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Tis study was aimed to investigate the application value of magnetic resonance imaging (MRI) scanning examination in the
preoperative treatment of functional glioma and to analyze the application efect of nursing intervention in the operating room in
the treatment of fber surgery. In this study, 80 patients with functional glioma were included as research objects and randomly
rolled into the control group (routine nursing) and the experimental group (comfort nursing intervention in the operating room),
with 40 cases in each group. All patients underwent craniocerebral MRI plain scan plus enhanced scan before surgery.Te levels of
the heart rate, systolic blood pressure, diastolic blood pressure, interleukin-6 (IL-6), cortisol, and anxiety before and after the
intervention in the two groups were compared when patients entered the operating room (T1), when anesthesia took efect (T2), at
the end of surgery (T3), when patients regained consciousness after surgery (T4), and 1 day after surgery (T5). MRI showed that
the main glioma sites were located in the basal ganglia region (26.25%), followed by the central region (20.00%) and the Broca
region (17.5%). Te levels of IL-6 at T2, T3, and T4 in the control group were 186.45± 64.55 ng/L, 287.68± 34.59 ng/L, and
488.69± 81.14 ng/L, respectively, which were inferior to those at T2 (167.44± 15.59 ng/L), T3 (186.25± 52.64 ng/L), and T4
(356.57± 48.22 ng/L) in the test group. Te SAS score of the test group after intervention (45.38± 2.02) was lower than that of the
control group (51.03± 3.65) (P< 0.05). Te levels of cortisol in the test group (T2 (8.89 1.23 ng/L), T3 (9.23 1.25 ng/L), and T4
(11.78 1.27 ng/L) were lower than those in the control group (T2 (11.58± 2.48 ng/L), T3 (12.06± 2.82 ng/L), and T4
(13.04± 11.78)). In short, preoperative MRI scanning was benefcial to detect the location of glioma in functional area. Comfort
nursing in the operating room can efectively relieve the anxiety and depression of glioma patients and improve the adverse
psychological conditions of the patients.

1. Introduction

Diferent regions of the cerebral cortex are functionally
specifc and have diferent functions, such as sensation and
movement [1]. Gliomas show invasive growth and are
defned as functional gliomas when they involve cortical or
subcortical structures related to sensory, motor, language,
vision, and other higher cognitive functions. It mainly
includes sensory motor-related functional brain regions,
language-related functional brain regions, and higher

cognitive function-related brain regions [2]. As a brain
tumor disease, glioma is the most common primary ma-
lignant tumor in the brain, accounting for about 40%–50%
of brain tumors, with an annual incidence of 3–8/100,000
[3, 4]. It includes many pathological types, and diferent
pathological types have diferent grades. Te prognosis of
glioma varies with diferent pathological types and grades
[5]. Glioblastoma (GBM) accounts for about 50% of gli-
omas and has a very poor prognosis. After standardized
treatment, the median survival time of GBM is about
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14.6months, and the 5-year survival rate is only 9.8%,
which can be regarded as the “mother of cancer” [6, 7].
Because of this we often think of glioblastoma as a some-
what incurable disease. However, the prognosis of other
types of gliomas is signifcantly better than that of GBM,
and some patients can even survive for more than 10 years.
If glioma patients want to achieve a better survival time,
standardized treatment is the key. At present, the stan-
dardized treatment of glioma includes the following
methods. Surgery: surgery is often the frst step in the
treatment of glioma [8]. It can not only obtain pathological
diagnosis but also remove most of the tumor cells, relieve
the patient’s symptoms, and provide an opportunity for the
next treatment. For some low-grade gliomas (generally
referring to WHO grade I and II), such as pilocytic as-
trocytoma, complete surgical resection can make patients
get a radical cure [9]. At present, glioma surgery has en-
tered the era of minimally invasive surgery. Neuro-
navigation technology, subcortical electrical stimulation
technology, intraoperative nuclear magnetic resonance
imaging, fuorescence imaging, intraoperative B-
ultrasound, and other techniques can help surgeons to
distinguish the boundary more clearly between tumor and
the brain tissue. In order to protect the important neu-
rovascular structures around the tumor, glioma can be
maximally resected under the premise of safety [10].
Intraoperative MRI was the best. In addition to surgery,
radiotherapy, chemotherapy, and targeted therapy can also
be used to improve the quality of life of the patients and
prolong their survival [11].

In recent years, with the continuous promotion of nursing
work in clinical depth, the corresponding preoperative,
intraoperative, and postoperative nursing is also in clinical
application. Tis comprehensive nursing greatly increases
patients’ nursing satisfaction, improves hospital service and
treatment, and helps patients recover better and faster [12].
Comfort nursing is a comprehensive discipline, which enables
people to achieve the most pleasant state in psychology,
physiology, society, and spirituality through the study of
nursing activities and comfort or shorten and reduce the
degree of unhappiness [13]. At present, most patients with
glioma are treated by surgery in clinical practice. However,
surgery is a relatively large stressor, which will bring certain
harm to the physical and mental health of patients with
glioma. Some patients with glioma surgery often sufer from
anxiety, anxiety, fear, and other adverse psychological con-
ditions, which afect the smooth progress of clinical surgery
[14, 15]. Terefore, this work selected the glioma patients in
functional areas as the research objects by integrating the
advantages of comfortable nursing and the psychology of the
glioma patients undergoing surgery. Preoperative magnetic
resonance imaging (MRI) was used to evaluate the glioma
condition of the patients, and microsurgical resection was
performed. Based on diferent nursing strategies, the anxiety
of the patients under diferent nursingmeasures was observed
after operation, so as to determine the intervention efect of
comfortable nursing in the operating room to provide
a certain reference for clinical better treatment and service of
the glioma patients in functional areas.

2. Materials and Methods

2.1. Research Objects. In this research, 80 patients with
glioma in functional areas admitted to hospital from January
2018 to January 2022 were selected as the research subjects.
All patients were randomly rolled into the control group
(routine nursing) and the experimental group (comfort
nursing intervention in the operating room), with 40 cases in
each group. In the experimental group, there were 31 males
and 9 females. Te age distribution range was 32–73 years,
and the mean age was 48.25± 8.27 years. Te course of
disease was 12.54± 3.68months, and the tumor size was
4.62± 1.44 cm. In the control group, there were 29 males and
11 females. Te age distribution range was 30–75 years, and
the mean age was 48.75± 7.56 years. Te course of disease
was 12.36± 3.43months, and the tumor size was
4.48± 1.56 cm. Tere were no signifcant diferences in
gender, age, disease course, and other basic information
between the two groups (P> 0.05), which were comparable.
Te study was approved by the Ethics Committee of Xuanwu
Hospital Capital Medical University. Te patients and their
family members were aware of the content and methods of
the study and agreed to sign the corresponding informed
consent forms.

Inclusion criteria were as follows: (1) patients with
pathological diagnosis of low-grade glioma [16]; (2) patients
aged ≥18 years; and (3) patients with perfect clinical data.

Exclusion criteria were as follows: (1) patients with other
tumors; (2) patients with liver and kidney dysfunction; (3)
patients with multifocal epilepsy; (4) patients who were
unwilling to cooperate with the whole follow-up process;
and (5) patients with mental illness and cognitive
impairment.

2.2. ResearchMethods. A total of 80 patients with glioma in
the functional area were selected as the research object, and
the patients were divided into a test group and a control
group, with 40 patients in each group.Te patients in the test
group were given preoperative, intraoperative, and post-
operative fne care, namely, operating room comfort care,
while the patients in the control group were given routine
care. Te glioma was evaluated preoperatively using MRI
and subsequently resected using microsurgery. Heart rate,
systolic blood pressure (SBP), diastolic blood pressure
(DBP), interleukin-6 (IL-6), and cortisol levels were
recorded at the time of entering the operating room (T1), the
time of anesthesia onset (T2), the end of surgery (T3), the
time of recovery of consciousness after surgery (T4), and one
day after surgery (T5), as well as the anxiety of the patients
before and after intervention. After comparison, the in-
tervention efect of comfortable nursing in the operating
room was obtained.

2.3. MRI Preoperative Evaluation Combined with
Microsurgery. Before surgery, according to the examina-
tion data of difusion tensor imaging, difusion-weighted
imaging, oxygen-dependent functional magnetic resonance
imaging, hydrogen proton magnetic covibration wave
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spectrum, etc., the doctors in the nuclear magnetic labo-
ratory and the surgeons jointly assessed the high and low
grade of glioma, tumor boundary, and the morphological
changes of cerebral cortical fber bundles and the re-
lationship between them and adjacent tumors, so as to
determine the degree of resection. Additionally, they also
determined the scalp incision site to select the surgical
incision and the surgical approach. During the operation,
the functional areas were guided by referring to the results
of DTI to determine the structural and spatial relationship
between the tumor, fber tracts, and important functional
areas. Under the guidance of ultrasound, functional areas
were avoided, and the nearest cerebral sulci and cerebral
gyrus approach to the tumor with no signifcant large blood
vessels was selected to gradually approach the resected
lesions. Under ultrasonic guidance, endoscopic resection
was achieved as far as possible. During the operation, re-
peated ultrasonic exploration was performed to evaluate
the extent of resection and the degree of residual to
maximize the protection of the functional cortex, and the
maximum extent of resection area tumor was performed
under the microscope. Ten, the degree and location of
residual tumor were recorded. After resection, the probe
was used to probe the residual cavity and the peritumoral
surface of the operative area step by step, and the pre-
operative ultrasonic images were compared to determine
whether there was residual or not. Ten, the corresponding
images were retained. All patients underwent the brain
MRI plain scan plus enhanced scan before surgery, and the
MRI scan showed that glioma was located in the
functional area.

2.4. Comfort Nursing in the Operating Room. Operating
room comfort nursing included preoperative, intra-
operative, and postoperative nursing contents (Table 1).

2.5. Observation Indicators. Systolic blood pressure (SBP),
diastolic blood pressure (DBP), heart rate (HR), and
enzyme-linked immunosorbent assay (ELISA) was adop-
ted to measure IL-6 levels, cortisol levels were detected by
radioimmunoassay, and self-rating anxiety scale (SAS)
scores were measured at the time of entry into the operating
room (T1), the time of onset of anesthesia (T2), the end of
surgery (T3), the time of recovery of consciousness after
surgery (T4), and one day after surgery (T5).

2.6. Method of Statistics. In this study, SPSS 23.0 software
package was employed for statistical data analysis. Te
Shapiro–Wilk test was adopted to test whether the data were
normally distributed. Te measurement data conforming to
the normal distribution were compared among multiple
groups by single factor and multiple data means, and the
independent sample t test was utilized between the two
groups. Measurement data that did not conform to normal
distribution were tested by the rank sum test. Counting data
were tested using the χ2 test. According to statistical results,
P< 0.05 was considered statistically signifcant.

3. Results

3.1.MRIExamination of theGliomaGrowth Site. All patients
included in this study were examined for glioma growth sites
in their functional regions using both plain and enhanced
MRI scans of the brain, and the results are shown in Figure 1.
It was visualized that the growth sites of gliomas were ba-
sically located in the basal ganglia, Broca region, simulta-
neous iliac-temporal lobe involvement, central region,
paracentral lobular, occipital lobe, and thalamus. Of which,
the proportion of basal ganglia was as high as 26.25%.

3.2. Comparison of Blood Pressure Changes at Diferent Time
Points. Te diastolic blood pressure of the control group at
T2 was 77.53± 14.23mmHg, which was higher than that at
T1 (71.32± 16.53mmHg), and the diference was statistically
signifcant (P< 0.05). Tere was no signifcant diference in
diastolic blood pressure between the two groups at any
observation time point (P> 0.05). Te details are shown in
Figure 2. In the control group, the systolic blood pressure at
T2 was 128.73± 16.21mmHg, which was higher than that at
T1 (109.68± 18.83mmHg), and the diference was statisti-
cally signifcant (P< 0.05). At T2, the systolic blood pressure
of the test group was higher than that of the control group
(120.56± 18.12mmHg), and the diference was statistically
signifcant (P< 0.05). Tere was no signifcant diference in
systolic blood pressure between the two groups at other time
points (P> 0.05). Te details are shown in Figure 3.

3.3. Comparison of Heart Rate Changes at Diferent Time
Points. Tere was no signifcant diference in the heart rate
between the test group and the control group at each time
point (P> 0.05). Te details are shown in Figure 4.

3.4. Comparison of IL-6 Changes at Diferent Time Points.
Te levels of IL-6 at T2, T3, and T4 in the control group were
186.45± 64.55 ng/L, 287.68± 34.59 ng/L, and 488.69± 81.14
ng/L, respectively, which were increased compared with
154.42± 48.63 ng/L at T1. Te diference was statistically
signifcant (P< 0.05). In addition, the IL-6 levels at T2
(167.44± 15.59 ng/L), T3 (186.25± 52.64 ng/L), and T4
(356.57± 48.22 ng/L) in the test group were lower than those
in the control group at the corresponding time points, and the
diferences were statistically signifcant (P< 0.05). Te details
are shown in Figure 5.

3.5. Comparison of Cortisol Levels at Diferent Time Points.
Te cortisol levels of the control group at T2, T3, and T4
were 11.58± 2.48 ng/L, 12.06± 2.82 ng/L, and
13.04± 11.78 ng/L, respectively, which were increased
compared with 7.22± 2.53 ng/L at T1, and the diferences
were statistically signifcant (P< 0.05). In addition, the levels
of IL-6 at T2 (8.89± 1.23 ng/L), T3 (9.23± 1.25 ng/L), and T4
(11.78± 1.27 ng/L) in the test group were lower than those in
the control group at the corresponding time points, and the
diferences were statistically signifcant (P< 0.05). Te de-
tails are shown in Figure 6.
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3.6. Comparison of Anxiety Scores before and after
Intervention. Tere was no signifcant diference in SAS
scores between the two groups before the nursing in-
tervention (P> 0.05). Te SAS score of the control group
after intervention (51.03± 3.65) was lower than that before
intervention (54.65± 5.34), and the diference was statisti-
cally signifcant (P< 0.05). Te SAS score of the test group
after intervention was 45.38± 2.02, which was lower than
that before intervention (54.66± 5.35), and the diference
was statistically signifcant (P< 0.05). Te SAS score of the
test group after intervention was lower than the control
group, and the diference was statistically signifcant
(P< 0.05). Te details are shown in Figure 7.

4. Discussion

Microsurgery is an important method for the treatment of
glioma. However, as a stressor, surgery will further harm
patients’ physical and psychological health on the basis of
disease damage, causing them to have negative temperament
such as anxiety and fear [17, 18].Terefore, the development
of standardized and comfortable nursing for glioma patients
in microsurgery can correspondingly reduce the perioper-
ative stress reaction of the patients and contribute to the
successful completion of surgery. Comfort nursing in-
tervention is a nursing model developed based on holistic
nursing that takes patients as the center [19]. Tis nursing
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Figure 1: Functional area glioma growth site. A, B, C, D, E, F, and
G represented the basal ganglia region, Broca region, simultaneous
iliac-temporal lobe involvement, central region, paracentral lob-
ular, occipital lobe, and thalamus, respectively.
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Figure 2: Comparison of diastolic blood pressure between the two
groups at diferent time points. ∗Compared with the observation
time point T1 in the same group, P< 0.05.

Table 1: Specifc content of comfort care in the operating room.

Types Nursing contents

Preoperative nursing

Before the operation, medical staf communicated with the patients about their
physical and psychological conditions. Medical staf should pay attention to the tone

and language organization of communication during communication and
intuitively explain the relevant contents after operation to the patients in a simple
way, such as the necessity of operation, the general process of operation, and
precautions before operation, to relieve patients’ preoperative tension, eliminate
patients’ anxiety and other adverse emotions, and increase patients’ confdence in

surgical treatment

Intraoperative nursing

Every operating room nurse should be energetic and focused in the work and
conscientiously implement the operating procedures to ensure the safety of the
patients. Itinerant nurses must know their surgical patients well and be prepared to
take care of them, to fully understand the psychological changes of the patients and
make necessary conversation patients as the center to eliminate their tension.

During the operation, lidocaine gel was used for painless catheterization, and urine
tubes were inserted after anesthesia as far as possible. When placing the patient’s
position, nurses should pay attention to observe and ask whether the patient was
comfortable and make appropriate adjustments, scientifc application of pressure

ulcer protection pad, and efectively protect every patient

Postoperative nursing

After the operation, the medical staf continuously monitored the patients’ ECG,
paid close attention to the changes of the patients’ vital signs and the movements of
their limbs, wiped the residual disinfectant and blood on the patients’ body surfaces,
helped the patients to put on their clothes and bedding, added a bed bar and
fastened their seat belts, and assisted the surgeons and anesthesiologists in

transferring the patients to the ward
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model not only gives the patients full respect, understanding,
and care but also implements warm and thoughtful hu-
manistic nursing services for patients [20]. Terefore,
comfort nursing intervention for patients with glioma

surgery canmeet their psychological and physiological needs
as far as possible. In addition, it can obtain the full un-
derstanding and cooperation of glioma patients, thus
helping to establish a good nurse-patient relationship [21].
Tis work showed that compared with the glioma patients in
the control group, the systolic blood pressure, IL-6 level, and
cortisol level of glioma patients in the experimental group
were lower at T2, and the diferences between groups were
signifcant (P< 0.05). Compared with the glioma patients in
the control group, the levels of IL-6 and cortisol at T3 and T4
in the glioma patients in the experimental group were lower,
and the diferences between groups were signifcant
(P< 0.05). Heart rate and blood pressure are important
related indicators refecting the patient’s cardiovascular
system [22], while IL-6 and cortisol can refect the severity
and condition of the patient’s stress response [23]. Te
results showed that the stress response of the experimental
group was less than that of the control group. It shows that
the patient’s sense of security is improved and pain, fear,
anxiety, and other symptoms are alleviated, in psychological
and physiological satisfaction and security. In addition, in
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Figure 5: Comparison of IL-6 changes between the two groups at
diferent time points. ∗Compared with the observation time point
T1 in the same group,P< 0.05; #compared with the control group at
the same observation time point, P< 0.05.
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Figure 6: Comparison of cortisol levels between the two groups at
diferent time points. ∗Compared with the observation time point
T1 in the same group,P< 0.05; #compared with the control group at
the same observation time point, P< 0.05.
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Figure 7: Comparison of SAS scores before and after nursing
intervention between the two groups. ∗Compared with before the
nursing intervention, P< 0.05; #compared with the control group,
P< 0.05.
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Figure 3: Comparison of systolic blood pressure between the two
groups at diferent time points. ∗Compared with the observation
time point T1 in the same group, P< 0.05; #compared with the
control group at the same observation time point, P< 0.05.
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this work, the SAS score of the glioma patients in the ex-
perimental group after nursing intervention was signif-
cantly lower than that of the glioma patients in the control
group, and the diference between the groups was signifcant
(P< 0.05). It shows that comfort nursing for patients with
glioma can obviously relieve their anxiety and improve their
bad psychology, which is worthy of popularization in clinical
practice. In the study of Lank et al. [24], the experimental
group adopted preoperative comfort nursing and intra-
operative and postoperative comfort intervention and the
results showed that the scores of anxiety and depression in
the observation group were lower than those in the control
group after intervention, showing P< 0.05. Te results are
similar. In addition, in the study of Meneguin et al. [25],
serum cortisol of the observation group was lower than that
of the control group after operation, and the diference was
statistically signifcant; and it suggested that microsurgery
can enhance the stress response of the body, and comfort
nursing can reduce the stress response stimulation and
maintain a good physical and mental state. Tis result is also
consistent with the results of this work.

 . Conclusion

Tis study was aimed to investigate the application value of
MRI scanning examination in the preoperative treatment of
functional glioma and to analyze the application efect of
nursing intervention in the operating room in the treatment
of fber surgery. Te results showed that the preoperative
MRI scan was benefcial to detect the location of glioma in
the functional area. Moreover, comfort nursing in the op-
erating room can efectively relieve the anxiety and de-
pression of glioma patients and improve the adverse
psychological conditions of the patients. However, due to the
limitation of disease types, the sample size included in this
study is small and the sample sources are concentrated,
which may have certain infuence on the fnal research
results and lack of persuasion. Terefore, it is necessary to
improve and optimize this aspect in the subsequent research.
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To investigate the efects of early nursing intervention on brain injury among premature infants, 100 premature infants diagnosed
with brain injury were included in the research and randomly divided into the control group (50 cases) and the experimental
group (50 cases). Te patients in the two groups were performed with the same conventional comprehensive treatment. Te
patients in the control group received conventional nursing while those in the experimental group underwent early nursing
intervention. During follow-up, neurodevelopment, motor behavior, the incidence rate of brain injury, and nursing satisfaction of
the infants in the two groups were compared. It was demonstrated that the fve neurodevelopment scores of the experimental
group were all higher than those of the control group. Te diferences showed statistical signifcance (P< 0.05). Te total efective
rate of motor development of the experimental group reached 94%, while that of the control group amounted to 80%. Obviously,
the total efective rate of motor development of the experimental group was higher than that of the control group. Te diference
was statistically signifcant (P< 0.05). Te nursing satisfaction of the experimental group reached 98%, which was apparently
higher than that of the control group (74%). Te diference suggested statistical signifcance (P< 0.05). Te rates of brain injury at
1 and 2 years after the birth of the experimental group were 6% and 2%, respectively.Te rates of brain injury at 1 and 2 years after
the birth of the control group amounted to 18% and 14%, respectively. Te rates of brain injury at 1 and 2 years after the birth of
the experimental group were lower than those of the control group. Te diference revealed statistical signifcance (P< 0.05).
Hence, the early nursing intervention of premature infants with brain injury could promote brain development, improve
neurological function, reduce the incidence of brain injury, and achieve an ideal nursing efect.

