.
Because the data collected in the spatial frequency domain
was distributed at unequal intervals, the image cannot be
quickly reconstructed by Fourier transform, so the collected
CT image data need to be gridded before the image can be
reconstructed. An algorithm that is widely recognized and
used in the algorithm is called the Jackson gridding
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algorithm [11], which is often used because of its simple
calculation and less computing time. -e calculation
equation of this gridding algorithm was as follows:

Fn(ϕ, v) � [F(ϕ, v)k × Tn(ϕ, v)]∗C(ϕ, v)  × n(φ, v),

Tn(ϕ, v) �
T(ϕ, v)

T(ϕ, v)∗C(ϕ, v)
.

(1)

In the above equation, Fn represented the CT image data
for resampling, F represented the CT image data sampled
without interval, Tn referred to the density compensation
function of uneven sampling, C was the convolution
function, n was the sampling function at equal intervals, and
T referred to the sampling function at unequal intervals. In
addition, × stood for multiplication, and ∗ referred to the
convolution operation.

-e function used in the Jackson gridding algorithm was
the Kaiser–Bessel function, which was expressed as

s(ϕ) �
do(α

���������
1 − (2ϕ/E)


Ù2)

d0(α)
, |ϕ|E

E

2
, (2)

s(ϕ) � 0, |φ|E
E

2
. (3)

In equations (2) and (3), s(φ) represented the Kai-
ser–Bessel function, do represented the zero-order deformed
Bessel function, and E represented the window length.

-e calculation expression of the CT image after the
optimization and reconstruction of the grid algorithm was
expressed as follows:

hm(x, y) � hn(x, y) ·
p(x, y)

c(x, y)
, (4)

where hm was the image reconstructed by the algorithm, hn
represented the Fourier transform of Fn, c referred to the
inverse Fourier transform, and p represented the rectangular
function.

With the further research and innovation of the gridding
algorithm, people have improved the gridding algorithm to a
certain extent and named the optimized gridding algorithm
as the regridding algorithm [12], which was applied to the
reconstruction of CT images. -e expression of the
regridding algorithm at this time was as follows:

Mr � ϕ, (5)

where M represented the sine interpolation coefficient
matrix, r represented the n vector on the spatial data point
on the grid, and φ referred to them vector on the spatial data
point on any trajectory. Because the calculation was too
large, the word was selected to iteratively solve the ap-
proximate value of the equation:

r
∧

� M∗Dϕ . (6)

In equation (6), r
∧
represented the approximate solution

of r, ∗ was the Hermitian transpose, D� diag (d) repre-
sented the diagonal matrix, and d was the density-weighted
m-dimensional vector. -e following equation can be ob-
tained by combining equations (5) and (6):

r
∧

� M∗DMr. (7)

When the value ofM ∗ Dwas infinitely close toM, dwas
the optimal solution at this moment. At this time, the
calculation expression of d was given as follows:

d � diag θ
fk 0

0 0
 θ∗ . (8)

-e matrix M can be replaced with the following cal-
culation as soon as possible:

M � TRUR∗. (9)

In the above equation, T represented the Kaiser–Bessel
interpolation matrix, R represented the Fourier matrix, U
represented the diagonal matrix, and RUR∗ represented the
deconvolution result. -en, the below equation could be
obtained by combining equations (5) and (9):

TRUR∗ r � ϕ,

r
∧

� TRU∗R∗Dϕ.
(10)

Since the value of do of this method would be affected by
the interpolation function, after research and further im-
provement, people use the iterative calculation method to
optimize this method and improve the initial estimation of
do, and the accurate valuation was calculated gradually
starting from d� do:

d �
d

HH∗d
. (11)

-e closer the HH ∗ d was to 1, the better the result of
density weighting.

-e undersampled CT image was reconstructed through
the final regridding image reconstruction algorithm, and the
equation was expressed as follows:

CThighquality � F CTlowquality . (12)

In the equation above, CTlowquality represented the
reconstructed CT image of undersampled spatial data, which
contained a lot of noise and blur; CThighquality represented
the reconstructed full-sampling CTimage, and F represented
the function learned by a convolutional neural network
(CNN).

In this study, a CNN model was used to process the
undersampled image, and finally, a fully sampled CT image
was obtained. -e calculation equation and structure are
shown in Figure 1.

y0 � yi + T3 ∗BM ReLU T2 ∗BM ReLU T1 ∗yi + a1( (  + a2( (  + a3. (13)
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In the equation (13) above, yi represented the under-
sampled CT image; T1, T2, and T3 represented the weight; a1,
a2, and a3 represented the offset; ∗ was the convolution
operation, ReLU represented the activation function, and
BM represented the regularization operation.