1. Introduction

Preterm infants refer to newborns whose gestational age is
less than 37 weeks. In recent years, with the progress of
medical technology, the birth rate and survival rate of
preterm infants around the world have increased remarkably
[1]. However, due to the immature development of some
tissues and organs of premature infants, some complications
are easily caused. Investigation showed that among all
complications of premature infants, the incidence rate of
brain injury in preterm infants (BIPI) can reach approxi-
mately 15% [2]. Nearly half of the premature infants born in
China every year will sufer from brain injury, which usually

includes intracranial hemorrhage, white matter injury, ce-
rebral infarction, and intracranial infection. A brain injury
will lead to neurological damage in children, with varying
degrees of impairment in motor function, intelligence,
emotional ability, vision, and other aspects, which will re-
markably reduce the quality of life of children.

Premature infants are prone to brain injury due to
premature separation from the mother, insufcient ges-
tational age, immature brain development, and low sen-
sitivity to a hypoxic environment. Brain injury is mainly
caused by infection. Premature rupture of membranes and
chorioamnionitis can lead to infection in premature in-
fants. In addition, fetal asphyxia, shock, and abnormalities
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of the mother’s placenta, and umbilical cord also afect the
neurons of children and cause brain injury. BIPI comes in
two forms, namely, hemorrhagic and nonhemorrhagic
brain damage. Te former can lead to neurodevelopmental
disorders in severe cases, and the latter can lead to visual
and hearing impairment in severe cases. Immediate in-
tervention can reduce the risk of complications in pre-
mature infants. At present, the prevention methods of
premature brain injury mainly include prenatal use of
MgSO4 and postpartum use of erythropoietin [3–8]. In
addition to providing symptomatic treatment, it is neces-
sary to identify as early as possible children who may
encounter such conditions during late development. With
the development of science and medical research, imaging
examination has been widely used and accepted by the
public. It has become an indispensable method to diagnose
premature brain injury. Amplitude-integrated electroen-
cephalography (aEEG) and magnetic resonance imaging
(MRI) can be used for the real-time monitoring of pre-
mature infants and as predictive indicators for the di-
agnosis of brain injury in premature infants. AEEG can
perform bedside monitoring for premature infants, display
amplitude waves of EEG signals, and understand their
neurophysiological activities. Tis method is intuitive,
simple, noninvasive, and efcient [9–12]. MRI can detect
small brain abnormalities and intracranial bleeding and
accurately detect the scope and size of the lesion site. Its
sensitivity and specifcity are extremely high. MRI can
predict the neurodevelopment of preschool-age infants
when the gestational age is corrected to full term. Te
combination of the two imaging examination methods can
provide a reliable basis for doctors to diagnose premature
brain injury, avoid misdiagnosis and missed diagnosis, and
improve the diagnosis rate [13, 14]. According to the results
of aEEG and MRI, doctors can formulate appropriate
treatment plans to prevent more sequelae, improve the
condition of premature infants with brain injury, improve
the survival rate of premature infants, and reduce the
burden on families and society.

Te adoption of correct and efective early nursing
measures for premature infants with brain injury can pro-
mote the growth and development of children, reduce
complications and the treatment time, alleviate the condi-
tion of children, and improve the cure rate, which is of great
signifcance for the treatment of premature infants with
brain injury. One hundred premature infants diagnosed
with brain injury by aEEG and MRI imaging examinations
were recruited. According to the random principle, they
were divided into the control group and the experimental
group. Te two groups of patients received the same con-
ventional comprehensive treatment. Tose in the control
group received conventional nursing, while those in the
experimental group were given visual, motor, intelligence,
and other aspects of early nursing intervention. Te two
groups of children were compared regarding neurological
development, motor behavior, brain injury rate 1 year and
2 years later, and nursing satisfaction score to explore the
clinical efcacy of the early nursing intervention on pre-
mature brain injury.

2. Methods

2.1. Basic Data. In this study, 100 premature infants de-
livered in a hospital with gestational age less than 37 months
and confrmed by aEEG andMRI imaging examination were
included. Tey were randomly divided into a control group
and an experimental group. In the control group, there were
50 premature infants, including 28 males and 22 females,
with a gestational age of 29–37 weeks. Te average gesta-
tional age was 33.5± 3.2 weeks, body weight was
920–2,600 g, and average body weight was 1,480± 350 g. In
the experimental group, there were 26 males and 24 females
with gestational ages of 28–36 weeks. Te mean gestational
age was 31.7± 3.6 weeks, the body weight was 890–2,700 g,
and the mean body weight was 1,390± 320 g. Tere was no
great diference between the control group and the exper-
imental group in sex, body weight, gestational age, or other
general data, P> 0.05, which was comparable. All guardians
signed informed consent forms, and the study was approved
by the ethics committee of the hospital.

Inclusion criteria were as follows: (i) premature infants
with a gestational age over 28 weeks but less than 37 weeks;
(ii) no history of sufocation; (iii) the mother had no serious
complications. Exclusion criteria were as follows: (i) con-
genital malformation; (ii) severe hypoxic-ischemic
encephalopathy.

2.2. AEEG Monitoring and MRI Examination. Preterm in-
fants with suspected brain injury were admitted for aEEG
monitoring within 3 days of birth and head MRI exami-
nation at 40 weeks.

AEEG monitoring was as follows. Te brain function
monitor was used to perform operations according to rel-
evant standards. Each monitoring time was over 2 h, and
continuous monitoring was performed for 3 days. To avoid
interference, sedatives, anesthetics, and antiepileptic drugs
should not be used in the monitoring process, and the data
whose impedance was higher than 10Ω in the aEEG
monitoring data obtained should be discarded. Te data
obtained were obtained by two qualifed physicians.

A head MRI examination was performed as follows: the
child’s head was fxed with a sponge pad using a head or-
thogonal coil. A 1.5 T MRI scanner was used, and the ex-
aminations included T1-weighted, T2-weighted, and
difusion-weighted imaging (T1W1, T2W1, and DW1).
Normal neonatal brain MRI signals were as follows: T1W1:
high cortex, low white matter, high myelination, low cere-
brospinal fuid, low skull, and high fat; T2W1: low cortex,
high white matter, lowmyelination, high cerebrospinal fuid,
low skull, and high fat. MRI signals of common lesions were
as follows: T1W1: high bleeding, low infarction, low edema,
and low softening; T2W1: low bleeding, high infarction, high
edema, and high softening.

2.3.Nursing Intervention. Both groups underwent aEEG and
MRI imaging examinations and received the same con-
ventional comprehensive treatment, including drugs and
routine health care. Te control group received intervention

2 Concepts in Magnetic Resonance Part A, Bridging Education and Research



according to routine nursing requirements for premature
infants, and the children’s basic state (including spirit,
nutrition, sleep, and diet) was observed and recorded. Te
basic physical signs of the children and appropriate tem-
perature and humidity were maintained, and relevant health
guidance was provided. Te experimental group of children
received the early nursing intervention.

According to gestational age and degree of brain injury,
early nursing programs were made for the children in the
experimental group. First, the medical staf needed to create
a comfortable environment for the children, and the “bird’s
nest” posture was established to ensure that children had the
appropriate and correct posture. Second, the medical staf
should gently stimulate the children to make them feel
similar to the environment in the womb, maintain their
breathing rate, and avoid overstimulation. Tird, the
medical staf touched the children and adjusted the indoor
temperature and humidity to maintain the temperature at
22–24°C and humidity between 50% and 60%. Te nursing
staf frst washed their hands, then rubbed their hands with
massage oil and heat, and then touched the children. Fifteen
repeated strokes were performed on each part, including the
head, chest and abdomen, back, hands, feet, and limbs.
Fourth, the medical staf explained the content and purpose
of early nursing intervention to the guardians, popularized
training methods and nursing knowledge, and urged parents
to participate in the early nursing of children. Te medical
staf guided parents to carry out early training and exercise
children’s motor ability and visual perception ability. For
example, parents can play nomore than 50 dB of relaxed and
cheerful music every day for music intervention. Regular
baby exercises were performed, such as the use of bell

training motor ability. Parents can communicate with
children to promote brain development. Te neuro-
behavioral and motor abilities of the two groups were fol-
lowed up. During training, children should follow the law of
movement and development, avoiding excessive
stimulation.

2.4. Indicators. Te children were followed up, and the
neurological development and motor development of the
children were measured. AEEG and MRI were used to
examine the brain injury rate of the children and collect the
nursing satisfaction score. (I). Neonatal Behavioral Neu-
rological Assessment (NBNA) was used to evaluate the
neural development of fve indexes, namely, primitive refex
ability, behavioral ability, active muscle tension, passive
muscle tension, and general reaction ability. Te higher the
score, the better the development. (II). Sixty-one motor
measurement indexes were evaluated by using the infant
development test of the Child Development Center of China
(CDCC) to evaluate the children’s motor coordination and
skill and behavioral ability. Te scores were graded into fve
criteria, and the calculation efciency was excellent (≥130
points), good (120–129 points), normal (110–119 points),
low (90–109 points), and defective (< 80 points). (III). Te
children in the two groups were examined by aEEG andMRI
at one year and two years after birth to analyze the rate of
brain injury. (IV). A questionnaire survey was conducted,
and the guardian scored nursing satisfaction in the form of
anonymity.Te full score was 100, and the evaluation was set
as three levels as follows: very satisfed (≥ 90 points), satisfed
(70–89 points), and dissatisfed (< 70 points).

Effective rate of motor development �
(excellent + good + normal)cases

total cases
× 100%,

Brain injury rate �
number of brain injury

total number of each group
.

(1)

2.5. Statistical Methods. All data were statistically analyzed
by SPSS 26.0. Count data were tested by χ2 test, and mea-
surement data were tested by t-test and were expressed as the
mean± standard deviation (x± s). P< 0.05 indicated a con-
siderable diference; otherwise, P> 0.05 indicated no sta-
tistical signifcance. Te measurement data included the
NBNA score and CDCC score.

3. Results

3.1. AEEG and MRI Imaging Results. Figures 1 and 2 below
show the aEEG and MRI images of children with diferent
brain injuries, respectively. Te aEEG images showed
continuous high-amplitude waves, and the patients exam-
ined by MRI had epidural hemorrhage (EDH).

3.2. Comparison of Neurodevelopmental Status. Te fve
indicators of behavioral neuropathy in the experimental
group, namely, original refex ability, behavioral ability, active
muscle tension, passive muscle tension, and general reaction
ability scores, were higher than those in the control group.
Te total score was higher than that in the control group, and
the development was stronger than that in the control group.
Te diferences were considerable (P< 0.05) (Figure 3).

3.3. Comparison of Motor Behavior. 61 physical activity
measurements were evaluated by CDCC in both groups. In
the experimental group, 17 cases were excellent (34%), 19
cases were good (38%), 11 cases were normal (22%), 2 cases
were low (4%), and 1 case was defective (<2%). In the control

Concepts in Magnetic Resonance Part A, Bridging Education and Research 3



group, 11 cases were excellent (22%), 15 cases were good
(30%), 14 cases were normal (28%), 6 cases were low (12%),
and 4 cases were defective (<8%). Te motor development

rate of the experimental group was higher than that of the
control group, and the diference between the two groups
was considerable (P< 0.05) (Figure 4).

T1W1

(a)

T2W1

(b)

DW1

(c)

Figure 2: MRI imaging of premature infants with brain injury: (a) T1-weighted image; (b) T2-weighted image; (c) difusion-weighted
imaging.

5.81 5.68

7.69 7.62

11.21

5.01 5.12

6.75 6.98

9.01

0

2

4

6

8

10

12

Raw reaction 
capacity

General reaction 
capacity

Active muscle 
tone

Passive muscle 
tension

Active ability

Sc
or

e 

Experimental group
Control group

# #

# #

#

Figure 3: Comparison of neurodevelopmental status between the two groups (n� 50). #Compared with the control group, P< 0.05.

Figure 1: AEEG imaging of premature infants with brain injury.
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3.4. Comparison of Brain Injury Rates at One Year and Two
Years after Birth. In the experimental group, the rates of
brain injury at 1 year and 2 years after birth were 6% (3 cases)
and 2% (1 case), respectively. In the control group, the rates
of brain injury at 1 year and 2 years after birth were 18% (9
cases) and 14% (7 cases), respectively. Te diference in the
interbrain injury rate between the two groups was consid-
erable (P< 0.05) (Figure 5).

3.5. Comparison of Nursing Satisfaction. In the experimental
group, 52% (26) were very satisfed, 46% (23) were satisfed,
2% (1) were dissatisfed, and 98% (49) were satisfed. In the
control group, 24% (12) were very satisfed, 50% (25) were
satisfed, 26% (13) were dissatisfed, and 74% (37) were
satisfed. Te diference in total nursing satisfaction between
the two groups was considerable (P< 0.05) (Figure 6).

4. Discussion

Premature infants are prone to brain damage due to pre-
mature separation from the mother, insufcient gestational
age, immature brain development, and low sensitivity to
anoxic environments. As a result, diferent degrees of
movement, intelligence, emotion, vision, and other disor-
ders occur in children, which results in many sequelae and
remarkably reduces their quality of life [15–17]. Research
analysis found that the main causes of premature brain
injury are as follows: (i) premature cells and organs are not
mature and vulnerable to interference of various factors, and
white matter is easily damaged, resulting in ventricular
hemorrhage; (ii) premature infants sufer from insufcient
blood supply to the brain and nervous system due to poor
regulatory function; (iii) premature infants have un-
derdeveloped brains and poor endocrine function and are
prone to various problems caused by external factors [18].
Te application of aEEG and MRI can identify children who
may experience brain injury in later development as early as
possible, remarkably reduce sequelae, improve the survival

rate of premature infants, and relieve the burden on families
and society. Correct and efective early nursing measures for
premature infants with brain injury can promote the growth
and development of infants, reduce complications and
treatment time, relieve the illness of infants, and improve the
cure rate, which is of great signifcance for the treatment of
premature infants with brain injury [19]. To explore the
clinical efcacy of the early nursing intervention on brain
injury in premature infants, 100 cases of premature infants
diagnosed with brain injury by aEEG and MRI imaging
examination in the hospital were included. According to the
principle of randomness, they were divided into a control
group with 50 cases and an experimental group with 50
cases. Both groups received the same conventional combi-
nation therapy. Te control group was given routine
nursing, while the experimental group was given visual,
motor, intelligence, and other aspects of early nursing in-
tervention. Neurological development, motor behavior,
brain injury rate, and nursing satisfaction score were
compared between the two groups after one and two years.
Te diferences in gender, gestational age, and weight be-
tween the two groups showed no statistical signifcance but
comparability (P> 0.05).

According to the research results, the scores for fve
indicators of behavioral neuropathy, namely, original
refex ability, behavioral ability, active muscle tension,
passive muscle tension, and general reaction ability, the
total efective rate of motor development assessed by
CDCC, and nursing satisfaction in the experimental group
were all higher than those in the control group (P< 0.05).
Te early nursing intervention involved posture, early
training, and touch. A comfortable and safe environment
should be created for premature infants to help them
adapt to in vitro environment as soon as possible. Te
early nursing intervention combined with conventional
nursing for premature infants with brain injury could
improve infants’ behavioral and communicative abilities,
promote brain development, improve neurological
function, and accelerate recovery. In general, it is bene-
fcial to infants’ physical and mental health as well as
intelligence. Te rates of brain injury in infants in the
experimental group at 1 and 2 years after birth were both
higher than those in the control group (P< 0.05), in-
dicating that early nursing intervention could remarkably
reduce brain injury. After premature infants undergoing
early nursing intervention are discharged from the hos-
pital, their parents should carry out conventional nursing
to keep comfortable temperature and humidity and ensure
normal basic vital signs. Breastfeeding was the preferred
feeding method for premature infants because it could
promote neurodevelopment [20]. Te family intervention
was emphasized during the early nursing intervention.
Parents assisted patients to complete all activities, helped
improve the compensation function of their brains, and
promoted their intelligence, physical, and mental devel-
opment. Te research results suggested that early nursing
intervention achieved ideal nursing efects. It was the
preferred option for brain injury among premature in-
fants and a purposeful and planned intervention scheme.
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Figure 4: Comparison of motor development between two groups.
∗compared with the control group, P< 0.05.
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5. Conclusion

Te results indicated that the scores for fve indicators of
behavioral neuropathy, the total efective rate of motor
development, and the total satisfaction of the experi-
mental group were all higher than those of the control
group. In contrast, the incidence rate of brain injury at 1
and 2 years after birth was lower than that of the control
group. However, there were still some disadvantages to the
research. Firstly, the communication with patients’ par-
ents was insufcient during early nursing intervention for
the experimental group, which might make it impossible
to realize the optimal nursing and training for patients.
Secondly, the included cases were insufcient, which
might lead to data errors. To sum up, early nursing in-
tervention for premature infants with brain injury could
improve neurological function and reduce the incidence
rate of brain injury. Te research provided data support
for the investigation into the clinical efects of early
nursing intervention on brain injury among premature
infants.
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Tis research was aimed to investigate the magnetic resonance imaging (MRI) features of brain structure and neuroendocrine
levels in patients with frst-episode schizophrenia. 25 hospitalized patients with frst-episode schizophrenia were selected as the
observation group, while 25 healthy people were selected as the control group. All the objects underwent MRI examination, and
the images as well as gray matter density of the original image data were analyzed under voxel-based morphometry (VBM). Te
cortisol and prolactin in the observation group were detected, and the levels were compared.Te Pearson correlation analysis was
adopted to analyze the correlation between cortisol and prolactin levels and the total score of the Positive and Negative Syndrome
Scale (PANSS). Te results showed that the gray matter volume of the precentral gyrus, superior frontal gyrus, middle frontal
gyrus, inferior frontal gyrus, postcentral gyrus, inferior parietal lobule, superior parietal lobule, and anterior cingulate cortex of the
observation group decreased, while the volume of cerebellar gray matter increased. Te levels of cortisol and prolactin in the
observation group (387.54± 117.69 μg/L and 804.16± 267.13 μIU/mL, respectively) were signifcantly higher than those in the
control group (138.46± 62.47 μg/L and 397.54± 203.82 μIU/mL, respectively), and the diferences were statistically signifcant
(P< 0.05). Te results of the Pearson correlation test showed that the higher the cortisol level, the more severe the schizophrenia
(r� 0.421 and P � 0.013), while the prolactin level was not directly related to the severity of schizophrenia (r� 0.019 and
P � 0.568). In conclusion, the MRI features based on the VBM technology can accurately assess the changes of gray matter; the
levels of cortisol and prolactin in patients with frst-episode schizophrenia were signifcantly higher than those in healthy people;
and the higher the cortisol level, the more severe the schizophrenia symptoms. Tis study provided a certain research basis for
MRI features of brain structure and neuroendocrine changes in patients with frst-episode schizophrenia.

1. Introduction

Schizophrenia is a group of severe mental illnesses of un-
known etiology, mostly slow or subacute in young adults. It
usually presents clinically as a syndrome with various
symptoms, involving sensory, perceptual, thinking, emo-
tional, and behavioral disturbances, as well as uncoordinated

mental activities [1]. Patients with schizophrenia have clear
consciousness and normal intelligence in daily life, but some
patients will have cognitive impairment as the disease
progresses. Te course of the disease is generally protracted,
repeated, aggravated, or worsened. Some patients will
eventually experience mental decline and mental disability,
but some patients can maintain or basically recover after
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treatment [2]. Schizophrenia is a clinical syndrome con-
sisting of a group of symptoms. It is a multifactorial disease.
Te possible causes of current research include family in-
heritance, personality disorders (introversion, withdrawal,
and stubbornness), and frequent life (psychological) blows
[3]. First-episode schizophrenia is defned as having been
evaluated for treatment for the frst episode of psychosis
associated with schizophrenia spectrum disorder. Patients
have a transitional process from mental health to mental
illness. Patients frst develop some symptoms such as de-
pression, anxiety, obsessive-compulsive behaviors and ob-
sessions, and insomnia and then progress to some mild
psychotic symptoms, such as self-talk, transient hallucina-
tions, and personality changes [4, 5]. If there is no in-
tervention at this time, it will progress further, resulting in
obvious psychotic symptoms, until the fnal ofcial diagnosis
of schizophrenia. Treatment of patients with frst-episode
schizophrenia must follow the principles of comprehensive
therapeutic management, including pharmacotherapy,
psychotherapy, and social therapy, and plans for future
maintenance therapy to prevent recurrence [6].