-e loss function of the network model was expressed as
follows:

f(Y, Z) �
1
N
∗ 

N

j�1
Y _J − Zj



. (14)

In equation (14), Yj was the pixel in the undersampled
image, Zj represented the pixel in the fully sampled image, N
represented the number of pixels in the CT image, and f(Y,
Z) represented the loss function.

2.4. Statistical Mathematical Processing. -e SPSS19.0
software was adopted for statistical analysis, the measure-
ment data conforming to the normal distribution were
represented by the mean± standard deviation, and the
comparison of differences among groups was analyzed by
independent sample t-test. -e measurement data that did
not conform to the normal distribution were represented by
the median value and the four-point position, and the
comparison of differences among groups was analyzed by
the nonparametric rank-sum test. Enumeration data were
expressed by n (%), and the comparison of differences
among groups was analyzed by chi-square test. -e P value
was calculated based on the variance value, and P< 0.05
meant the difference was statistically significant.

3. Results

3.1. CBCT Image Display Based on Intelligent �ree-Dimen-
sional Reconstruction Algorithm. -e intelligent three-di-
mensional reconstruction algorithm was adopted to
reconstruct and optimize the CBCTundersampled image of
the selected patient’s teeth, to obtain a fully sampled CBCT
image of the patient’s teeth that restored noise and blur.
Comparative experimental results shown in Figure 2
revealed that the undersampled CBCT images of human
teeth contained more noise and blur, and some structural
images were obviously blurry. After the image was recon-
structed with the regridding model, a CBCT image of the

patient’s teeth with less noise and clearer structure is
obtained.

3.2.�eEffect of Intelligent�ree-DimensionalReconstruction
Algorithm on CBCT Image Processing. Figure 3 shows the
quantitative evaluation results of the intelligent three-di-
mensional reconstruction algorithm on the CBCT image
processing effect. It suggested that the segmentation accu-
racy of the intelligent three-dimensional reconstruction
algorithm was greater than 85.5%, and the UR and OR were
all less than 6%. Compared with the adaptive local threshold
method, the average segmentation accuracy of the improved
intelligent three-dimensional reconstruction algorithm was
84.7%, with an increase of 5.5%; the UR was averaged 5.3%,
with a decrease of 5.7%; and the OR averaged 3.1%, with an
increase of 1.1%. -e results before and after segmentation
were shown in Figure 3.

3.3.�eAccuracy of CBCTin theDiagnosis of DPD. After hip
replacement for the subjects, the postoperative complica-
tions of the subjects were diagnosed through three-di-
mensional CT and X-ray. -e X-ray and CT images of
patients were submitted to the experienced radiologists for
analysis and observation, and the diagnostic effects of X-ray
and three-dimensional CT diagnosis of postoperative
complications were analyzed. -e DPD diagnostic rates of
X-ray and three-dimensional CBCTexamination were 43.7%
and 100%, respectively, and the difference was statistically
significant (P< 0.05). -e specific details are shown in
Figure 4.

3.4. CBCT Analysis of Treatment Effect after DPD Treatment.
In this study, the patients participating in the study un-
derwent a complete root canal therapy, and the average bone
density around the apex of the teeth after root canal therapy
was detected through the three-dimensional reconstructed
CBCT images. In addition, the average bone mineral density
of the patient during the 12 months after treatment was
examined by X-ray, and the analysis of the treatment effect
of the patient’s root canal therapy by the two imaging
methods was compared. Compared with the healthy teeth of
the control group, under the CBCTexamination, the average

INPUT

Output

L1:Conv+BN+ReLu

L2:Conv+BN+ReLu

L3:Conv+BN+ReLu

Figure 1: Schematic diagram of CNN structure.
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bone density of the teeth of the control group after root canal
therapy continued to increase 3 months, 9 months, and 12
months after the surgery and finally had the same bone
density with the healthy teeth. After comparison on the data
between the two groups, it was found that the P value was
less than 0.05, so there was a statistically significant dif-
ference, as shown in Figures 5 and 6.

3.5. Comparison of the Filling Effect of Root Canal �erapy in
DPD. In addition to the analysis of bone density, the effect

of root canal filling in patients after root canal therapy was
analyzed in this study. Based on the three-dimensional
reconstructed CBCT image (as shown in Figure 7), the
underfilling rate of the patient’s root canal therapy was 6
(5%), the proper filling rate was 102 (85%), and the over-
filling rate was 12 (10%).

4. Discussion

DPD is a disease that occurs in the hard tissues of the tooth,
such as tooth decay. Destructive diseases of dental hard
tissues caused by bacterial infection, or necrosis of dental
pulp tissue caused by dental nerves, belong to the scope of
treatment of DPD and also include noncarious diseases, such
as wedge-shaped defects caused by horizontal brushing.
Caries refers to damage to the hard tissue of the teeth caused
by the combined action of multiple factors in the oral cavity,
which is manifested by the demineralization of inorganic
matter and the decomposition of organic matter. As the
course of the disease progresses, there is an evolution process
from color change to substantial lesions, and it is charac-
terized by high incidence and wide distribution. Generally,
the average prevalence of dental caries can be around 50%
[13, 14]. It is the main common disease in the oral cavity and
one of the most common diseases in humans. -eWHO has
listed it alongside cancer and cardiovascular disease as the

Figure 2: CBCT images reconstructed using the regridding algorithm. Note: the part circled in red referred to the diseased part of the
patient’s teeth.