Magnetic resonance imaging (MRI) technology is based
on the principle of nuclear magnetic resonance imaging. It
has the advantages of noninvasive and precise positioning. It
is one of the important technologies in medical imaging.
Brain function research has always been a very challenging
topic, and this research direction has a signifcant role in
promoting the feld of neurology and clinical diagnosis [7].
According to a study [8], the gray matter volume of
schizophrenia patients was reduced compared with normal
healthy people by MRI features. At the same time, some
scholars pointed out [9] that there is a certain relationship
between the reduction of gray matter volume and the
psychiatric symptoms and the severity of cognitive im-
pairment in patients with schizophrenia. Several studies
have found [10] that changes in gray matter volume have
high diagnostic value in clinically distinguishing schizo-
phrenia, bipolar disorder, and normal healthy populations.
Voxel-based morphometry (VBM) is a technique for ana-
lyzing brain magnetic resonance images at the voxel level. It
is a method to calculate the voxel size and specifc structure
concentration of local structures (such as brain gray and
white matter) automatically and objectively by applying the
voxels of spatially normalized images to evaluate the dif-
ferences in brain anatomy from an overall perspective
[11, 12]. At present, it is widely used in the quantitative
analysis of the morphological structure of the whole brain
under normal brain aging and pathological conditions.

Tere is also an important research direction in the etiology
of schizophrenia, that is, neuroendocrine. Neuroendocrine ab-
normalities can cause changes in hormone levels, leading to
mental and behavioral abnormalities in patients [13], among
which cortisol and prolactin are strongly correlated with mental
abnormalities. Cortisol is a kind of epinephrine produced by the
human body in response to stress. Te abnormal activity of the
hypothalamic-pituitary-adrenal axis will lead to excessive se-
cretion of cortisol, and the increase of its level is related to
abnormal cognitive, emotional, and memory functions. Per-
formance is correlated [14, 15]. Prolactin is a protein hormone

produced by lactating cells in the anterior pituitary gland and is
an important neuroendocrine factor. Pathological changes in the
hypothalamic-pituitary-gonadal axis will change the level of
prolactin. In addition, the release of prolactin is modulated and
inhibited by the dopamine system, so it can be used as an
observation standard for evaluating dopamine activity [16, 17],
which shows that patients with schizophrenia may have ab-
normal dopamine function.

In this research, the voxel-based morphological analysis
methodwas used to analyze the graymatter structure of the gray
matter of frst-episode schizophrenia and to detect the levels of
cortisol and prolactin in plasma.Te objective was to investigate
the magnetic resonance imaging features of brain structure in
patients with frst-episode schizophrenia and to explore the
pathological signifcance of neuroendocrine levels in schizo-
phrenia, so as to provide a theoretical reference for the pathology
of schizophrenia.

2. Materials and Methods

2.1. Research Objects. A total of 25 patients with frst-episode
schizophrenia admitted to the hospital from May 2019 to De-
cember 2021 were selected and set as the observation group.
Tere were 15 males and 10 females, with an age range of
18–35 years and an average age of 23.4±1.5 years. 25 healthy
people who underwent physical examination in the hospital
during the same period were selected as the control group,
including 13 males and 12 females, with an age range of
19–34 years and an average age of 22.3±1.7 years. Both the
control group and the observation group received MRI ex-
amination, and the levels of cortisol and prolactin of patients in
the observation groupwere detected.Te research objects agreed
to sign informed consent forms with the consent of their family
members. Tis research had been approved by the ethics
committee of hospital.

2.1.1. Inclusion Criteria. Inclusion criteria include patients
whose diagnosis meeting the diagnostic criteria for schizo-
phrenia in “Chinese Classifcation and Diagnostic Criteria for
Mental Disorders” [18]; patients with frst onset and no drug or
psychological treatment; patients with no history of drug use;
patients with no history of alcohol abuse within 3 months; and
patients with complete clinical data.

2.1.2. Exclusion Criteria. Exclusion criteria include patients
with organic mental disorders, mood disorders, and mental
disorders caused by psychoactive substances; patients with
serious physical diseases; those with a history of epilepsy or
febrile convulsion; those who had attempted suicide; those
with poor compliance and who were unable to cooperate
with the experiment, or who had no guardian; pregnant or
lactating women; and patients with contraindications to
magnetic resonance scanning.

2.2. MRI Examination and Image Processing. 3.0T MRI
system with 8-channel standard head coil was used. Before
the examination, the objects were confrmed to have no
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metal or magnetic substances, and the cranial MRI exam-
ination was performed in the supine position. Te head was
fxed to prevent artifacts, and conventional weighted T1 and
T2 scans were given to monitor the morphological ap-
pearance of the brain and obtain brain anatomical images.
Scanning parameters were set as follows: time of repetition
(TR)/time of echo (TE)� 8.2/3.2ms, matrix was 256× 256,
and layer thickness was 1mm. After scanning, the scanned
image was transmitted to the image processing system for
subsequent processing.

FSL-VBM analyzed its gray matter structural changes
and processes Tl 3D high-resolution images. In the frst
step, the average symmetrical template of the brain was
established, and the initial MRI image was converted into
an image with a size of about 1 × 1 × 1mm3, and the T1
template was constructed by spatial smoothing. In the
second step, the gray matter template was established, the
initial MRI image was registered to the T1 template, and
the gray matter was extracted and segmented. In addi-
tion, Gaussian smoothed space and averaged superpo-
sition were performed. Te third step was to create
a mirror image for all study objects. Te fourth step was
to segment the mirror images and initial MRI images of
all objects to the generated template, standardize the gray
matter template established by the initial gray matter
image, apply the standardized parameters to the initial
image, and obtain the fnal standardized brain image. It
should segment the normalized image and smooth the
gray matter image.

2.3. Detection of Neuroendocrine Levels. Te patients were
tested for cortisol and prolactin. At 8:00 in the morning,
the venous blood was drawn when the patients were in
a fasting state, left standing for half an hour, and
centrifuged at 3,000 r/min to extract serum. Chem-
iluminescence immunoassay was used for the de-
termination. Te reagents and measuring instrument
were ELISA kits and electrochemiluminescence
immune-analyzer, respectively. Te calibration curve
and the radioactivity values of the specimens were
printed with a c-scintillation counter. Te normal ref-
erence value at 8:00 in the morning ranged
140–630 nmol/L.

Prolactin was detected using the chemiluminescence
method and counted using a c-counter. Te reference in-
terval was 4.79–23.3 ng/mL. When the prolactin level was
higher than the upper limit, it was determined that the
prolactin was abnormally elevated. When the prolactin level
was lower than the upper limit, the level was relatively low.

2.4.Psychiatric SymptomAssessment. Severity of symptoms
was assessed using Positive and Negative Syndrome Scale
(PANSS), which was adapted from a combination of the
Brief Psychiatric Scale and the Psychopathological Rat-
ing Scale. It was mainly suitable for adults. Te psy-
chiatrist who had been trained in the use of the scale
conducted psychiatric examination of the patients and
evaluated the relevant information provided by the

comprehensive clinical examination and the insiders.
Te time frame for the assessment was specifed as all the
information in the week preceding the assessment, and
the entire assessment took approximately 30–50 minutes.

Te PANSS consisted of a 7-item positive symptom
scale, a 7-item negative symptom scale, and a 16-item
general psychopathology subscale. Te positive symptom
scale was composed of delusion, conceptual confusion,
hallucinatory behavior, excitement, exaggeration, suspicion
or victimization, and hostility. Te negative symptom scale
included afective retardation, emotional withdrawal, af-
fective communication disturbance, passiveness or apathy,
abstract thinking, lack of spontaneity and fuency in con-
versation, and stereotyped thinking. Te general psycho-
pathology subscale was made up of worry about physical
health, anxiety, guilt ideas, nervousness, posturing, de-
pression, slow movement, uncooperativeness, abnormal
thinking, orientation disorder, attention disorder, lack of
self-knowledge, volitional disorder, impulse control disor-
der, preoccupation, and active social avoidance. Each item
was rated using a 7-point scoring method (none, very mild,
mild, moderate, slightly severe, severe, and extremely se-
vere). Te scores of the positive symptom scale, negative
symptom scale, and general psychopathology subscale
ranged from 7 to 49, 7 to 49, and 16 to 112, respectively. Te
total score was the sum of scores of the three subscales,
ranging 30–210. Te PANSS score was closely related to the
clinical features of schizophrenia. Te higher the PANSS
score is, the more severe the positive, negative, and general
psychiatric symptoms of patients are.

2.5. Statistical Analysis. SPSS 24.0 software was used for
statistical analysis of the obtained data. Measurement
data were expressed as the mean +standard deviation
(x± s), and count data were inferred by χ2 test. Te
measurement data conformed to the normal distribution,
and the t test was used. Te correlation analysis between
the indicators was performed by the Pearson test. Te r
value represents the correlation coefcient between
variables in the sample, indicating the size of the cor-
relation; the P value was the test value, which was to test
whether the two variables have the same correlation as
the sample in the population from which the sample
came. Te larger the absolute value of the correlation
coefcient r, the stronger the correlation: the closer the
correlation coefcient r was to 1 or −1, the stronger the
correlation, and the closer the correlation coefcient was
to 0, the weaker the correlation. Te correlation strength
of variables was judged by the following value ranges:
correlation coefcient 0.8–1.0 meant very strong corre-
lation, 0.6–0.8 meant strong correlation, 0.4–0.6 meant
moderate correlation, 0.2–0.4 meant weak correlation,
and 0.0–0.2 meant very weak correlation or no corre-
lation related. Te FMRIB software library was used to
analyze the gray matter density of the mirror image and
the original image data based on VBM, and the in-
ternational statistical parameter map was used to rep-
resent it. P< 0.05 was considered statistically signifcant.
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3. Results

3.1. Comparison on General Clinic Data. Table 1 shows that
there was no statistical signifcance in general clinical data
such as age, gender ratio, and course of disease in the two
groups of objects (P> 0.05), which were comparable.

3.2. Brain Structure Detection Results Based on VBM. As
shown in Table 2 and Figure 1, the voxel-based morphometric
results found that the diferences between the observation group
and the control group were more obvious. Te patients in the
observation group had obvious graymatter volume reduction in
the frontal lobe and cingulate cortex, mainly including pre-
central gyrus, superior frontal gyrus, middle frontal gyrus, in-
ferior frontal gyrus, postcentral gyrus, inferior parietal lobule,
superior parietal lobule, and anterior cingulate cortex (P< 0.05,
corrected by TFCE). As shown in Table 3 and Figure 2, the
voxel-based morphometric results showed that compared with
the control group, patients in the observation group had in-
creased graymatter volume in some regions (P< 0.05, corrected
by TFCE), mainly located in the cerebellum.

3.3. Comparison of Cortisol and Prolactin Levels. As shown in
Figure 3, the plasma cortisol level of the observation group was
387.54±117.69μg/L, which was signifcantly higher than that of
the control group (138.46±62.47); the prolactin level of the
observation group was 804.16±267.13μIU/mL, which
was signifcantly higher than that of the control group
(397.54±203.82), and the diference was statistically signifcant
(P< 0.05).

3.4. Pearson Correlation Analysis. As shown in Table 4, the
Pearson correlation analysis between the plasma cortisol level of
the observation group and the PANSS total score was r� 0.421
and P � 0.013, indicating that the higher the cortisol level, the
more severe the patient’s schizophrenia.Te Pearson correlation
analysis between the prolactin level and the PANSS total score in
the observation group was r� 0.019 and P � 0.568, and the
signifcance test failed, indicating that there was no statistical
correlation between the two.

4. Discussion

Schizophrenia is a rare psychiatric disorder whose etiology is
still being explored, along with the potential for chronic
disability. Tis disease is probably caused by a large number
of cerebral nerve cell lesions, showing a progressive

development trend, and it is also accompanied by a variety of
cognitive dysfunctions. Human brain activity is realized
through a complex network system. Te study by Guo et al.
[19] showed that functional connectivity disorder caused by
abnormal gray matter structure in various brain regions was
one of the important factors for the onset of schizophrenia
and various clinical symptoms. Te basic condition of ex-
ecutive function is normal gray matter structure, but some
studies related to magnetic resonance imaging have shown
[20] that patients with schizophrenia may have extensive
gray matter structure changes. MRI can be used to study the
structure of living tissue, which is an efective method to
study the structure of the gray matter, and has a wide range
of applications in analyzing the changes in the structure of
the gray matter in patients with schizophrenia.

Te article by Koelkebeck et al. [21] pointed out that the
gray matter structural abnormalities appear in almost all
brain regions of patients with schizophrenia, but may not
change independently, but appear mutually and have
a certain correlation. Te VBM results of this research
showed that compared with the control group, the patients
in the observation group had a decrease in the gray matter
volume, and the main areas included precentral gyrus, su-
perior frontal gyrus, middle frontal gyrus, inferior frontal
gyrus, postcentral gyrus, inferior parietal lobule, superior
parietal lobule, and anterior cingulate cortex, while the
cerebellum gray matter volume increased. Such results are
basically consistent with the results of Alemán-Gómez et al.
[22]. Te frontal lobe accounts for about one-third of the
human brain, and the prefrontal lobe is the main area for the
realization of high-level cognitive tasks, and it is also closely
related to human cognitive function, emotional regulation,
and self-regulation. Several studies have shown that patients
with schizophrenia have reduced frontal gray matter vol-
ume. Quinn et al. [23] noted that a clinically meaningful
history of alcohol or marijuana use did not signifcantly
exacerbate the gray matter defcits associated with schizo-
phrenia. Te article by Tseng et al. [24] suggested that pa-
tients with frst-episode schizophrenia had abnormal frontal
gray matter in the early stage of the disease. From this, it can
be understood that both patients with frst-episode and
chronic schizophrenia may have abnormal frontal gray
matter structure. Many studies suggest that inferior parietal
lobule plays a role in human social cognition and working
memory. Te precuneus is also of great signifcance to the
process of human neuropsychological development and has
a strong correlation with human insight and self-conscious
processing. Some patients with schizophrenia will

Table 1: Comparison on general clinic data.

Indicators Control group Observation group P value
Age (years old) 22.3± 1.7 23.4± 1.5 0.653
Gender (male/female) 13/12 15/10 0.762
Course of disease (years) — 1.36± 0.15 —
PANSS score (points)
Positive symptom score — 20.72± 4.32 —
Negative symptom score — 19.46± 6.84 —
General psychopathology score — 43.26± 7.35 —
PANSS total score — 83.46± 12.63 —
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experience cognitive impairment and reduced insight,
mainly afected by the structural changes of the parietal gray
matter, which mostly occur in the superior parietal lobule
and the inferior parietal lobule. Nestor et al. [25] suggested
that the cortex of the superior parietal lobule in patients with
schizophrenia was thinned. Schoretsanitis et al. [26] con-
sidered that frst-episode schizophrenia patients had inferior
parietal lobule gray matter density reduction. Tese all in-
dicate that there may be abnormalities in the parietal gray
matter structure in patients with schizophrenia.

Te cerebellum is an important control organ that can
coordinate activities in the human body and is closely related
to human emotion regulation, attention management, social
communication, language processing, and word memory.
Te fndings of Cui et al. [27] showed an increase in small
gray matter in patients with frst-episode schizophrenia,
which is consistent with the fndings of this research. Pa-
tients with schizophrenia may exhibit abnormal changes in
the structure of the small gray matter, manifested by in-
creased gray matter volume. In addition, the results of this

Table 2: Results of VBM.

Regions Right/left Number of
voxels Coordinate X Coordinate Y Coordinate Z 1-P value

Precentral gyrus Right 735 28 −8 45 0.9996
Left 1036 −49 8 14 0.9996

Superior frontal gyrus Right 2168 23 47 15 0.9996
Left 1013 −23 31 35 0.9996

Middle frontal gyrus Right 2396 32 49 10 0.9996
Left 2302 −30 38 24 0.9996

Inferior frontal gyrus Right 241 34 6 32 0.9996
Left 456 −42 8 16 0.9996

Postcentral gyrus Right 501 35 −26 48 0.9996
Left 622 −58 −7 28 0.9996

Inferior parietal lobule Left 842 −47 −49 34 0.9992

Superior parietal lobule Right 347 48 −38 61 0.9996
Left 149 −45 −48 34 0.9996

Anterior cingulate cortex Right 505 10 47 14 0.9996
Left 552 −10 26 29 0.9981

Table 3: Te results of VBM show that the gray matter volume increased in the observation group compared with the control group.

Regions Right/left Number of
voxels Coordinate X Coordinate Y Coordinate Z 1-P value

Cerebellum Right 1746 24 −73 −47 0.9996
Left 1653 −26 −79 −39 0.9991

(a) (b)

Figure 1: Te results of VBM showed that the gray matter volume of the observation group was reduced compared to the control group.
(a, b) MRI T1W1 images of the patients in the observation group.Te yellow area in (a) represented precentral gyrus, superior frontal gyrus,
middle frontal gyrus, postcentral gyrus, and superior parietal lobule. Te green area in (b) represented inferior frontal gyrus and anterior
cingulate cortex.
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research showed that the plasma cortisol level of the ob-
servation group was (387.54± 117.69) μg/L, which was
signifcantly higher than that of the control group
(138.46± 62.47) μg/L, and the prolactin level was
(804.16± 267.13) μIU/mL, which was signifcantly higher
than that of the control group (397.54± 203.82) μIU/mL,
showing statistically signifcant diferences (P< 0.05). Te
results of the Pearson correlation test showed that the

cortisol level of the observation group was signifcantly
correlated with the PANSS total score (r� 0.421 and
P � 0.013), indicating that the higher the cortisol level, the
more severe the degree of schizophrenia in the patient.
However, there was no signifcant correlation between the
prolactin level and PANSS total score (r� 0.019 and
P � 0.568), indicating that the prolactin level of patients had
no defnite relationship with the degree of symptoms of
schizophrenia. Tis result is consistent with the conclusion
of the article by Jen et al. [28] that the level of prolactin in
schizophrenia patients is not signifcantly diferent from that
in healthy people. Terefore, it is still unknown whether
prolactin at high levels can cause the onset of schizophrenia
in patients.

5. Conclusion

Tis research analyzed the brain magnetic resonance images
of frst-episode schizophrenia patients based on VBM and
compared neuroendocrine levels with healthy controls. Te
results showed that the gray matter volume in the precentral
gyrus, superior frontal gyrus, middle frontal gyrus, inferior
frontal gyrus, postcentral gyrus, inferior parietal lobule,
superior parietal lobule, and anterior cingulate cortex de-
creased, while the gray matter volume in the cerebellum
increased. Te levels of cortisol and prolactin in patients
with frst-episode schizophrenia were signifcantly higher
than those in healthy people, and the level of cortisol was
directly proportional to the severity of the patients’ psy-
chiatric symptoms, while the level of prolactin was not
directly related to the severity of symptoms. Te disad-
vantage of this research was that only the default setting
parameters in the software were used in the voxel-based
morphometric processing, and it was necessary to change
the parameters to analyze the brain magnetic resonance
images in more detail and comprehensively in the future. In
conclusion, MRI-based voxel morphometry can accurately
and reliably assess brain structure, and the levels of cortisol
and prolactin in patients with frst-episode schizophrenia

(a) (b)

Figure 2: Te results of VBM showed the increased gray matter volume in the observation group compared with the control group. (a) Te
MRI axial image, and (b) the MRI coronal image. Te blue areas in the fgure represented areas of the increased gray matter volume.
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Figure 3: Comparison of cortisol and prolactin levels. ∗ Com-
pared with control group, P< 0.05.

Table 4: Cortisol analysis of cortisol and prolactin levels and
PANSS total score.

Indicators in observation
group R P

Cortisol level 0.421 0.013
Prolactin level 0.019 0.568
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were signifcantly higher than those in healthy people. Te
higher the cortisol level, the more severe the schizophrenia
symptoms. Tis research provided a reference for the
pathological study of frst-episode schizophrenia.

Data Availability

Te data used to support the fndings of this study are
available from the corresponding author upon request.
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To explore the functional changes in the whole brain network in patients with sudden sensorineural hearing loss (SHL) at the acute
stage from functional magnetic resonance imaging (fMRI) imaging evaluation results, 80 patients with sudden right SHL were
selected as subjects (patient group). In addition, 40 healthy volunteers who underwent physical examination in the hospital during
the same period were recruited as a control group. fMRI imaging was performed to analyze functional parameters and core nodes
of the whole brain network. It was found that at all thresholds, the fMRI parameters Cp and Lp of the patient group were
dramatically superior to those of the control group. Te fMRI parameter Eglobal of the patient group was substantially lower than
that of the control group (P< 0.05). At most of the thresholds, the fMRI parameter λ in patients was dramatically superior to that
in the control group (P< 0.05).Tere were ten specifc network core nodes in patients, including the right parahippocampal gyrus,
right supra-occipital gyrus, left suboccipital gyrus, right fusiform gyrus, right parietal lobule, right subparietal lobule, right
superior temporal gyrus, left superior marginal gyrus, and right superior temporal gyrus. In summary, the whole brains of patients
with sudden SHL still had small-world attributes, but some characteristics of the brain network had changed, and there was a trend
of transformation to a regular network. Te connection between the auditory brain area and the functional areas related to
language and vision was weakened, and the distribution of core nodes changed.Tis study provides a reference basis for exploring
the changes in local brain and connectome levels in patients with sudden sensorineural hearing loss in the acute phase based on
resting-state fMRI.

1. Introduction

When the lesions are in the hair cells, auditory nerves, or
hearing centers at all levels of the helical organ and the
sensation of sound and conduction of nerve impulses are
impaired, resulting in hearing loss, it is called sensorineural
hearing loss (SHL) [1–3]. Hearing loss caused by hair cell
disease is called SHL (cochlear or terminal hearing loss).
Hearing loss caused by lesions located in the auditory nerve
and its conduction pathway is called neural hearing loss
(retrocochlear or postcochlear) and is characterized by a
marked decline in speech discrimination. Lesions occurring
in the auditory center of the cerebral cortex are called central
deafness and are often accompanied by neurological

symptoms [4, 5]. SHL patients mainly have symptoms such
as high-frequency hearing loss, reinvigorating phenomenon,
tinnitus, and vertigo. Tis kind of deafness cannot change
sound waves into nerve signals, or nerves, and their central
way of producing obstacles cannot transmit nerve signals to
the brain, which is the most difcult to treat and the most
troublesome form of deafness. It is usually caused by con-
genital or acquired causes of cochlear auditory nerve or
auditory center lesions, resulting in deafness [6–8].
According to current clinical and experimental studies,
hearing loss often caused by SHL is irreversible and cannot
be cured by drugs or surgery, which has been fully confrmed
by massive basic and clinical studies and experiments over
the years [9, 10]. Although the data showed that a small
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number of people’s sudden deafness can be cured auto-
matically, for the occurrence of sudden deafness, it is still
recommended for timely hospital diagnosis.

Common clinical diagnosis methods for deafness in-
clude vestibular function tests, hearing examinations,
X-rays, computed tomography (CT), and MRI [11–14].
Patients with vertigo can undergo a cold temperature test
and an electronystagmus examination to determine ves-
tibular damage and exclude central dysfunction after the
condition becomes stable [15]. Pure tone audiometry can
show typical SHL, and the hearing curve of moderate,
severe, or more severe hearing loss patients is usually fat or
descending. Te pure tone supramural function test, the
Bekesy test, speech audiometry, and acoustic immittance
test can determine cochlear deafness. X-ray or CT scans of
the inner ear canal can rule out sudden deafness caused by
external neuroma or other intracranial occupying lesions
[16]. However, the above methods can only make a pre-
liminary judgment on the lesion degree of patients but
cannot evaluate the changes in cerebral cortical functional
activities after deafness [17]. Functional magnetic reso-
nance imaging (fMRI) is a new neuroimaging method that
uses magnetic resonance imaging to measure the hemo-
dynamic changes caused by neuronal activity. It has been
widely used to map brain activation in humans and ani-
mals. Te change of local deoxyhemoglobin concentration
in the brain will lead to the change of magnetic resonance
signal intensity, which indirectly refects neuronal activity
and then refects the change of brain function in real time
[18]. In recent years, fMRI has become the tool of choice for
visualizing neural activity in the human brain due to its
noninvasive nature, reproducibility, and lack of radiation
exposure. In resting-state fMRI, subjects are scanned while
lying fat, eyes closed, awake, and not thinking about a
problem without a specifc task. Resting-state fMRI is very
suitable for the study of clinical diseases, especially neu-
rological diseases because of its simple experimental de-
sign, simple operation, and ability to observe the
spontaneous brain activity of subjects without subjects
completing specifc tasks [19]. Te brain is one of the major
parts of the central nervous system. It can transmit, store,
and process information, make people do various psy-
chological activities, and dominate and control people’s
behavior. Although they are composed of various brain
regions that are independent of each other in space, these
brain regions are functionally interconnected and con-
stantly fow information with each other [20]. Terefore, it
is signifcant to explore sudden deafness from the per-
spective of brain functional network changes.

In summary, this study aimed to analyze the func-
tional parameters and core nodes of the whole brain
network based on resting-state fMRI by conducting fMRI
scanning and constructing the brain functional networks
of 80 patients with severe right sensorineural hearing
loss and 40 healthy volunteers. It was hoped to
provide a reference for the study of the changes in the
functional connectivity level of the whole brain network
in patients with sudden sensorineural hearing loss in the
acute stage.

2. Materials and Methods

2.1. Research Objects. Eighty patients with severe right SHL
who visited the hospital from October 2019 to October 2021
were selected as study subjects (patient group), including 34
males and 46 females. Te average age was 35.36± 10.34
years (range, 25–67 years). After pure tone audiometry, the
hearing threshold of the afected ear of the patient group was
more than 70 dB, and the hearing threshold of the healthy
ear was in the normal range. In addition, 40 healthy vol-
unteers who underwent physical examination in the hospital
during the same period were selected as a control group,
including 15 males and 25 females. Te age ranged from 24
to 65 years, with an average age of 37.11± 8.95 years. After
pure-tone audiometry, the hearing threshold of both ears
was less than 25 dB. Tis study was approved by the ethics
committee of the hospital. Te subjects and their families
were informed of the study and signed informed consent
forms.

Inclusion criteria are as follows: (i) all subjects were
right-handed; (ii) subjects had complete basic information;
(iii) subjects had no previous history of mental illness; and
(iv) subjects were older than 18 years.

Exclusion criteria are as follows: (i) subjects with con-
traindications to MRI examination; (ii) subjects with history
of cardiovascular disease; and (iii) subjects complicated with
serious damage to the heart, liver, and kidney organs.

2.2. Resting fMRI Examination. A 3.0 T superconducting
magnetic resonance imaging system with 12 channel coils
was used. First, the subjects were placed in a supine position
and put on an eye mask and soundproof earplugs to avoid
interference from the outside environment. Te subjects
were guided to remain in a resting state. After the scan, if the
patient was found not to remain in a resting state during the
scan, the sample would be removed. A total of 300 time
points were collected by resting whole brain volume scan-
ning for each subject. Te scanning parameters were as
follows: repeat time (TR)� 1.800ms, echo time (TE)�

20ms, layer thickness� 3.5ms, layer spacing� 0, layer
number� 65, feld of vision� 256× 256, matrix� 256× 256,
and fip angle� 90 degrees.

2.3. Image Preprocessing. Te data processing assistant for
resting-state fMRI (DPARSF) based on MATLAB R2014b-
2020b was used to preprocess the obtained images. Te
volume data of the frst 10 points of each subject were re-
moved. Time correction and head correction were carried
out for the remaining 290 time points. Sample data of head
movement exceeding 2mm and rotation exceeding 2 de-
grees were removed. Linear regression was adopted to
remove white matter and cerebrospinal fuid signals from
the image data, and then it was standardized to the spatial
coordinates of the Montreal Neurological Institute for
resampling. Spatial smoothing was performed on stan-
dardized data, and time-domain bandpass fltering with a
bandwidth of approximately 0.05Hz was used to reduce the
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infuence of low-frequency drift and high-frequency phys-
iological noise.

2.4. Construction of the Brain Functional Network.
GRETNA, developed by Professor Yong He’s team from
Beijing Normal University, was used to construct the brain
functional networks of subjects. Te subjects’ brains were
registered on an automatic anatomical marker map, which
divided the cerebral cortex into 90 regions. Each region
represented a node, and the time correlation of the blood
oxygen level-dependent signal in each brain region was
called an edge. Te average time series of all voxels in each
brain region was extracted, and the Pearson correlation
coefcient between them was calculated to obtain the cor-
relation matrix R. Ten, the Fisher Z transformation was
performed on the matrix R to obtain the correlation matrix
Z, which was converted to the correlation matrix C for
parameter calculation.

2.5. Brain Functional Network Parameters. Given that the
network node set is U and the network edge set is I, the
complex network can be represented by the image F(U and
I). Ten, the node clustering coefcient Cx is expressed as
follows:

Cx �
2Ex

Lx Lx − 1( 􏼁
Cy �

2Ey

Ly Ly − 1􏼐 􏼑
. (1)

Lx represents the number of nodes constituting subgraph
Fx, Ly represents the number of nodes constituting subgraph
Fy, and E represents local efciency. Te average value of Cx
of all nodes is the network clustering coefcient Cp, which
can be used to evaluate the degree of network collectivi-
zation. Te average value of Ex of all nodes is the network
local efciency Elocal, which can be used to evaluate the
network defense capability. Te average maximum short-
circuit length Lp is the average time lxy of all nodes to ensure
efective integration and fast transmission of information in
distant brain regions. Global efciency Eglobal evaluates the
global transport capacity of a network.

Te standardized coefcient c refects the transformation
from the real brain network to the regular network, and the
standardized average shortest path length λ refects the
transformation from the real brain network to the random
network, which can be expressed as follows:

c �
Cp

Crand
,

λ �
Lp

Lrand
,

σ �
c

λ
.

(2)

Crand represents the clustering coefcient of the random
network, Lrand represents the shortest path length of the
random network, and σ > 1 indicates that the network has a

high clustering coefcient and a short characteristic path
length.

Te intermediate centricity method was used to fnd the
core nodes of the whole brain network. In this experiment,
the threshold range was 0.1–0.2 with an interval of 0.02.

2.6. Statistical Methods. SPSS 19.0 statistical software was
used for data processing in this study. Te mean± standard
deviation (x± s) was used for measurement data, and the
percentage (%) was used for counting data. Pairwise com-
parison was performed by one-way ANOVA. P< 0.05
suggests that the diference was statistically signifcant.

3. Results

3.1. General Information. In Table 1, the ratio of male to
female, age, course of disease, height, weight, years of ed-
ucation, THI score, and left ear PTA score in the patient
group were not signifcantly diferent from those in the
normal group (P> 0.05). Te PTA score of the patient group
(85.71± 9.01) was signifcantly higher than that of the
normal group (20.77± 3.81), and the diference was statis-
tically signifcant (P< 0.05).

3.2. Comparison of fMRI Global Parameters. Figure 1 shows
the comparison of the fMRI parameters Eglobal, Elocal, Cp, and
Lp between the two groups. Te fMRI parameters Eglobal,
Elocal, and Cp of the two groups showed an increasing trend
with an increasing threshold, while Lp showed a decreasing
trend with an increasing threshold. At all thresholds, the
fMRI parameters, Cp and Lp, in patients were dramatically
superior to those in the control group, and the diferences
were considerable (P< 0.05). At most of the thresholds, the
fMRI parameter Eglobal of the patient group was substantially
lower than that of the control group, and the diferences
were considerable (P< 0.05). At all thresholds, there was no
considerable diference in the fMRI parameter Elocal between
the patient group and the control group (P> 0.05).

Figure 2 shows the comparison of fMRI parameters c, λ,
and σ between the two groups.Te fMRI parameters c, λ and
σ of the two groups showed a decreasing trend with an
increasing threshold value. At most of the thresholds, the
fMRI parameter λ of the patient group was dramatically
superior to that of the control group, and the diferences
were considerable (P< 0.05). At all thresholds, fMRI pa-
rameters c and σ in the patient group were not substantially
diferent from those in the control group (P> 0.05).

3.3. FMRI Image Data. Figure 3 shows MRI images of one
patient in the patient group. Physical examination suggested
a clear mind, vague language, decreased vision, no nys-
tagmus, deafness in both ears, muscle strength level V, bi-
lateral calcaneus shin test (+), and acceptable fnger and nose
rotation. Obviously, the surface of the midbrain, pons,
vermis of the cerebellum and sulci, bilateral lateral fssure,
underside of the frontal lobe, and spinal cord were sur-
rounded by short T2 signals with bands.
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Figure 4 shows theMRI data of a healthy volunteer in the
control group. Te T1 weighted image presented a high
signal, and the T2 weighted image presented an equal signal.
Te position of the brain stem and cerebellum was normal
without displacement or deformation, and the surface of the
midbrain, pons, vermis, and sulci was normal.

3.4. Analysis Results of Functional Core Nodes of the Whole
Brain Network. In Figure 5, this analysis showed that there
were 10 specifc network core nodes in the patient group,
including the right parahippocampal gyrus, right suproc-
cipital gyrus, left suproccipital gyrus, right fusiform gyrus,
right parietal lobule, right subparietal lobule, right superior
temporal gyrus, left superior marginal gyrus, and right
superior temporal gyrus temporal pole. Tere were eight
specifc network core nodes in the control group, including
the left inferior frontal gyrus orbital, right insula, left insula,
left parietal lobule,, right pea shell, left superior temporal
gyrus temporal pole, and right middle temporal gyrus
temporal pole. Subjects in both groups had a total of fve
network core nodes, including the right inferior frontal
gyrus orbital region, left posterior central gyrus, right su-
perior marginal gyrus, left middle cingulate gyrus, and right
superior frontal gyrus medial orbital region.

4. Discussion

Sudden sensorineural deafness refers to the sudden occur-
rence of SHL of unknown cause, which can develop from
mild hearing loss to severe hearing loss within minutes,
hours, or 1–2 days [21]. Tere is no specifc diagnosis and
treatment method for approximately 90% of cases of sudden
sensorineural deafness because the cause is unclear. In
addition, the lack of high-quality clinical research and ev-
idence-based medical proof makes the diagnosis and
treatment of sudden inductive neural deafness controversial.
Terefore, seeking an efcient diagnostic method is a reliable
way to achieve clinical treatment optimization [22]. In this
study, 80 patients with severe right SHL who visited the
hospital were selected as the study subjects (patient group),
and 40 healthy volunteers who underwent physical exami-
nation in the hospital during the same period were selected
as the control group. FMRI imaging was performed on all
patients. GRETNA was used to construct the subjects’ brain
functional networks, and the functional parameters and core

nodes of the whole brain network were analyzed. First, the
basic data of the two groups of subjects were compared. Te
results showed that the ratio of males to females, age, course
of disease, height, weight, years of education, THI score, and
left ear PTA score in the patient group were not signifcantly
diferent from those in the control group (P> 0.05), which
provided a baseline for subsequent studies. In addition, the
PTA score of the patient group (85.71± 9.01) was dramat-
ically superior to that of the control group (20.77± 3.81), and
the diference was signifcant (P< 0.05), which was con-
sistent with the control study between the patient group and
control group.

Te functional network of the human brain is a complex
and real network between a random network and a regular
network, and its small-world attributes can ensure that the
brain can efciently integrate and separate information
under relatively low energy consumption [23]. Tis study
found that at all thresholds, the fMRI parameters Cp and Lp
of the patient group were dramatically superior to those of
the control group. At most of the thresholds, the fMRI
parameter Eglobal of the patient group was substantially lower
than that of the control group, and the diferences were
considerable (P< 0.05). Tis is generally consistent with the
research results of Minosse et al. [24]. Although the whole
brain of patients with sudden sensorineural hearing loss still
had the small-world property, some characteristics of the
brain network had changed. Te increase of parameters
meant that the information processing ability of some brain
regions of patients was enhanced, indicating that the con-
tralateral superiority of hearing conduction was weakened,
and intrachannel reorganization occurred in the auditory
cortex. Te increase in parameters Lp and Elocal suggested
that the information processing ability of the patient’s re-
mote brain region was weakened, which was consistent with
the general deletion hypothesis [25]. At most of the
thresholds, the fMRI parameter λ of the patient group was
dramatically superior to that of the control group, and the
diferences were considerable (P< 0.05). At all thresholds,
fMRI parameters c and σ in the patient group were not
substantially diferent from those in the control group
(P> 0.05). Wang et al. [26] also pointed out that this in-
dicates that the brain functional network of patients with
sudden sensorineural hearing loss has a trend of changing to
a regular network, with enhanced information integration
ability and weakened separation transmission ability. Te
results indicate that the brain functional network of patients

Table 1: Comparison of basic data of medical staf between the two groups.

Basic information Patient group (n� 80) Control group (n� 40) P

Sex ratio (male/female) 42.5/57.5 37.5/62.5 1.457
Age (years old) 35.36± 10.34 37.11± 8.95 2.568
Duration of disease (days) 9.16± 1.76 — —
Height (cm) 160.44± 11.42 158.33± 10.68 1.496
Body weight (kg) 57.03± 5.82 55.81± 7.03 1.733
Years of education (years) 12.35± 3.25 11.09± 2.88 2.024
THI score (points) 49.68± 13.06 51.66± 16.77 2.145
Auris sinistra/Auris dextra 21.74± 4.11/85.71± 9.01 21.33± 3.57/20.77± 3.81∗ 0.0378
∗indicated a statistically signifcant diference compared with the patient group (P< 0.05).
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Figure 1: Comparison of the fMRI parameters Eglobal, Elocal, Cp, and Lp between the two groups. (a–d) represented Eglobal, Elocal, Cp, and Lp,
respectively. ∗represents that the fMRI parameters of the patient group, including Eglobal, Cp, and Lp, were signifcantly diferent from those
in the normal group (P< 0.05).
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the normal group, P< 0.05.
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Figure 3: MRI image data of a patient. Female, 58 years old, high tinnitus in both ears without obvious inducement, followed by hearing
loss, and gradually aggravated, with basic hearing loss in the recent six months, unstable walking, and tremor on both upper limbs. (a) MRI
sagittal image; (b-c) T1 weighted image; and (d) T2 weighted image.
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with sudden SHL tended to change to a regular network, and
the ability of information integration was enhanced, while
the ability of separation and transmission was weakened. All
the above results confrm to some extent that the connection
between auditory brain areas and language and vision-re-
lated functional areas was weakened in patients with burst
SHL, and their language perception and understanding
ability were decreased [27].

Tere were ten specifc network core nodes in patients,
including the right parahippocampal gyrus, right supraoccipital
gyrus, left suboccipital gyrus, right fusiform gyrus, right parietal
lobule, right subparietal lobule, right superior temporal gyrus,
and left superior marginal gyrus. Among them, the superior
occipital gyrus, fusiform gyrus, superior marginal gyrus, tem-
poral pole, inferior parietal lobule, and parietal lobule are related
to visual and auditory information processing. Te increase in
the importance of these core nodes indicates that other sensory
channels are compensatory and that the advantage of coping is
weakened after hearing loss. Tere were eight specifc network
core nodes in the control group, including the left inferior
frontal gyrus orbital, right insula, left insula, left parietal lobule,
left parietal lobule, right pea shell, left superior temporal gyrus
temporal pole, and right middle temporal gyrus temporal pole.
Most of these nodes belong to the limbic or parlimbic system,
but they were absent in the patient group, possibly because of
the recombination of these nodes after deafness [28].

5. Conclusion

In this study, the functional parameters and core nodes of
the whole brain network were analyzed by fMRI scanning
and GRETNA software to construct the brain functional
network of subjects. Te results showed that the brains of
patients with sudden sensorineural deafness still had a small-
world nature. However, some characteristics of the brain
network had changed, and there was a trend to transform to
a regular network. Te connection between the auditory
brain region and language and visual related functional
regions was weakened, and the distribution of core nodes
was changed, which enhanced the information integration
ability of local brain regions and weakened the separation
transmission ability. However, the limitation of this study is
that the included sample size was small and all of them were
from the same hospital, and the evaluation of patient
samples was insufcient. Te visual and language function
evaluation data of the patients were not obtained from the
side, and the correlation between right deafness and diferent
functions could not be verifed. Terefore, the sample size
will be expanded in the later stage, and the patient case data
will be increased to explore the diference in brain network
function between left and right deafness patients. In con-
clusion, this study provides data reference for the study of
brain network function in patients with sudden right sen-
sorineural hearing loss.

Data Availability

Te data used to support the fndings of this study are
available from the corresponding author upon request.
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M. J. Lavilla, G. Plaza, and Grupo de Trabajo de la Comisión
de Audiologı́a de la SEORL, “Update on consensus on di-
agnosis and treatment of idiopathic sudden sensorineural
hearing loss,” Acta Otorrinolaringológica Española, vol. 70,
no. 5, pp. 290–300, 2019.

(a) (b) (c) (d)

Figure 4: MRI image data of a healthy volunteer in the control group. Female, 50 years old, physical examination showed normal body
function but no liver or kidney damage. (a) MRI sagittal image; (b-c) T1 weighted image; (d) T2 weighted image.

10

8

5

a b c
0

2

4

6

8

10

12

Ca
se

s

Figure 5: Analysis results of functional core nodes of the whole
brain network in two groups. (a) Te specifc network core node of
patient group; (b) the network core node unique to control group;
and (c) the network core nodes shared by both groups.

Concepts in Magnetic Resonance Part A, Bridging Education and Research 7



[2] J. Jeong and H. S. Choi, “Sudden sensorineural hearing loss
after COVID-19 vaccination,” International Journal of In-
fectious Diseases, vol. 113, pp. 341–343, 2021.

[3] Y. H. Young, “Contemporary review of the causes and dif-
ferential diagnosis of sudden sensorineural hearing loss,”
International Journal of Audiology, vol. 59, no. 4, pp. 243–253,
2020.

[4] J. G. Doo, D. Kim, Y. Kim et al., “Biomarkers suggesting
favorable prognostic outcomes in sudden sensorineural
hearing loss,” International Journal of Molecular Sciences,
vol. 21, no. 19, p. 7248, 2020.

[5] M. Marx, E. Younes, S. S. Chandrasekhar et al., “International
consensus (ICON) on treatment of sudden sensorineural
hearing loss,” European Annals of Otorhinolaryngology, Head
and Neck Diseases, vol. 135, no. 1, pp. S23–S28, 2018.