Figure 3: Comparison of the segmentation results of patients’ teeth based on three-dimensional reconstruction algorithms.
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three key human diseases for prevention and treatment. -e
traditional imaging examinations for DPD are generally
X-ray examinations and comprehensive tomographic ex-
aminations, but these examinations are all two-dimensional
imaging examinations [15]. With the gradual increase in the
precision requirements of modern medicine for imaging
examinations, two-dimensional imaging examinations have
gradually been unable to meet the requirements of dentists.

Compared with two-dimensional radiography, the rel-
ative advantages of three-dimensional radiography have
promoted the use of CBCT. CBCTuses cone X-rays and area
detectors for image acquisition because high-precision
three-dimensional images can be obtained. -erefore, since
the introduction of dentistry in 1998, CBCT has been in-
creasingly used for orthodontic diagnosis, treatment plan-
ning, and research. -e three-dimensional craniofacial and
dental morphology of CBCT is very important to define the
normal and abnormal three-dimensional anatomy of the

structure, which may have long-term utility in diagnosis and
treatment planning [16, 17]. According to relevant research
results, CBCT will play a vital role in the following areas in
the future: enhanced diagnosis, such as precise positioning
of affected teeth and supernumerary teeth; quantifying the
severity of craniofacial abnormalities and other defects and
deformities; and improving the differential diagnosis of
bone, dentistry, or combined breast, including identifying
the jaw that causes breast rejection, and determining
whether the difference is bilateral or unilateral, such as
orthopedic surgery, asymmetry, craniofacial abnormalities,
and open bite disease [18].

One of the main advantages of CBCT over two-di-
mensional radiography is that it can provide three-dimen-
sional volume, surface, and partial information about the
craniofacial structure. -is allows orthodontists and re-
searchers in this field to overcome the huge limitations of
two-dimensional radiographs, including magnification,
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Figure 5: Changes in average bone density of teeth after root canal therapy under CBCT.
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geometric distortion, superimposed structures, and incon-
sistent head positions. In the early stages of merging CBCT
for orthodontic purposes, there was a tendency to fold the
three-dimensional data sets into three-dimensional images,
because analyzing images in this way was the only known
professional method to assess the relationship between
dentistry and bone structure [19, 20]. Currently, CBCT can
be used to analyze the three-dimensional craniofacial
anatomy and treatment changes. CBCT can learn a lot from
the two-dimensional caesarean section measurement
method to obtain linear and angular measurements from
three-dimensional images. However, extracting two-di-
mensional measurement results from three-dimensional
images will cause the loss of key three-dimensional infor-
mation and reduce the overall value of the three-dimen-
sional data set. In addition, CBCT also uses shape
correspondence, which determines the displacement of a
given landmark between two time points, and represents
these as vector and color-coded maps to depict the direction
and amount of movement [21, 22]. In the future, similar
methods may replace or supplement the linear and angular
measurements produced by three-dimensional or planar
reconstruction to process and analyze CBCT images.

5. Conclusion

In this study, the three-dimensional reconstruction algo-
rithm was used to reconstruct the CBCT images of DPD
patients, and on this basis, the diagnosis and root canal
treatment of DPD patients were carried out. In addition, it
was compared with the diagnosis and treatment effect under
X-ray detection. It was found that the segmentation accuracy
of the three-dimensional reconstruction algorithm for
CBCT images was 84.7%, with an increase of 5.5%; the
average UR was 5.3%, with a decrease of 5.7%; and the
average OR was 3.1%, with an increase of 1.1%. Under the
monitoring of the three-dimensional reconstruction of

CBCT technology, the average bone density of the test group
patients after 12 months of root canal treatment was the
same as that of healthy people. In addition, the average bone
density of the test group patients under X-ray detection was
still lower than the average bone density of healthy people.
Under the CBCT monitoring of three-dimensional recon-
struction, the underfilling rate, proper filling rate, and
overfilling rate of patients after root canal treatment were
5%, 85%, and 10%, respectively. -is showed that CBCT
technology based on intelligent three-dimensional recon-
struction had a higher application prospect in DPD diag-
nosis and treatment. However, there were many limitations
and deficiencies, such as a single imaging diagnosis method,
insufficient sample size, and insufficient indicators for
evaluating the efficacy of root canal therapy. In future
studies, I would continue to study this topic in depth.
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