[6] J. W. Wood, A. D. Shafer, D. Kitsko, and D. H. Chi, “Sudden
sensorineural hearing loss in children-management and
outcomes: a meta-analysis,”Te Laryngoscope, vol. 131, no. 2,
pp. 425–434, 2021.

[7] Y. C. Chen, S. J. Tsai, J. C. Chen, and J. H. Hwang, “Risks of
tinnitus, sensorineural hearing impairment, and sudden
deafness in patients with non-migraine headache,” PLoS One,
vol. 14, no. 9, Article ID e0222041, 2019.

[8] C. Mirian and T. Ovesen, “Intratympanic vs. systemic cor-
ticosteroids in frst-line treatment of idiopathic sudden sen-
sorineural hearing loss: a systematic review and meta-
analysis,” JAMA Otolaryngol Head Neck Surg, vol. 146, no. 5,
pp. 421–428, 2020.

[9] T. M. Rhee, D. Hwang, J. S. Lee, J. Park, and J. M. Lee,
“Addition of hyperbaric oxygen therapy vs. medical therapy
alone for idiopathic sudden sensorineural hearing loss: a
systematic review and meta-analysis,” JAMA Otolaryngol
Head Neck Surg, vol. 144, no. 12, pp. 1153–1161, 2018.

[10] A. Ponzetto, G. Cavallo, and N. Figura, “Sudden sensorineural
hearing loss,” JAMA Otolaryngol Head Neck Surg, vol. 146,
no. 2, p. 211, 2020.

[11] A. D. P. Prince and E. Z. Stucken, “Sudden sensorineural
hearing loss: a diagnostic and therapeutic emergency,” Te
Journal of the American Board of Family Medicine, vol. 34,
no. 1, pp. 216–223, 2021.

[12] J. W. Ma and J. C. C. Wei, “Correspondence on: “Antide-
pressants and risk of sudden sensorineural hearing loss”,”
International Journal of Epidemiology, vol. 50, no. 5,
pp. 1748-1749, 2021.

[13] H. Zhang, W. Lv, H. Diao, and L. Shang, “Reconstruction
algorithm-based CT imaging for the diagnosis of hepatic
ascites,” Computational and Mathematical Methods in
Medicine, vol. 2022, Article ID 1809186, 11 pages, 2022.

[14] M. M. Wang, Y. J. Wang, N. Hu et al., “3D-FLAIR MRI
fndings in idiopathic sudden sensorineural hearing loss and
the correlations with clinical features and prognosis,”
Zhonghua er bi Yan Hou Tou Jing Wai ke za Zhi, vol. 56, no. 5,
pp. 424–430, 2021.

[15] J. Wang, T. Ren, W. Sun, Q. Liang, and W. Wang, “Post-
contrast 3D-FLAIR in idiopathic sudden sensorineural
hearing loss,” European Archives of Oto-Rhino-Laryngology,
vol. 276, no. 5, pp. 1291–1299, 2019.

[16] Y. Islamoglu, G. G. Kesici, K. Ercan, and M. A. Babademez,
“Single-sided deafness after sudden hearıng loss: late efect on
cochlear nerve size,” European Archives of Oto-Rhino-Lar-
yngology, vol. 277, no. 9, pp. 2423–2426, 2020.

[17] X. Min, H. Gu, Y. Zhang, K. Li, Z. Pan, and T. Jiang, “Clinical
value of abnormal MRI fndings in patients with unilateral

sudden sensorineural hearing loss,” Diagn Interv Radiol,
vol. 26, no. 5, pp. 429–436, 2020.

[18] C. J. Yang, T. Yoshida, S. Sugimoto et al., “Lesion-specifc
prognosis by magnetic resonance imaging in sudden senso-
rineural hearing loss,” Acta Oto-Laryngologica, vol. 141, no. 1,
pp. 5–9, 2021.

[19] X. Chen, Q. Zhang, C. Yang, Y. Liu, and L. Li, “GRβ regulates
glucocorticoid resistance in sudden sensorineural hearing
loss,” Current Pharmaceutical Biotechnology, vol. 22, no. 9,
pp. 1206–1215, 2021.

[20] N. Mehta and S. Mehta, “Comparative evaluation of injection
dexamethasone and oral glycerol versus injection dexa-
methasone alone in the treatment of sudden onset sensori-
neural deafness,” Ear, Nose, & Troat Journal, vol. 100,
pp. 317S–324S, 2021.

[21] T. G. Joshua, A. Ayub, P. Wijesinghe, and D. A. Nunez,
“Hyperbaric oxygen therapy for patients with sudden sen-
sorineural hearing loss: a systematic review and meta-anal-
ysis,” JAMA Otolaryngol Head Neck Surg, vol. 148, no. 1,
pp. 5–11, 2022.

[22] W. W. Jung and C. Hoegerl, “Sudden sensorineural hearing
loss and why it's an emergency,” Cureus, vol. 14, no. 1, Article
ID e21418, 2022.

[23] H. Wong, Y. Amoako-Tufour, K. Faiz, and J. J. S. Shankar,
“Diagnostic yield of MRI for sensorineural hearing loss - an
audit,”Te Canadian Journal of Neurological Sciences, vol. 47,
no. 5, pp. 656–660, 2020.

[24] S. Minosse, F. Garaci, F. Martino et al., “Global and local brain
connectivity changes associated with sudden unilateral sen-
sorineural hearing loss,” NMR in Biomedicine, vol. 34, no. 8,
Article ID e4544, 2021.

[25] R. G. Yoon, Y. Choi, and H. J. Park, “Clinical usefulness of
labyrinthine three-dimensional fuid-attenuated inversion
recovery magnetic resonance images in idiopathic sudden
sensorineural hearing loss,” Current Opinion in Otolaryn-
gology & Head and Neck Surgery, vol. 29, no. 5, pp. 349–356,
2021.

[26] S. Wang, B. Chen, Y. Yu et al., “Altered resting-state func-
tional network connectivity in profound sensorineural
hearing loss infants within an early sensitive period: a group
ICA study,” Human Brain Mapping, vol. 42, no. 13,
pp. 4314–4326, 2021.

[27] M. Wang, N. Hu, Y. Wang, X. Sun, Z. Fan, and H. Wang,
“Clinical value of 3D-FLAIR MRI in idiopathic sudden
sensorineural hearing loss,” ACS Chemical Neuroscience,
vol. 13, no. 1, pp. 151–157, 2022.

[28] L. D. Dumberger, T. P. Hwa, K. Panara, S. Husain, C. Yver,
and D. C. Bigelow, “Profound sudden sensorineural hearing
loss in hematologic malignancy: a case for urgent cochlear
implantation with discussion and systematic review of the
literature,” Otology & Neurotology, vol. 42, no. 7,
pp. e815–e824, 2021.

8 Concepts in Magnetic Resonance Part A, Bridging Education and Research



Research Article
Magnetic Resonance Diffusion-Weighted Imaging to Evaluate the
Clinical Efficacy of CalliSpheresDrug-LoadedMicrospheres in the
Treatment of Advanced Bladder Cancer

Xi Yang and Wei Chen

Department of Radiology, Xingtai People’s Hospital, Xingtai 054000, Hebei, China

Correspondence should be addressed to Wei Chen; 201308416@stu.lzjtu.edu.cn

Received 7 August 2022; Revised 12 October 2022; Accepted 14 October 2022; Published 10 February 2023

Academic Editor: Enas Abdulhay

Copyright © 2023 Xi Yang and Wei Chen. Tis is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.

Te MR difusion-weighted imaging technique was used to evaluate the efcacy and safety of CalliSpheres drug-loaded mi-
crospheres for transarterial chemoembolization in the treatment of advanced bladder cancer. 35 patients with advanced bladder
cancer were treated with CalliSpheres DLMS for transarterial chemoembolization. Imaging techniques such as magnetic res-
onance (MR) difusion-weighted imaging were used to evaluate the therapeutic efect. Te changes in serum tumor markers,
immune function indexes, and oxidative stress indexes in patients before and after treatment were compared, and the quality of
life of patients and the incidence of adverse reactions during follow-up were also evaluated. Te results showed that the overall
response rate (ORR) was 74.29% and that the disease control rate (DCR) was 97.14%. Compared with that before treatment, the
ADC value of the tumor in patients with advanced bladder cancer detected by MR difusion-weighted imaging technology was
signifcantly increased after treatment and the maximum tumor diameter was signifcantly decreased (P< 0.05). Compared with
those before treatment, the levels of serum tumor markers (CA199, CA724, and CA125) in advanced bladder cancer patients after
treatment decreased (P< 0.05). Te levels of T-lymphocyte subsets (CD3+ and CD4+) decreased, and CD8+ levels increased
(P< 0.05). Te levels of superoxide dismutase decreased (P> 0.05). At the same time, the subscale evaluation of function,
symptoms, quality of life, adverse reactions, and economics of patients with advanced bladder cancer on the QLQ-C30 scale
improved after treatment, and the incidence rate and recurrence rate during the follow-up period were 8.57% and 11.43%,
respectively. It showed that CalliSpheres DLMS had a good clinical efect and high safety in the treatment of advanced bladder
cancer and was a safe and feasible treatment method. Te use of MR difusion-weighted imaging technology could achieve
quantitative evaluation of clinical efcacy of advanced bladder cancer.

1. Introduction

Bladder cancer is a very common urological malignant
tumor in clinical practice, and most patients are accom-
panied by symptoms such as painless or intermittent urinary
frequency, urgency, and hematuria. In recent years, there has
been a trend of increasing incidence rates [1]. According to
the degree of tumor invasion, bladder cancer can be divided
into muscle-invasive bladder cancer and non-muscle-
invasive bladder cancer. Among them, muscle-invasive
bladder cancer has a high degree of malignancy and
a high risk of metastasis and recurrence after treatment [2].

Radical cystectomy is a commonmethod for clinical surgical
treatment of muscle-invasive bladder cancer. However,
surgical treatment brings great trauma to patients, and the
postoperative complication rate and the recurrence rate are
high, which can easily afect the bladder function of patients
and then easily lead to a poor prognosis of patients [3].
Terefore, transcatheter internal iliac artery infusion che-
motherapy has become one of the important methods for the
treatment of bladder cancer. When bladder cancer patients
cannot undergo radical cystectomy, transcatheter internal
iliac artery infusion chemotherapy can signifcantly improve
the patients’ quality of life and prolong survival [4].
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Te traditional embolic agent (Lipiodol) is not easy to
enter the blood-supplying artery of the tumor, which afects
the therapeutic efect of transarterial chemoembolization.
Drug-loaded microsphere (DLMS)-transarterial chemo-
embolization is a new type of drug-loaded embolization
system. It can prolong the action time of the drug by
injecting high doses of chemotherapy drugs into the tumor
and reduce adverse reactions caused by chemotherapy drugs
entering systemic blood circulation [5]. Compared with
traditional transarterial chemoembolization, DLMS-
transarterial chemoembolization has been demonstrated
to have lower treatment toxicity and a lower incidence of
postoperative adverse events [6, 7]. CalliSpheres DLMS is
a novel drug-loaded embolization system made in China. At
present, studies have confrmed that CalliSpheres DLMS can
signifcantly improve the clinical symptoms of patients with
lung cancer and help in its treatment, and it has good safety
[8]. However, there are relatively few studies on the ap-
plication of CalliSpheres DLMS for transarterial chemo-
embolization in bladder cancer.

Conventional MRI technology can evaluate the treat-
ment efect through the morphological changes in the tu-
mor, but it cannot distinguish the internal state of the tumor
tissue during the treatment process, which is not conducive
to the optimization of the treatment method. MR difusion-
weighted imaging technology is a kind of noninvasive
functional examination method, which can assist in the
diagnosis of diseases and the detection of curative efects
through the changes in the difusion movement of water
molecules in tumor tissue. Terefore, this work selected
patients with advanced bladder cancer who could not be
treated with radical bladder cancer as research objects. First,
the clinical efect of CalliSpheres drug-loaded microsphere-
transarterial chemoembolization on patients was analyzed
by MR difusion-weighted imaging technology. Ten, the
efects of the immune function, oxidative stress level, quality
of life, and incidence of adverse reactions were also detected.
It aimed to provide reference for the popularization and
application of CalliSpheres drug-loaded microsphere-
transarterial chemoembolization.

2. Materials and Methods

2.1. Research Objects. 35 patients diagnosed with advanced
bladder cancer in hospital fromMay 2019 to December 2021
were selected as the research subjects, including 21males and
14 females. Te age ranged from 48 to 75 years, with an
average of 59.5± 4.9 years, the disease duration was
3–5 years, with an average of 3.6± 0.7 years, and 18 cases
were in T3 stage and 17 cases were in T4 stage. Tis study
was approved by the ethics committee of hospital, and all
patients gave informed consent.

Inclusion criteria were as follows: those who were unable
or unwilling to undergo surgical treatment; those who were
staged as T3 or T4 according to the TNM staging standard
developed by the International Union Against Cancer [9];
those with obvious clinical symptoms, such as repeated
hematuria, dysuria, and bladder irritation; and those who
received transarterial chemoembolization for the frst time.

Exclusion criteria were as follows: those with a history of
surgical treatment such as radical cystectomy; those with
liver or kidney insufciency and coagulation dysfunction;
patients with secondary active infection and hypersensitivity
to contrast agents; and those with the Karnofsky score less
than 70 and expected survival less than 3months.

2.2. TreatmentMethods. Te right or left femoral artery was
selected as the puncture vessel, and after laying a sterile
drape, 2% lidocaine was used for local anesthesia; the
modifed Seldinger technique was used to puncture the
femoral artery. A 5 F catheter sheath was placed, and the
guide wire was introduced into the Cobra catheter. After
internal iliac arteriography, the blood supply artery to the
bladder tumor was searched and the location, number, size,
and staining of the tumor were confrmed. 50–100mg of
oxaliplatin was injected into the blood vessel of the bladder
tumor. Ten, 20–40mg of pirarubicin was mixed with
CalliSpheres drug-loaded microspheres and mixed with the
contrast agent 10min later. Te prepared CalliSpheres drug-
loaded microspheres were embolized slowly at the blood
supply artery of the bladder tumor, and the chemical
embolism treatment was performed.Te contralateral target
vessel was selected using the looping technique, and che-
moembolization was performed using the same method. For
patients with difculty in the arterial supply of bladder
tumors, internal iliac transarterial chemoembolization
should be performed, and the superior gluteal artery should
be avoided during embolization. After treatment, hydration
and diuresis should be given, and anti-infective treatment
should be carried out according to the actual situation of the
patient. Te evaluation of the embolization efect of Cal-
liSpheres DLMS using contrast imaging technology should
be carried out. If the drug-loadedmicrospheres cannot reach
the end point of embolization, drug-loaded microspheres
can be mixed with the appropriate blank microspheres of
equal specifcation before embolization treatment.

2.3. MR Difusion-Weighted Imaging. 50minutes before the
MR difusion-weighted imaging scan was performed, the
patient was instructed to drink 500–1,000ml of water
without urinating, so that the patient’s bladder could be
flled. Cross-sectional MR difusion-weighted imaging scans
were performed with PHILIPS Achieva 3.0T MR, 4-channel
torso coils were selected, and respiratory gating was not
used. MR difusion-weighted imaging scans used a spin-
echo-echo planar imaging sequence. Te parameters were
set as follows: repetition time� 1,000ms, echo time-
�minimum, number of excitations� 8, matrix� 125×125,
feld of view� 40× 40 cm2, slice thickness� 5mm, and slice
spacing� 1mm.Te difusion sensitive gradient factor in the
scanning process, that is, the b value, was taken as 1,500 s/
mm2. At the same time, the array spatial sensitivity encoding
technique (APSET) was collected, the acceleration factor R
value was set to 2, and MRI examinations before and after
interventional treatment were performed. Te MRI images
obtained by scanning were transmitted to the workstation,
the images were read by 2 professional radiologists, and the
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region of interest at the lesion was manually delineated.
Irregular margins of the lesions were delineated into hy-
perintense lesions, and the mean tumor ADC values were
calculated.

2.4. Efcacy Evaluation and Observation Indicators. Te
treatment efect of solid tumors was evaluated as follows:
Te evaluation of the treatment efect of patients with solid
tumors was carried out 4 weeks after embolization. Imaging
techniques were used to measure the maximum tumor
diameter, and treatment efects were classifed into com-
plete remission (CR), partial remission (PR), stable disease
(SD), and progressive disease (PD). It was considered that
the imaging technology examination showed that the tu-
mor completely disappeared as CR, that the tumor di-
ameter was reduced by 30% or more after treatment as PR,
that the tumor diameter decreased by −20%–30% after
treatment as SD, and that the tumor diameter increased by
20% or more after treatment was considered as PD. Te
overall response rate (ORR) � (CR + PR)/total number ∗
100%. Te disease control rate (DCR) � (CR + PR + SD)/
total number ∗ 100%.

Fasting venous blood was collected from patients before
treatment and 15 days after treatment, serum was extracted,
and the levels of tumormarkers were detected. An automatic
electrochemiluminescence immunoassay was used to detect
the content of tumor markers of carcinoembryonic antigen
(CEA), carbohydrate antigen 199 (CA199), carbohydrate
antigen 724 (CA724), and carbohydrate antigen 125
(CA125) in serum.

Before treatment and 15 days after treatment, the pa-
tient’s venous blood was collected and the serum was
extracted. An automatic cell analyzer was used to detect the
levels of T-lymphocyte subsets (CD3+, CD4+, and CD8+) in
the serum, and CD4+/CD8+ was calculated at the same time.

Before and 15 days after treatment, venous blood was
collected and serum was extracted from patients. Te
xanthine oxidase method was used to detect the oxidative
stress index superoxide dismutase (SOD) level in serum.

Te quality of life of patients was assessed using the
Quality of Life Core Questionnaire containing 30 items
(QLQ-C30) [10] prepared by the European Organization for
Cancer Research and Treatment. Te fve functional sub-
scales on the QLQ-C30 scale were the physical function, role
function, cognitive function, emotional function, and social
function. Te 3 symptom subscales were fatigue, pain, and
nausea; there was 1 overall quality of life subscale; 5 adverse
reactions were dyspnea, insomnia, loss of appetite, con-
stipation, and diarrhea; and 1 economic item was an eco-
nomic impact. Te higher the score of the functional scale
and the overall quality of the life scale on the QLQ-C30 scale
and the lower the score of the symptom and adverse re-
actions scale, the better the patient’s quality of life.

A follow-up period of 36months was selected after
treatment, with the patient’s death or the study period as the

termination date. Te incidence of adverse reactions such as
hematuria, urinary incontinence, and bladder perforation
during the follow-up period of the patients was counted.

2.5. Statistical Processing. Statistical analysis of the data was
performed using SPSS 19.0 software. Enumeration data were
expressed as frequencies (percentages), and diferences be-
tween groups were compared using the chi-square test.
Enumeration data were expressed as a mean± standard
deviation, and diferences between groups were compared
using the independent samples t-test. P< 0.05meant that the
diference was statistically signifcant.

3. Results

3.1. Clinical Outcomes of CalliSpheres DLMS in Patients with
Advanced Bladder Cancer. Te clinical efect of CalliSpheres
DLMS in the treatment of advanced bladder cancer was
analyzed, and the results are shown in Figure 1. After
CalliSpheres DLMS treatment of 35 advanced bladder cancer
patients, the clinical treatment efect was evaluated as CR in
4 patients (11.43%), PR in 22 patients (62.86%), SD in 8
patients (22.86%), and PD in 1 patient (2.86%). After cal-
culation of ORR and DCR, 26 cases (74.29%) had ORR and
34 cases (97.14%) had DCR.

3.2. ImagingEvaluationofCalliSpheresDLMS inPatientswith
Advanced Bladder Cancer. Quantitative evaluation of the
efect of advanced bladder cancer before and after CalliS-
pheres DLMS treatment using conventional MRI, MR
difusion-weighted imaging, and CT imaging was performed.
Evaluation indicators included ADC and the maximum tu-
mor diameter, and the results are shown in Figure 2.TeADC
value and themaximum diameter of the bladder tumor before
treatment were 1.19± 0.10×10−3mm2/s and 5.82± 1.33 cm,
respectively, and the quantitative indexes after treatment were
1.42± 0.11× 10−3mm2/s and 1.71± 0.46 cm, respectively.
After treatment, the ADC value of the tumor in advanced
bladder cancer patients was signifcantly higher than that
before treatment, while the maximum tumor diameter was
signifcantly smaller than that before treatment, and the
diference was statistically signifcant (P< 0.05).

3.3. Changes in Serum Tumor Markers in Advanced Bladder
Cancer Patients Treated with CalliSpheres DLMS. Te dif-
ferences in the levels of serum tumor markers (CEA, CA199,
CA724, and CA125) in advanced bladder cancer patients
before and after CalliSpheres DLMS treatment were de-
tected, and the results are shown in Figure 3. Before
treatment, the serum levels of CEA, CA199, CA724, and
CA125 were 41.25± 5.36 ng/mL, 122.58± 7.54U/mL,
89.37± 8.97U/mL, and 71.22± 8.05U/mL, respectively. Te
levels of each index after treatment were 15.61± 4.75 ng/mL,
38.93± 6.12U/mL, 21.60± 5.63U/mL, and 30.95± 6.61U/
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mL, respectively. Te serum levels of various tumor markers
in advanced bladder cancer patients after treatment were
signifcantly lower than those before treatment, and the
diference was statistically signifcant (P< 0.05).

3.4. Changes in the Immune Function in Advanced Bladder
Cancer Patients Treated with CalliSpheres DLMS. Te dif-
ferences between the levels of serum T-lymphocyte subsets
(CD3+, CD4+, and CD8+) and the CD4+/CD8+ ratio in
advanced bladder cancer patients before and after CalliSpheres
DLMS treatment were detected, and the results are shown in
Figure 4. Before treatment, serum CD3+, CD4+, and CD8+
levels and the CD4+/CD8+ ratio indexes were 64.58± 5.91%,
44.75± 4.42%, and 23.94± 2.16% and 1.82± 0.41, respectively,
while those after treatment were 58.11± 4.32%, 34.66± 5.10%,
and 25.72± 2.05% and 1.53± 0.39, respectively. After treat-
ment, the levels of CD3+, CD4+, and CD4+/CD8+ in serum of
advanced bladder cancer patients were signifcantly lower than
those before treatment, while the level of CD8+ was signif-
cantly higher than that before treatment, and the diference was
statistically signifcant (P< 0.05).

3.5. Changes in Oxidative Stress Levels in Advanced Bladder
Cancer Patients Treated with CalliSpheres DLMS. Te dif-
ferences in serum levels of oxidative stress index SOD in
advanced bladder cancer patients before and after CalliS-
pheres DLMS treatment were detected, and the results are
shown in Figure 5. Before treatment, the serum SOD level
was 136.53± 15.51U/mL, while that after treatment was
109.22± 11.74U/mL. After treatment, the levels of SOD in
serum of advanced bladder cancer patients were slightly
lower than those before treatment, but the diference was not
statistically signifcant (P> 0.05).

3.6. Evaluation of Quality of Life in Advanced Bladder Cancer
PatientsTreatedwithCalliSpheresDLMS. TeQLQ-C30 was
used to evaluate the quality of life of advanced bladder

cancer patients before and after CalliSpheres DLMS treat-
ment.Te results are shown in Figure 6. It was found that the
fve item scores and QOL scores on the functional subscale
of advanced bladder cancer patients after treatment were
signifcantly higher than those before treatment, and the
diference was statistically signifcant (P< 0.05). After
treatment, the scores of 3 items on the symptom subscale,
the score of 5 items in on adverse reaction subscale, and the
Econ score of patients with advanced bladder cancer after
treatment were signifcantly lower than those before treat-
ment, and the diferences were statistically signifcant
(P< 0.05).

3.7. Safety Evaluation of CalliSpheres DLMS in Advanced
BladderCancerPatients. Te safety of CalliSpheres DLMS in
the treatment of advanced bladder cancer was analyzed, and
the results are shown in Figure 7. After CalliSpheres DLMS
treatment of 35 advanced bladder cancer patients, 2 patients
(5.71%) developed hematuria, 2 patients (5.71%) developed
urethral stricture, 1 patient (2.86%) developed urinary in-
continence, no patients developed bladder perforation
(0.00%), and 4 cases (11.43%) with recurrence.

4. Discussion

Bladder cancer is a type of urological malignancy that occurs
on the bladder mucosa with a high incidence rate and
mortality. Transarterial chemoembolization has been used in
the treatment of advanced bladder cancer patients with
excellent therapeutic efects [11]. However, problems such as
gene mutation and drug resistance prevent patients from
benefting from targeted therapy in the long term.Terefore,
fnding a more efective treatment method is of great sig-
nifcance for improving the prognosis of patients and their
quality of life and prolonging the survival period. Te inner
diameter of drug-loaded microspheres is the key to afecting
the efcacy of transarterial chemoembolization. Currently,
the diameter of drug-loaded microspheres used in clinical
treatment of liver metastases is 100–300 μm [12]. CalliS-
pheres DLMS is a new type of drug-loaded microsphere
system, and its volume will be signifcantly reduced after
drug loading. After 20 days of interventional therapy, with
the gradual release of chemotherapy drugs, the volume of
CalliSpheres DLMS will gradually recover, so it can efec-
tively block the blood vessels supplying tumors and prolong
the recanalization time of the blood vessels supplying tumors
[13, 14].

In this work, CalliSpheres DLMS-transarterial chemo-
embolization was used for the treatment of advanced
bladder cancer patients and imaging techniques such as MR
were used to evaluate the therapeutic efect. It was found that
the ADC value of the tumor increased signifcantly after
treatment, while the maximum diameter of the tumor de-
creased signifcantly. MR difusion-weighted imaging is
a noninvasive functional examination method that can re-
fect the difusion of water molecules in tissues. Since the
difusion of water molecules is afected by themicrostructure
of cells, it can be used in disease diagnosis and therapeutic
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Figure 1: Evaluation of the clinical treatment efect of advanced
bladder cancer patients. CR, complete remission; PR, partial re-
mission; SD, stable disease; PD, disease progression; ORR, overall
response rate; DCR, disease control rate.
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efcacy monitoring [15]. MR difusion-weighted imaging
and changes in the ADC value can be used to evaluate the
dynamic evaluation of the treatment efect of malignant
tumors. Te decrease in the ADC value in malignant tumors
is related to the high density and volume of cells [16]. Tis
work found that the ADC value of tumors in advanced
bladder cancer patients was signifcantly increased after
CalliSpheres DLMS-transarterial chemoembolization. It
indicated that the bladder cancer cell membrane was
destroyed after interventional therapy, that the tumor vol-
ume and tumor cell density decreased after cell necrosis, and
that the increase in the intercellular space provided space for
the difusion of water molecules. An increase in the ADC
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Figure 2: Comparison of MR quantitative parameters in advanced bladder cancer patients before and after treatment. (a)Te ADC value of
the tumor and (b) the maximum diameter of the tumor. BT: before treatment and AT: after treatment. ∗Compared with that before
treatment, P< 0.05.
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Figure 4: Comparison of serum T-lymphocyte subset levels in advanced bladder cancer patients before and after treatment. (a–d) Te
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Figure 5: Comparison of serum levels of oxidative stress indexes in
advanced bladder cancer patients before and after treatment. BT:
before treatment and AT: after treatment.
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value was associated with a reduction in tumor volume [17],
which is consistent with the fndings of this work. In ad-
dition, it was found in this work that the serum levels of
tumor markers [18, 19] (CEA, CA199, CA724, and CA12) in
advanced bladder cancer patients after CalliSpheres DLMS-
transarterial chemoembolization were signifcantly de-
creased, that the ORR was 74.29%, and that the DCR was
97.14%. CEA, CA199, CA724, and CA125 are common
tumor markers, which are often used in disease diagnosis
and treatment evaluation. It indicated that CalliSpheres
DLMS-transarterial chemoembolization has a good clinical
efect in the treatment of advanced bladder cancer.

Abnormal immune function can induce the occurrence
and development of tumors. Immune dysfunction is not
conducive to the recovery of the patient’s body function and
also increases the risk of postoperative recurrence and
metastasis in tumor patients [20]. T lymphocytes mediate
cellular immunity, and studies have confrmed that the levels

of T-lymphocyte subsets in patients with bladder cancer are
signifcantly disrupted [21]. Tis work found that the levels
of serum T-lymphocyte subsets in advanced bladder cancer
patients were altered after CalliSpheres DLMS-transarterial
chemoembolization. Tis suggests that CalliSpheres DLMS-
transarterial chemoembolization directly infuses chemo-
therapeutic drugs into target organs and prolongs the drug
release time, which helps rapidly kill tumor cells, thereby
reducing the impact of tumor infltration on the immune
function of patients. In addition to immune function, oxi-
dative stress is also involved in tumor progression and can
also refect the traumatic stress of patients receiving treat-
ment [22]. SOD can capture and scavenge free radicals in the
body [23, 24]. Tis work found that serum SOD was sig-
nifcantly decreased in advanced bladder cancer patients
after CalliSpheres DLMS-transarterial chemoembolization.
Tis suggests that a certain degree of oxidative stress appears
in advanced bladder cancer patients after CalliSpheres
DLMS-transarterial chemoembolization, but the level of
oxidative stress is relatively stable. Yang et al. [25] confrmed
that the oxidative stress state can aggravate the expression of
infammatory factors, which in turn promotes the in-
fltration of tumor cells. Tis work found that the incidence
of adverse reactions such as hematuria, urethral stricture,
and urinary incontinence in patients with advanced bladder
cancer after CalliSpheres DLMS-transarterial chemo-
embolization was relatively low, and the incidence and re-
currence rates were also relatively low.

5. Conclusion

CalliSpheres DLMS-transarterial chemoembolization is ef-
fective for advanced bladder cancer with higher ORR. It can
reduce the level of tumor markers in patients, reduce the
oxidative stress response caused by surgery, and have a low
impact on the immune function of patients, which can help
improve the prognosis of patients. Using MR difusion-
weighted imaging technology, it was found that the ADC
value of patients with advanced bladder cancer was
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signifcantly reduced after CalliSpheres drug-
loadedmicrosphere-transinternal iliac artery chemo-
embolization. However, this work only compared and an-
alyzed the index changes in advanced bladder cancer before
and after CalliSpheres DLMS-transarterial chemo-
embolization. No randomized controlled trials have been
designed to evaluate the efcacy and safety of CalliSpheres
DLMS-transarterial chemoembolization. In future studies,
more samples need to be included to compare the efcacy
and safety of CalliSpheres DLMS-transarterial chemo-
embolization and traditional transarterial chemo-
embolization in the treatment of advanced bladder cancer.
In conclusion, the results of this work can provide reference
for the clinical application of CalliSpheres DLMS-
transarterial chemoembolization and improve the progno-
sis of patients.

Data Availability
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MRI of prostate cancer (PCa) was performed using a projection onto convex sets (POCS) super-resolution reconstruction
algorithm to evaluate and analyze the treatment of prostate-specific antigen (PSA) and provide a theoretical reference for clinical
practice. A total of 110 patients with PCa were selected as the study subjects. First, the modified POCS algorithm was used to
reconstruct the MRI images, and the gradient interpolation algorithm was used instead of the traditional bilinear algorithm to
preserve the edge information. )e diagnostic and therapeutic effects of MRI examination, PSA examination, and MRI combined
with PSA based on a super-resolution reconstruction algorithm were then compared. )e simulation results showed that the
POCS algorithm was superior to the bilinear interpolation results and was superior to the common POCS algorithm. After adding
noise artificially, the restoration algorithm was effective and could preserve the details in the image. )e performance indexes of
PSA in the diagnosis of PCa were 75.4%, 60.1%, 70.08%, 72.2%, and 60.3%, respectively; the performance indexes of MRI in the
diagnosis of PCa were 84.6%, 61.4%, 71.11%, 73.08%, and 61.9%, respectively; and the performance indexes of MRI combined with
PSA based on the super-resolution reconstruction algorithm in the diagnosis of PCa were 96.05%, 88.3%, 95.1%, 93.6%, and
92.7%, respectively. )e indicators of MRI combined with PSA based on the super-resolution reconstruction algorithm were
significantly higher than those of the other two methods (P< 0.05). )e signal-to-noise ratio of MRI of PCa based on the super-
resolution reconstruction algorithm has been greatly improved, with good clarity, which can improve the diagnostic accuracy of
PCa patients and has certain advantages in the examination. MRI based on the super-resolution reconstruction algorithm has a
high value in the diagnosis and treatment of PCa.

1. Introduction

Prostate cancer (PCa) is one of the most common malignant
tumors threatening the life safety of men, and worldwide, the
incidence of PCa ranks second among male malignant tu-
mors [1]. Although the incidence of PCa is currently low in
China, the incidence of the disease in China has shown a
significant increase in recent years [2]. With the increasing
aging of the population in China, as well as the gradual
hyper-lipidation of dietary patterns and the popularization
of examinations in elderly men, the incidence of the disease
remains an increasing possibility [3]. For the determination
of PCa diagnosis and treatment options as well as its

prognosis, the early diagnosis of tumors and the clinical
staging of tumors play a decisive role. For lesions localized in
the capsule, radical PCa resection is one of the effective
treatments for the disease [4]. At present, prostate biopsy
remains the gold standard for preoperative examination of
PCa in China, but this examination method is not applicable
to patients with smaller lesions because the lesions are
limited by the number of puncture needles when they are
small, and the diseased tissue cannot be removed, resulting
in low sensitivity. )e results of relevant clinical studies
showed that the missed diagnosis rate of needle biopsy was
about 30% [5]. In addition, most elderly patients are not well
tolerated and accepted for the examination, resulting in a
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low proportion of patients receiving puncture techniques
and their clinical popularity. At present, MRI and prostate
specific antigen (PSA) are the main noninvasive methods
used for PCa, but there are differences in the sensitivity and
specificity of various examination techniques. PSA is a serine
protease secreted by prostate epithelial cells that is signifi-
cantly present in both normal and abnormal prostate tissues,
so PSA can be used as a sensitive indicator for PCa ex-
amination [6]. )e normal range of this index is 0∼4 ng/mL.
BPH is predominant in patients with PSA< 4.0 ng/mL, and
PCa is predominant in patients with PSA> 10 ng/mL.
Overall, PSA values are positively correlated with the inci-
dence of PCa, and this index has now become a commonly
used indicator for the diagnosis of PCa [7]. However, PSA is
used as a prostate specific indicator rather than a specific
indicator of PCa. It is therefore nonspecific in diagnosing
PCa. Prostatic hyperplasia, prostatitis, acute urinary reten-
tion, and cystoscopy can cause PSA increase. Moreover, a
significant disadvantage of the PSA test is the inability to
stage PCa.

In recent years, with the gradual application of high-field
MRI, rectal coil, body coil, and other techniques in clinical
practice, the prostate results can be clearly visualized onMRI
T2W1 sequence and hypointense nodules located in the
peripheral zone can be sensitively detected, so its sensitivity
and specificity in the diagnosis of PCa have been signifi-
cantly improved. )e sensitivity can reach 70%∼90%, and
the accuracy of diagnosis is also significantly higher than that
of ultrasound and CT. However, the results of current
clinical studies have shown that some benign diseases such
as prostatitis and PIN will also show the central zone in the
T2WI sequence ofMRI, and hypointense areas will appear in
the hyperintense peripheral zone [8]. It has led to decreased
sensitivity and specificity of MRI for the diagnosis of PCa. In
recent years, MRI technology has been continuously de-
veloped, and new technologies such as DCE-MRI have been
gradually developed. However, some scholars believe that
the sensitivity and specificity of DCE-MRI in the diagnosis of
PCa should be further studied and confirmed. )ere are
many reports on MRI and MRD in the diagnosis of prostate
cancer, and studies have found that MRI-guided prostate
biopsy technique has a significant role in increasing the
positive rate of repeated puncture [9]. Overall, the sensitivity
and specificity of MRI or PSA alone in the diagnosis of PCa
are not too high.

Although MRI has been widely used in clinical practice,
however, its disadvantages are also obvious, for example,
compared with other imagingmethods, the imaging speed of
MRI is significantly slower, which leads to an examination
time of 15 minutes to an hour or even longer. Maintaining a
maneuver for a long time in a closed environment is difficult
for some patients, especially elderly and pediatric patients. In
addition, high-resolution images can hardly be obtained in
the case of movement, so their scanning speed must be fast
to avoid artifacts in the case of movement, and if the patient
and the examiner cooperate improperly, they need to be re-
examined [10, 11]. How to improve the image quality and
resolution after acquisition has become the focus of re-
searchers’ attention. Super-resolution technology has been

widely used and popularized in astronomy, medical imaging,
monitoring, and detection. Traditional super-resolution recon-
struction techniques for single images are defined as observing
and recovering high-resolution images (HR) from low-resolu-
tion images (LR). )e results of subsequent related studies
showed that the algorithm was greatly affected by noise, and the
reconstructed images were less effective [12]. )erefore, this
algorithmhas not beenwidely popularized, but it is helpful to the
research of super-resolution algorithms. After continuous de-
velopment and progress, ultrasonic resolution technology has
also been greatly developed and advanced. )e projection onto
convex sets (POCS) algorithm has been widely used and has
achieved good results. Some scholars use the POCS algorithm to
input the super-resolution algorithm of cardiac images. In this
experiment, three-dimensional super-resolution images were
reconstructed by usingmultiple low-resolution two-dimensional
cardiac MRI images. )is algorithm can not only be used for
cardiac MRI image reconstruction but can also be applicable to
other anatomical structures [13]. )ere are many similar related
studies, but there are few studies and analyses for PCa.

)is study was aimed at investigating the value of MRI
and PSA techniques in PCa based on super-resolution re-
construction algorithms in prostate diagnosis. PCa patients
were selected as the study subjects to compare MRI ex-
amination, PSA examination, and MRI combined with PSA
diagnosis and treatment based on super-resolution recon-
struction algorithms. It was to provide a reference and basis
for the treatment of related diseases in clinical practice.

2. Materials and Methods

2.1. Subjects. A total of 110 PCa patients who visited the
hospital fromMarch 2020 toMarch 2021 were selected as the
study subjects. )ere were 56 male patients and 54 female
patients, with a mean age of 66.3± 12.8 years. Informed
consent was obtained from patients and this study was
approved by the ethics committee of the hospital.

2.1.1. Inclusion Criteria. Patients with suspected prostate
lesions or abnormal serum PSA were identified by digital
rectal examination and B-ultrasonography; patients’ age
ranged from 35 to 80 years; patients’ education level was
primary school or above; patients had no communication
barriers and were able to communicate normally with
researchers.

2.1.2. Exclusion Criteria. Patients with visual acuity or
reading and writing disorders; Patients with clinical diag-
nosis of mental illness; Patients with other serious physical
or organ function diseases; Patients with a history of
prostate-related surgery.

2.2. Test Methods

2.2.1. PSA Examination. All patients underwent fasting
venous blood sampling. Digital rectal examination, cathe-
terization, cystoscopy, prostate biopsy, and other exami-
nations should be avoided before blood collection.
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2.2.2. MRI Examination. A 3.0 T MRI scanner was used and
placed in the body phased array coil, and axial and coronal
fat-compression fast spin echo T2WI scans were performed
locally in the prostate, and pelvic midsagittal T1WI scans
were performed. Magnetic resonance perfusion imaging was
performed: scan parameters were: TR 4.0ms, TE 1.4ms,
using the fat suppression technique; flip angle 90°; matrix
203× 320; FOV 317× 350; slice thickness 2mm; slice dis-
tance 0mm. A high-pressure syringe was used to inject
contrast medium Gd-DTPA at a flow rate of 1.5mL/s
through the cubital vein at a dose of 0.2mol/kg, and the
injection time was 1 to 2 stages from the beginning of the
scan, with a scanning time of 13 to 16 s in each stage, for a
total of 30 stages of the scan. )e obtained images were
processed using the software system.

2.3. Image Processing and Analysis. )e POCS algorithm is
used to reconstruct the MRI image. )e image recon-
struction mainly includes four parts: the feature extraction
and enhancement module; the information refinement
module; the fusion reconstruction; and the loss function.
)e specific details are as follows:

2.3.1. Feature Extraction and Enhancement Module. It is
supposed C1 and C3 represent the convolution function with
size of 1 × 1 and 3 × 3, R represents the ReLU function, Oi

C

represents the convolution output of the layer i, Oi repre-
sents the output of the layer i, and
O1

C � C3(ISR), O1 � R(O1
C). )e subsequent convolution

output representation is shown in the following equation.

O
i
C �

C3 Oi�1( 􏼁, i is odd number

C1 Oi�1( 􏼁, i is even number
􏼨 . (1)

i ∈ (2, 17) represents the layer index. )e output rep-
resentation of each layer is shown in the following equation.

Oj �
R O

j

C + 􏽘

j�2

j�1
O

j

C
⎛⎝ ⎞⎠, j is odd number

R O
j

C􏼐 􏼑, j is even number

⎧⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎩

. (2)

j ∈ (2, 17), the expression method of feature extraction
and enhancement module output is shown in the following
equation.

O17 � R O
17
C + 􏽘

15

j�1
O

i
C

⎛⎝ ⎞⎠. (3)

“+” means residual learning, and O17 will eventually be
input into the informatization module.

2.3.2. Information RefinementModule. In the initial stage, in
order to optimize the input feature Ft

in with the feedback
information Ft−1

in , Ft
in and Ft−1

out are spliced and compressed to
generate the refined initial feature Lt

0 by Conv(1, m), as
shown in the following equation.

L
t
0 � C0 F

t−1
out , F

t
in􏼐 􏼑. (4)

C0 is the initial compression operation, (Ft−1
out , Ft

in) in-
dicates the splicing of Ft−1

out and Ft
in. It is assumed that LR and

HR characteristic maps are given by the g characteristic
mapping structure of the t iteration, and the Ht

g repre-
sentation method of the HR characteristic map is shown in
the following equation.

H
t
g � G

↑
g L

t
0, L

t
1, . . . , L

t
g−1􏼐 􏼑. (5)

G↑g indicates that the down-sampling operation is per-
formed using Deconv (k,m) in the g feature mapping
structure. )e representation method of the characteristic
diagram Lt

g corresponding to LR is shown in the following
equation.

L
t
g � G

↓
g H

t
1, H

t
2, . . . , H

t
g􏼐 􏼑. (6)

G↓g indicates that the down-sampling operation is per-
formed using Conv (k,m) in the g featuremapping structure.

In order to make full use of the structural information of
each feature map, it fuses the feature LR generated by the
feature map structure, and the output of the generated in-
formation refinement module is as follows:

F
t
out � C

t
FF L

t
1, L

t
2, . . . , L

t
G􏼐 􏼑. (7)

Ct
FF means the function of Conv (1, m).

2.3.3. Fusion and Reconstruction Module. )e expression
method of feature fusion process is as follows:

ORB � R O1 + F
t
out􏼐 􏼑, (8)

O1 and Ft
out represent the low-level feature and the high-level

feature, respectively, and ORB indicates the output of fast
information fusion.

)e function description of the reconstruction module is
as follows:

OSR � C3 R C3 R C3 R C3 ORB( 􏼁( 􏼁( 􏼁( 􏼁( 􏼁( 􏼁( 􏼁. (9)

Loss function: the L1 loss function is selected to optimize
the network model. )e specific network loss function is as
follows:

L(θ) �
1
T

􏽘

T

i�0
I

t
HR − I

t
SR

����
����. (10)

T represents the total number of iterations, It
HR repre-

sents the label of the LR image input in the t iteration, and
It
SR represents the reconstructed image generated in the t
iteration.

2.4. Evaluation of Image Reconstruction Effect. Peak signal-
to-noise ratio (PSNR) and structural similarity (SSIM) were
used to evaluate the performance of the algorithm. PSNR
evaluates the image reconstruction quality by calculating the
pixel difference between images. )e specific principle is as
follows:
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MSE �
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m−1

i�0
􏽘

n−1
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(X(i, j), Y(i, j))

2
,

PSNR � 10 log10
2k

− 1􏼐 􏼑
2

MSE
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(11)

)e calculation method of SSIM is as follows:

l(X, Y) �
2μXμY + C1

μ2X + μ2Y + C1
, (12)

c(X, Y) �
2σXσY + C2

σ2X + σ2Y + C2
, (13)

s(X, Y) �
σXY + C3

σXσY + C3
, (14)

SSIM(X, Y) � l(X, Y) · c(X, Y) · s(X, Y). (15)

2.5. StatisticalMethods. SPSS 22.0 statistical software was used
for data analysis. Measurement data were expressed as
mean± standard deviation (x± s). )e t-test was used for
comparison between groups. Analysis of variance was used for
comparison within groups. )e χ2 test was used for enu-
meration data. P< 0.05 was considered statistically significant.

3. Results

3.1. Patient’s MRI Image. MRI images of patients before and
after processing are shown in Figure 1. Compared with the
original image, the image quality of MRI images processed by
high-resolution reconstruction algorithm was significantly im-
proved; the image sharpness was also increased; and the edge;
characteristics; and details of the lesion were clearer and more
prominent.

3.2. Evaluation Results of Algorithm Reconstruction
Performance. )e evaluation results of the image reconstruc-
tion quality of traditional image processing techniques and the
proposed algorithm are shown in Figures 2 and 3. )e PSNR
and SSIM values of the traditional algorithm were 22.3 and
0.735, respectively, and the PSNR and SSIM values of the
proposed algorithm were 28.6 and 0.89, respectively. It can be
found that the proposed algorithm performed significantly
better than the traditional algorithm.

3.3. Judgment of PCa Results by Different DiagnosticMethods.
)e results of different diagnostic methods for PCa are
judged as shown in Figures 4–6. Analysis of Figures 4–6
showed that the performance indicators of PSA in the di-
agnosis of PCa were 75.4%, 60.1%, 70.08%, 72.2%, and
60.3%, respectively; the performance indicators of MRI in
the diagnosis of PCa were 84.6%, 61.4%, 71.11%, 73.08%, and
61.9%, respectively; and the performance indicators of MRI
combined with PSA based on super-resolution recon-
struction algorithm in the diagnosis of PCa were 96.05%,
88.3%, 95.1%, 93.6%, and 92.7%, respectively. )e indicators

of MRI combined with PSA based on the super-resolution
reconstruction algorithm were significantly higher than
those of the other two methods (Figure 7).

4. Discussion

PCa, is a highly prevalent and common malignant tumor
disease in men in Europe and the United States. Globally,
PCa has the second highest incidence among all male
malignancies [14]. In the US, PCa has surpassed lung cancer
as the biggest threat to men’s health in cancer rankings that
threaten men’s health. Although its incidence in China is
lower than that in Europe and the United States, it has shown
a significant increase in recent years and has become the
third most important malignant tumor threatening male
health after male urinary and reproductive system tumors
[15]. In half of the cases, PCa progresses more slowly and the
clinical symptoms are very insignificant. In addition, the
disease is often easily misdiagnosed as benign prostatic
hyperplasia, which leads to delayed diagnosis and treatment.
It leads to missed timing of radical prostatectomy. In
summary, it has a very important role and significance for
the early diagnosis of PCa treatment. In recent years, PSA
and MRI technology have developed rapidly and have been
widely used in multiple disease areas. )e above two
techniques are also of great help and advancement for the
diagnosis of PCa [16].

PSA is a serine protease secreted by prostate tissue.
Currently, its criteria for PCa diagnosis are RPSA> 10 ng/
mL for PCa and RPSA< 10 ng/mL for prostate cancer hy-
perplasia [17, 18]. In general, PSA is characterized by high
sensitivity and low specificity for the diagnosis of PCa. )e
gray zone of PSA detection is 4 ng/mL< PSA< 10 ng/mL,
and the overlap zone between benign prostatic hyperplasia
and PCa is large. In general, PSA is specific for prostate tissue
but not for PCa. It has some impact on the accuracy and
sensitivity of PSA for the diagnosis of PCa [19]. PSAwas applied
to diagnose PCa.)e results showed that the negative predictive
value, positive predictive value, accuracy, specificity, and sen-
sitivity of PCa were 75.4%, 60.1%, 70.08%, 72.2%, and 60.3%,
respectively. It can be found that its performance is general in
PCa diagnosis.

MRI can provide physiological, pathological, biochem-
ical, and anatomical information about the prostate. It has
high sensitivity for both diagnosis and staging of PCa. )is
method is considered to be the most effective and ideal
noninvasive test for PCa. MRI can quantitatively measure
and display the characteristics of water molecules in the
microscopic water environment in tissues, thus further
providing information on tissue spatial results, so it has the
advantages of multi-directional imaging and good tissue
resolution [20]. )erefore, it has high application value and
potential in the detection of tiny lesions, differentiation of
benign and malignant tumors, tumor staging, and helping
doctors develop scientific and effective treatment plans.
However, MRI also has deficiencies, such as significant
changes in metabolic information in patients who have
undergone digital examination of tissues and organs, and
therefore MRI is clearly not applicable to such patients [21].
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MRI was used to diagnose PCa. )e results showed that the
negative predictive value, positive predictive value, accuracy,
specificity, and sensitivity of PCa were 84.6%, 61.4%, 71.11%,
73.08%, and 61.9%, respectively. It can be found that its
performance in PCa diagnosis is slightly better than in PSA
diagnosis.

In recent years, computer and network technology have
developed rapidly and advanced, gradually penetrating into
various fields. It has also been applied and developed in the

medical field, and one of the more interesting technologies
is super-resolution technology [22]. In the 1960s, high-
resolution images can be obtained by mining the prior
knowledge of low-resolution images and reconstructing
image information for images with lower resolution.
However, the results of further research show that the
reconstructed image quality is interfered with greatly by
noise and its quality is not high, so this algorithm has not
been widely popularized and applied. After continuous
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Figure 3: Comparison of SSIM index results. ∗Compared with
traditional algorithm, P< 0.05.
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Figure 2: Comparison of PSNR index results. ∗Compared with
traditional algorithm, P< 0.05.
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Figure 1: MRI images presentation of the typical case. (a)–(c): pre-processing image; (d)–(f): processed image.
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development and progress, super-resolution technology
has been continuously improved and innovated, of which
the technology that has received more attention and higher
performance is POCS [23]. )e convergence speed of the
algorithm is fast, and the image reconstruction time is
greatly shortened. In recent years, there have also been
many studies on the application of related technical
medical fields. For example, some scholars use the POCS
algorithm to input the super-resolution algorithm of car-
diac images, and in the experiment, multiple low-resolu-
tion two-dimensional cardiac magnetic resonance images
were reconstructed into three-dimensional super-resolu-
tion images, which can not only complete the recon-
struction of cardiac magnetic resonance images but also be
suitable for other human anatomical structures. )ere are
many similar related studies, but there are few studies and
analyses for PCa [24, 25]. MRI technology and the super-

resolution reconstruction algorithm were combined to
diagnose PCa. )e results showed that the negative pre-
dictive value, positive predictive value, accuracy, specific-
ity, and sensitivity of PCa were 96.05%, 88.3%, 95.1%,
93.6%, and 92.7%, respectively. Its performance in PCa
diagnosis is significantly better than PSA or MRI alone.
)is indicates that MRI technology based on the super-
resolution reconstruction algorithm has high application
value in PCa diagnosis. It provides a reference and a basis
for clinical treatment of related diseases.

5. Conclusions

Prostate cancer patients were selected as the study
subjects. All patients underwent PSA and MRI exami-
nations. )e obtained MRI images were processed by the
super-resolution reconstruction algorithm. )e PSNR
and SSIM indexes were used to evaluate the image re-
construction performance of the algorithm. )e accu-
racy, sensitivity, specificity, positive predictive value, and
negative predictive value of PSA, MRI, and MRI com-
bined with PSA based on the super-resolution recon-
struction algorithm in the diagnosis of PCa were
compared. )e results show that the quality of the image
processed by the super-resolution reconstruction algo-
rithm was significantly improved, and the scores of PSNR
and SSIM indexes of the proposed algorithm were sig-
nificantly higher than those of the traditional image
processing method. MRI combined with PSA based on
the super-resolution reconstruction algorithm had sig-
nificantly higher scores than PSA and MRI alone in the
diagnosis of PCa. It provides a new idea and reference for
the diagnosis of PCa in clinical practice. However, there
are still some defects and deficiencies. )e POCS algo-
rithm was only introduced into MRI image processing of
PCa patients. Moreover, more excellent algorithms are
introduced, which makes it impossible to guarantee that
the image processing algorithm is optimal. In the future,
more algorithms will be introduced into MRI image
processing of PCa patients in order to find the optimal
image processing algorithm.
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Figure 4: PSA diagnosis results.
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Figure 5: MRI diagnostic results.
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Figure 6: Diagnostic results of MRI combined with PSA based on
super-resolution reconstruction algorithm.
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Objectives. )e aim of the paper is to explore the clinical efficacy and prognosis of the modified implantation of atrial septal defect
(ASD) closure device to treat bronchopleural fistulas (BPFs). Methods. )is paper has reviewed the results of 13 BPF patients
implanted with a modified ASD closure device in Shaw Hospital Affiliated with the Medical College of Zhejiang University from
October 2018 to November 2021. Anesthesia was selected based on the patient’s condition. Different sizes of ASD closures were
selected based on the characteristics of fistulas. )e modified implantation of the ASD closure device was applied to treat BPFs.
)e closure effects, closure time, and Borg score were observed at 4 weeks, 8 weeks, and 12 weeks after the surgery. Results. All 13
BPF patients were successfully implanted with the ASD closure device, and the immediate clinical remission rate was 100%.
Follow-up at 4 weeks after the surgery showed that 2 cases were automatically discharged within a few days and 4 cases had closed
fistula at 1 day after the surgery; follow-up at 8 weeks after the surgery showed that 1 case with fistula closure was observed at 55
days after the surgery; follow-up at 12 weeks after the surgery showed that 1 case with fistula closure was observed at 82 days after
the surgery. T/P values (T� 7.90, 5.99, 7.44, P< 0.05) of paired t-tests before surgery and 4 weeks, 8 weeks, and 12 weeks after the
surgery were rated by the Borg scale. )e data were statistically different, and the clinical symptoms improved significantly. As of
publication, the follow-up at 12 weeks after the surgery showed that the clinical remission rate was 9/11, namely, 81.8%, 3 of 11
cases had relieved clinical symptoms but still needed continuous drainage, and 2 cases had fistula closure. )e median time of
thoracic extubation was 63 (3,120) days. No patients died from surgical complications or BPF recurrence during the prognosis and
the follow-up period. Conclusions. )e modified implantation method has a high success rate and clinical remission rate, quick
and early fistula closure, and simple and noninvasive operation, without the need for a dedicated delivery sheath and rigid
endoscopy. Moreover, it has accurate positioning, reliable closure efficiency, and prognosis, and can be completed under local
anesthesia. )is reduces the operation time, difficulty, and risks of anesthesia.

1. Introduction

BPF is an abnormal sinus tract among the trunk, pulmonary
lobe, or segmental bronchial tract and the pleural cavity.
Although it is relatively rare, BPF has a life-threatening
postoperative complication. Its postoperative morbidity
after total pneumonectomy is 2∼20%; postoperative mor-
bidity after lobectomia pulmonalis is 0.5∼3%, and its
mortality is 16∼71% [1]. BPF recurrence rate after surgical
repair is as high as 23.6% [2]. In clinical work, we found that

patients generally have contraindications. Interventional
treatment such as a stent, plugging agent, or closure can
effectively control BPF-related symptoms [3].

ASD closure was reported to treat BPFs in 2008 [4–6],
which requires fluoroscopic positioning, rigid endoscopy,
and intravenous general anesthesia. Fluorescein angiogra-
phy can draw the outline of fistula anatomic structure, di-
ameter, length, and deep structure, as well as the relative
position of ASD closure to stump and fistula after operation
[7]; rigid endoscopy provides a temporary channel for
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bronchoscopy and dedicated delivery sheath to pass through
rima glottidis simultaneously [8]; intravenous general an-
esthesia can provide better operation conditions and reduce
surgical accidents caused by the patient’s failure to coop-
erate. However, when recovering from intravenous general
anesthesia, the patient may have temporary increases in BP
and HR. Such side effects are generally controllable. But
serious side effects may lead to terrible cardiovascular and
cerebrovascular accidents, such as cerebral hemorrhage and
myocardial ischemia [9]. )e efficacy and prognosis of
closure surgery are reliable, but the risk of rigid endoscopy
and intravenous general anesthesia limits the feasibility of
interventional treatment [5, 6]. To reduce the difficulty of
closure surgery and anesthesia risks, improve the feasibility
of the surgery, simplify cumbersome steps, and overcome
the high requirements of rigid endoscopy in traditional
closure surgery, our hospital modified the implantation of
ASD closure by hiding the dedicated delivery sheath in the
bronchoscope working channel in 2018. )is method re-
duces the diameter of operating equipment passing through
the rima glottidis and does not require rigid endoscopy,
intravenous general anesthesia, or dedicated delivery sheath.
Moreover, it uses bronchoscope direct vision instead of
fluorescein angiography for fistula evaluation. To explore the
application of this modified implantation, this paper ana-
lyzed the clinical data of 13 BPF patients treated with
modified implantation of ASD closure from October 2018 to
November 2021.

2. Data and Methods

2.1. General Data. 13 BPF patients treated with modified
implantation of ASD closure from October 2018 to No-
vember 2021 were reviewed, including 12males and 1 female
aged 40–73 years old. )ey were all patients with a previous
history of pulmonectomy and had signed informed consent
prior to the surgery.

2.2. Clinical Instruments and Materials. BF-1T260 with an
external diameter of 6.0mm and a 2.8mm working channel
(OLYMPUS, Japan) was selected as the bronchoscope, and
different types of ASD closures (Shandong Weixin Medical
Device Co., Ltd.) were selected based on the characteristics
of the fistulas. ASD closure is woven by a shape-memory
alloy-nickel-titanium alloy wire. It has a double-disc
structure (12–56mm), which was connected through the
waist (4–38mm) with PE-coated film.

2.3. Preoperative Preparation. (1) Fasting for 8 hours before
surgery; (2) preoperative tests are carried out before planned
surgery, including routine blood tests, blood biochemistry,
preoperative immunization, urine routine, ECG, cardiac
ultrasound, and chest CT; (3) preoperative supportive
treatment includes anti-infection, nutritional support, and
closed thoracic drainage.

2.4. Anesthesia. Choose the following anesthesia method
based on the patient’s condition:

(1) Local anesthesia combined with compound sedation
and analgesia: atomization inhalation of 2% lido-
caine 10ml (about 15min), intravenous infusion of
midazolam 2.5mg, intravenous infusion of sufen-
tanil 0.025mg.

(2) Intravenous general anesthesia: venous channels
were established and ECG, heart rate, blood pressure,
SPO2, and ETCO2 were monitored. Patients intra-
venously received 0.02–0.04mg/kg midazolam,
0.3–0.5 μg/kg sufentanil, 1.0–2.0mg/kg propofol,
and 0.12–0.15mg/kg cis-atracurium in turn. )e
anesthesia machine was connected by a three-way
tube. During surgery, propofol 4–6mg/(kg·h) was
infused continuously by a pump, with an intermit-
tent intravenous injection to deliver anesthetic as
needed. Spontaneous breathing was maintained after
the recovery of muscle relaxation, and intermittent
assisted respiration was maintained till the end of the
surgery.

2.5. Operation Process. In the supine position, the patient
was administered general anesthesia or local anesthesia. A
tracheoscope was inserted to determine the location, di-
ameter, and structure of BPFs. Different sizes of ASD clo-
sures were selected based on the characteristics of the
fistulas. A guide wire passed through the working channel
via the biopsy hole and connected with the ASD closure
which has a special nut structure at the bottom of the inner
disc. )e ASD closure device was tested for release and
folding. After the device is confirmed to meet the require-
ments, a bronchoscope with the ASD closure device at its top
was inserted into the fistula. )e guide wire was pushed to
release the far-sided disk. After the bronchoscope and guide
wire were kept relatively fixed, the far-sided disk was pushed
and pulled to make it cling to the internal wall of the fistula

(a) (b) (c)

Figure 1: Installation of ASD closure at the top of the bronchoscope.
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after being fully unfolded. )e near-sided disk was not
released until the far-sided disk was confirmed to cling to the
internal wall of the fistula. After the release, the guide wire
was pulled to observe whether it was firm enough. )en, the
guide wire was released by rotating the nut structure. And
the patient was pushed to the postanesthesia care unit

(PACU) after the surgery. Figure 1 shows the steps of in-
stalling the occluder and storing it at the head end of the
working channel of the tracheoscope. Figure 1(a) shows the
guide wire is extended and connected with the inner disc
port of the occluder by a rotating nut structure. Figure 1(b)
shows the successful connection between the guide wire and

Table 1: General conditions of patients.

No. Gender/
age Pulmonary surgery site Fistula location Histopathology Time of fistula

occurrence (day)
Fistula diameter

(mm)
1 F/73 Right lower lung Right lower lung Adenocarcinoma 240 10

2 M/64 Right lower lung Right lower lung Squamous cell
carcinoma 20 8

3 M/66 Left lung Left main lung Squamous cell
carcinoma 9 8

4 M/71 Left upper lung Left upper lung Non-small-cell
carcinoma 40 8

5 M/70 Right lung Right main lung Non-small-cell
carcinoma 60 10

6 M/56 Right middle bottom lung Right middle
lung

Squamous cell
carcinoma 30 6

7 M/44 Left upper lung Left upper lung Granulomatous 50 5
8 M/40 Left upper lung Left upper lung Tuberculosis 60 5, 3, 2, 2

9 M/66 Right middle, upper lung
posterior segment

Right middle
lung Adenocarcinoma 11 5

10 M/71 Left upper lung Left upper lung Adenocarcinoma 21 7

11 M/67 Right lower lung Right lower lung Squamous cell
carcinoma 30 5, 5

12 M/73 Right middle bottom lung Right middle
lung

Squamous cell
carcinoma 120 7

13 M/40 Right upper lung Right upper rear
lung Tuberculosis 1 5, 3

Figure 2: After implantation of the ASD closure device in the right middle lung lobe (Table 1 No.6).
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(a) (b)

(c) (d)

(e) (f )

Figure 3: After implantation of the ASD closure device in the left upper lung lobe (Table 1 No.4).
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the inner disc of the occluder. Figure 1(c) shows the occluder
is stored at the head end of the working channel of the
tracheoscope.

2.6. Indications and Contraindications

Indications: (1) fistula diameter >5mm; (2) the anat-
omy of the fistula is similar to ASD [10];
Contraindications: (1) fistula periphery has or is near
the large vessel [11]; (2) the fistula is located at the
bronchus below the pulmonary segment; (3) incom-
plete lung fissure or cribriform fistulas (many small
fistulas) appears in the lung section after pulmonary
wedge resection.

2.7. Observation Indicators. )e fistula closure, length of
fistula closure, thoracic extubation time, and Borg score of
the patient were observed at 4 weeks, 8 weeks, and 12 weeks
after the surgery [12].

2.8. Criteria of Fistula Closure Efficacy. Based on experience,
Professor Wang Hongwu and his team formulated a
criterion for evaluating the efficacy of fistula closure [13].
Cure (CR) denotes that the fistula is healed and clinical
symptoms are completely relieved for 1 month; clinical
remission (CCR) indicates that the fistula is not healed,
but completely occluded by the stent, and symptoms
such as coughing while drinking liquids or fever are
completely relieved for more than 1 month; partial relief
(PR) means that fistula is not closed, but partially oc-
cluded by the stent, and clinical symptoms are partially
relieved; invalid (NR) represents that fistula is neither
closed nor occluded by the stent, and clinical symptoms
are not relieved.

2.9. Statistical Methods. SPSS26 is used for statistical
analysis of patients’ general conditions, operation minutes,
Borg scores, etc. Categorical data results are expressed as
constitutive ratios and the measurement results are
expressed as x± s. A paired t-test is conducted before and
after the surgery and P< 0.05 is considered statistically
significant.

3. Results

3.1. Clinical Data. Basic information through Table 1, we
know that there were 13 patients with BPFs, including 12
males (92.3%) and 1 female (7.7%), aged 61.62± 12.43.
Different pulmonary surgery sites occurred in 13 cases
(including 2 cases of pneumonectomy and 11 cases of lo-
bectomy or segmentectomy). In the 13 cases, fistulas were
located at different parts of the lungs, including 1 at the left
mainstem bronchus, 1 at the right mainstem bronchus, 4 at
the left upper lung lobe, 1 at the right upper lung lobe, 3 at
the right middle lobe, and 3 at the right lower lobe. Among
13 patients with BPFs, there were 5 squamous cell carci-
noma, 3 adenocarcinomas, 2 non-small-cell carcinomas, 2
tuberculosis, and 1 granulomatous. )e median time for
patients to develop postoperative fistulas was 30 days (15.5,
60) days, the total number of fistulas was 18, and the di-
ameter of the fistula was 5.57± 2.44mm. Figure 2 treatment
picture information comes fromNO.6 patient in Table 1.)e
patient had right mesobronchial lung cancer, and the fistula
appeared 30 days after the operation. )e diameter of the
fistula was 6mm. Figure 2(a) shows the fistula after tra-
cheoscopy, and Figure 2(b) shows the fistula after successful
closure. Figures 2(c) and 2(d) are preoperative chest CT
images. Figure 3 treatment data are from NO.4 patient in
Table 1. )is patient had left upper lung cancer, and the
fistula appeared 40 days after the operation. )e diameter of
the fistula was 8mm. Figure 3(a) is the preoperative chest CT
of the patient, Figure 3(b) is the fistula under the intra-
operative tracheoscope, Figure 3(c) is the fistula after the
successful placement of the occluder, Figures 3(d) and 3(f )
are the postoperative chest CT Reexamination results, and
Figure 3(e) is the postoperative drainage bag drainage of the
patient.

3.2. Postoperative Follow-Up Efficacy. According to the
statistical data in Table 2, the follow-up after 4 weeks of the
surgery showed that 2 patients died (nonsurgery caused) and
11 patients survived, including 4 CR, 2 CCR, 4 PR, and 1 NR,
with the fistula closure rate of 36.4%, and the clinical re-
mission rate of 90.9%. )e follow-up after 8 weeks of the
surgery showed that there were 5 CR, 3 CCR, 2 PR, and 1
NR, with a fistula closure rate of 45.5%, and a clinical re-
mission rate of 90.9%. )e follow-up after 12 weeks of the
surgery showed that there were 6 CR, 2 CCR, 1 PR, and 2
NR, with a fistula closure rate of 54.5%, and a clinical re-
mission rate of 81.8%, as well as 1 BPF recurrence.

According to relevant data in Table 3, we know that 12
received chest drains prior to the surgery and 13 received
chest drains after the surgery. After the surgery, 8 patients
stopped leaking air bubbles immediately (66.7%), and 4
patients leaked fewer bubbles than before (33.3%). 4 patients
received thoracic extubation within 4 weeks, 5 of them
within 8 weeks, and 6 patients were removed from the tube
within 12 weeks. After 12 weeks, other 3 patients had the
chest drain removed and 4 did not meet the criteria (Among
the 4 patients, 2 had persistent fistulas and 2 were discharged
a few days after the surgery). 8 cases had a closed fistula

Table 2: Efficacy of postoperative follow-up.

4 weeks 8 weeks 12 weeks
CR 4 5 6
CCR 2 3 2
PR 4 2 1
NR 1 1 2
Number of cases 11∗ 11 11
Clinical remission rate∗∗ 90.9% 90.9% 81.8%
Note. ∗ 2 cases were discharged a few days after the surgery; ∗∗ Clinical
remission rate� (CR+CCR+PR)/number of cases.
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immediately after the surgical treatment. )e longest time
for the fistula to heal was 195 days. )e success rate of
extubation was 9/11, namely, 81.8%. )e median time of
extubation was 63 (3,120) days. As of publication, the follow-
up period was 20.2± 12.2 months, with the longest of 37.4
months and the shortest of 0.1 months. During the follow-up
period, 11 patients survived and 2 died of aggravated pul-
monary abscess or empyema. As for anesthesia, 7 patients
received local anesthesia and 6 had intravenous general
anesthesia. )e operation time was 16.8± 6.0min, with the
shortest of 7min and the longest of 25min. )e waist di-
ameter of the ASD closure device was 8.6± 1.9mm, with the
maximum and minimum diameters of 12mm and 6mm,
respectively.

According to the treatment information in Table 4, there
were statistically significant differences between the Borg
scores 4, 8, and 12 weeks after the surgery and before surgery
(P< 0.05), indicating clinically meaningful improvement in
symptoms and quality of life.

3.3. Postoperative Complications. After the surgery, the
patient’s cough, purulent sputum, chest tightness, and
shortness of breath were significantly reduced, and the Borg
score became much lower. )ree patients had mild phar-
yngalgia and globus sensation within 1 week after the ASD
closure device was implanted. It may be related to bron-
choscopy. )erefore, the patients were given budesonide
suspension (2mg/time, twice/d) for oral inhalation (Pmi-
klingshu 1mg/2ml, AstraZeneca Pharmaceutical Co., LTD.)
and their symptoms were thus relieved. After the surgery,
pulmonary abscesses were reported by four patients, two of
whomwere discharged a few days after the surgery and one had
fistula closure after debridement. Another one had fistula
closure but required continuous chest drain. )is may be
caused by lung abscess combined with pulmonary Aspergillus.

4. Discussion

ASD closure for the treatment of BPFs requires fluoroscopic
positioning, rigid endoscopy, and intravenous general an-
esthesia. Fluorescein angiography can draw the outline of
fistula anatomic structure, diameter, length, and deep
structure, as well as the relative position of the ASD closure
to stump and fistula after operation; rigid endoscopy pro-
vides a temporary channel to ensure that bronchoscopy and
dedicated delivery sheath pass through rima glottidis si-
multaneously [8]; intravenous general anesthesia can pro-
vide better operation conditions, reduce surgical accidents
caused by the patient’s failure to cooperate. However, rigid
endoscopy requires a high level of operation, and there is a
risk of respiratory tract contusion; intravenous general

anesthesia increases surgical compliance and reduces fear,
and large doses of anesthetics will lead to respiratory de-
pression, delayed recovery, or symptoms of hypoxemia;
Fluorescein angiography increases radiation exposure to the
body and harms health and safety [7]. )e average diameter
of the widest cauda commissure of adult rima glottidis is
8mm, and the diameters of a dedicated delivery sheath
(diameter 2mm) and tracheoscope (outer diameter 5.0mm)
are too large to pass through an adult’s rima glottides [14]. If
the diameter of operating equipment can be reduced, then
passing through the rima glottidis will become easier,
without the need for rigid endoscopy or intravenous general
anesthesia. )is can simplify the operation and reduce the
risk of anesthesia.

Our hospital modified the implantation of ASD closure
by discarding the dedicated delivery sheath and replacing it
with the bronchoscope working channel, which reduces the
diameter of operating equipment that passes through the
rima glottidis. )is operation requires no rigid endoscopy,
and it can be completed under local anesthesia. In this way,
the anesthesia intensity and risks as well as the operation
time and difficulty can both be reduced. 7 cases were suc-
cessfully implanted with the ASD closure device under local
anesthesia, with a reduced operation time (16.8± 6.0min) of
only 7min (Table 2 No.1) at a minimum.

)e modified implantation of ASD closure has its lim-
itations. )e top of the bronchoscopy working channel
(inner diameter 2.8mm) can release and fold ASD closure,
but it is not applicable to ASD closure devices with a di-
ameter of more than 2.8mm after folding. In addition,
different brands of ASD closure devices may have different
sizes of discs after folding, the surgeons should mind this
during operation.

Our modified implantation of ASD closure device has a
high success rate and clinical remission rate, quick and early
fistula closure, and simple and noninvasive operation, without
the need for dedicated delivery sheath or rigid endoscopy. It has
accurate positioning, reliable closure efficiency, and prognosis
and can be carried out under local anesthesia. With shorter
operation time and lower risks of anesthesia, it is worth
promoting as a minimally invasive, efficient, and safe method.

Data Availability

)e datasets used and/or analyzed during the current study
are available from the corresponding author upon reason-
able request.
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Table 4: Comparison of Borg scores before and after the surgery.

Before surgery 4 weeks after the surgery 8 weeks after the surgery 12 weeks after the surgery
Borg score 5.15 + 2.23 0.73 + 0.90 0.82 + 1.78 0.3 + 0.48
Number of cases 13 11 11 11
t 7.9 5.99 7.44
P <0.001 0.0001 <0.001
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+is study was aimed to investigate the changes of brain MRI features and serum biological parameters in patients with TLE. 30
patients with unilateral TLE confirmed by surgical pathology were selected as study subjects, and 30 subjects without a history of
epilepsy who underwent health examinations during the same period were selected as controls. +e brain MRI features of the
patients were explored and the T2 relaxation time (HCT2) indexes of the bilateral hippocampus were extracted.+e differences in
levels of peripheral blood T lymphocyte subsets, inflammatory cytokines, and miRNAs were measured. +e results showed that
the hippocampal volume of TLE patients was significantly reduced, and the HCT2 value of the hippocampus was greater than that
of the control group (P< 0.05). CD3+ (77.9± 4.4)%, CD4+ (45.6± 2.2)%, CD8+ (22.1± 1.9)%, and CD3+/CD8+ (2.24± 0.22) in
peripheral blood T lymphocyte subsets of epileptic patients, compared with control group, CD3+, CD4+, and CD4+/CD8+ levels
were significantly increased and CD8+ concentration was significantly decreased in epileptic patients (P< 0.05); inflammatory
cytokines TNF-α was (2.63± 0.26) pg/mL, IL-1β was (4.61± 0.57) pg/mL, IL-2 was (1.59± 0.21) pg/mL, IL-6 was (2.28± 0.19) pg/
mL, and ICAM-1 was (1.89± 0.30) pg/mL in peripheral blood of epileptic patients, which was significantly increased compared
with control group, while IL-10 was significantly decreased in epileptic patients (P< 0.05); miR-146a was (2.14± 0.28) and miR-
210 was (1.89± 0.31), miR-221 (2.44± 0.35), miR-34a (0.59± 0.14), miR-135b (10.17± 0.16), miR-33 (0.26± 0.09) in peripheral
blood miRNA levels of epileptic patients, and miR-146a, miR-210, miR-221, and miR-34a levels of epileptic patients were
significantly increased compared with control group, while MiR-135b and miR-33 levels of epileptic patients were significantly
reduced (P< 0.05). In summary, patients with TLE have hippocampal lesions, which may be related to peripheral blood
T lymphocyte subsets imbalance, chronic inflammatory response, and abnormal expression of miRNAs.

1. Introduction

+ere are many factors that induce epilepsy, which are
mainly characterized by transient central nervous cell dys-
function due to recurrent episodes of abnormal neuronal
discharges, so it belongs to chronic neurological diseases [1].
+e medial temporal lobe structures of the brain are mainly
composed of hippocampal regions, amygdala regions, and
internal olfactory cortex. When these structures are ab-
normal, it will lead to the occurrence of TLE [2]. Studies have
confirmed that hippocampal sclerosis is one of the main
factors leading to TLE [3]. Epilepsy patients will be ac-
companied by different degrees of psychological and

behavioral disorders, which has seriously affected the quality
of life of patients. +erefore, how to effectively control
seizures has become the focus of current research. +e
pathogenesis of epilepsy is complex and not fully elucidated.
However, the evidence shows that immune factors play an
important role in seizures [4, 5]. CD4+ and CD8+ in
T lymphocyte subsets have been confirmed to be related to
the degree of neuronal injury in the hippocampus, which in
turn is involved in the process of TLE [6]. In addition,
neuronal apoptosis and abnormal inflammatory response
are also important pathological links causing seizures. +e
overexpression of promoting apoptotic factors, the excessive
accumulation of inflammatory factors, and abnormal
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neuronal function are all related to the occurrence and
development of epilepsy [7]. MiRNAs, as a class of non-
coding RNA molecules about 20∼24 bp in length, are in-
volved in the regulation of a variety of gene expression and
signaling pathways in the body. At present, it has also been
confirmed that miRNAs are involved in the regulation of the
function of the nervous system, including the development
of nerve cells, neuronal apoptosis, and the differentiation of
neural stem cells [8].

Drugs are the treatment of choice for epilepsy, appro-
priate and standardized antiepileptic drugs are used for the
treatment of patients with primary epilepsy, but about 30%
of patients are still difficult to control the condition. Medical
refractory epilepsy can be treated with surgical resection of
the lesion, and 70% of patients with refractory epilepsy are
effectively controlled for seizures after surgical treatment [9].
For this reason, preoperative identification of the lesion is
important for the success rate of surgery. +e clinical
methods used for the diagnosis of epilepsy include clinical
features, EEG detection, and imaging examination. EEG is
effective for the qualitative diagnosis of TLE, but it is not able
to localize epileptic foci [10]. Medical imaging enables the
assessment of pathological changes through quantitative
changes in texture characteristics. MRI is one of the main
modalities used for the evaluation of hippocampal lesions in
preoperative TLE. +e main MRI features of TLE patients
are atrophy of hippocampal volume and enhancement of
T2WI signal, so it can be used for quantitative evaluation of
hippocampal lesions [11].

+ere are relatively few studies on the measurement of
hippocampal T2 relaxation time (HCT2), an MRI charac-
teristic indicator of TLE, as well as the analysis of serum
biological parameters. +erefore, patients with unilateral
TLE were selected as the study subjects, and the charac-
teristics of brain lesions were evaluated using MRI tech-
niques, followed by the changes in the expression levels of
peripheral blood T lymphocyte subsets, inflammatory cy-
tokines, and miRNAs, providing a reference for early di-
agnosis and treatment of TLE.

2. Materials and Methods

2.1. Subjects. +irty patients with unilateral TLE confirmed
by surgical pathology from June 2020 to March 2022 were
selected as study subjects. 30 subjects without a history of
seizures who underwent health examinations during the
same period were selected as controls. +is study had been
approved by the ethics committee of the hospital and the
patient signed the informed consent form.

Inclusion criteria: (1) according to the guidelines for
epilepsy prevention and treatment issued by the Interna-
tional League Against Epilepsy in 2017 [12], combined with
clinical features, EEG, and auxiliary examination methods,
patients were diagnosed with unilateral TLE; (2) preoper-
ative conventional MRI examination, scanning sequence
including T2-FLAIR, and image texture without artifacts; (3)
no family history of seizures; (4) no recent immunosup-
pressive agents, hormones, and other drug treatment. Ex-
clusion criteria: (1) combined with brain diseases, such as

intraluminal tumors, traumatic brain injury, stroke, hysteria,
and other diseases; (2) secondary TLE caused by central
nervous system infection; (3) combined with systemic lupus
erythematosus and other autoimmune diseases; (4) in-
complete clinical data.

2.2. Imaging Examination. 3.0T MRI instrument was se-
lected for conventional MRI scanning. +e scanning se-
quences included: (1) axial T1-FLAIR, T2WI, T2-FLAIR; (2)
sagittal T2WI; (3) dual-echo oblique coronal plane of SE
sequence with the vertical long axis of the hippocampus.+e
region of interest was selected as far as possible to avoid the
influence of cerebrospinal fluid and skull base structures.
FLAIR scan parameters were set: (1) repetition time
8,800ms; (2) recovery time 95ms; (3) slice thickness 3mm;
(4) interslice distance 0mm; (5) matrix 512°×°512. SE scan
parameters were set: (1) repetition time 3,000ms; (2) re-
covery time 20ms; (3) slice thickness 4mm; (4) interslice
distance 0mm; (5) matrix 512°×°512. T2 relaxation diagram
was calculated for each slice using T2 relaxation diagram,
and hippocampal HCT2 were measured. +e measured area
did not encase the border of the hippocampal region, cystic
areas, and cerebrospinal fluid in a hippocampal fissure.

2.3. Detection of Peripheral Blood T Lymphocyte Subsets.
In 5°mL of fasting venous blood was collected and anti-
coagulated with ethylenediaminetetraacetic acid, and TLE
patients were seizure free for 72 hours before blood col-
lection. Patients with TLE had no seizures within 72 hours
before blood sampling. Fluorescence staining agent was
added to label CD3, CD4, and CD8 molecules on
the lymphocyte surface; 100 μL anticoagulation was added
and mixed well; it was incubated in the dark at room
temperature for 15min. 2mL FACSLysing solution was
added; it was incubated in the dark at room temperature for
10min; it was centrifuged at 300 rpm for 5min. After dis-
carding the supernatant, the cells were washed with phos-
phate buffer, and CD3+, CD4+, CD8+, and CD4+/CD8+ of
peripheral blood T lymphocyte subsets were detected using a
flow cytometer.

2.4. Detection of Inflammatory Cytokines in Peripheral Blood.
5°mL of fasting venous blood was collected from both groups
of study subjects, and serum was separated and stored in a
−80°C freezer. +e serum levels of TNF-α, IL-1β, IL-2, IL-6,
IL-10, and ICAM-1 were measured by an ELISA detection
kit (Shanghai mlbio). +e antibody coating of the microtiter
plate was performed, the standards were diluted in turn and
mixed with serum, and the reaction was performed at 37°C
for 1.5 h after sealing; 100 μL of TNF-α, IL-1β, IL-2, IL-6, IL-
10, and ICAM-1 antibody working solutions were added,
respectively, and the reaction was performed at 37°C for 1 h
after sealing; after washing the microtiter plate with buffer,
100 μL of diluted ABC working solution was added, and the
reaction was performed at 37°C for 30min after sealing; after
washing the microtiter plate with buffer, 90 μL of TMB
chromogenic solution was added, and the reaction was
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performed in the dark at 37°C for 20min after sealing; 100 μL
of stop solution was added, and the O.D. value of each well
was measured using a microplate reader.

2.5. Detection of miRNAs in Peripheral Blood. An additional
5mL of fasting venous blood was collected and serum was
separated and stored in a −80°C freezer. Serum/plasma
miRNA extraction and isolation kit was used for the ex-
traction and reverse transcription of miRNAs in serum, and
the cDNA obtained by reverse transcription was used as a
template for subsequent PCR detection. Quantitative de-
tection of miR-146a, miR-210, miR-221, miR-34a, miR-
135b, and miR-33 were performed using the miRcute en-
hanced miRNA SYBR Green fluorescence quantitative de-
tection kit.

2.6. Statistical Analysis. Statistical analysis of the experi-
mental data was performed using SPSS 19.0 software.
Enumeration data were expressed as frequency (percentage),
and differences were compared using the chi-square test.
Measurement data were expressed as mean± SD, and dif-
ferences were compared using an independent sample t-test.
Differences were considered statistically significant at
P< 0.05.

3. Results

3.1.ComparisonofGeneralData. +e differences in the basic
data of patients in the epilepsy and control groups were
compared. +ere was no significant difference in sex ratio,
age, BMI, history of diabetes, and history of hypertension
between the epilepsy and control groups (P> 0.05) (Table 1).

3.2.Analysis of BrainMRICharacteristics. Brain MRI images
of a 43-year-old male patient with TLE were analyzed. +e
patient’s right hippocampus was significantly reduced in size
and increased in signal (Figure 1).

+e difference between HCT2 values in the patient’s
hippocampus was subsequently measured by SE sequence
dual-echo oblique coronal plane (Figure 2). +e right HCT2
values were (85.6± 2.4) ms and (92.3± 1.8) ms, the left
HCT2 values were (86.1± 1.2) ms and (92.7± 2.0) ms, and
the right/left HCT2 ratios were (0.97± 0.12) and (1.02± 0.20)
in the control and epileptic groups, respectively. Compared
with the control group, HCT2 values in the right and left
hippocampus were significantly increased in the epileptic
group (P< 0.05); however, there was no difference in the
right/left HCT2 ratio (P> 0.05).

3.3. Changes of Peripheral Blood T Lymphocyte Subsets Levels.
+edifferences in the levels of CD3+, CD4+, CD8+, and CD4+/
CD8+ of peripheral blood T lymphocyte subsets between the
two groups were compared (Figure 3). Peripheral blood
CD3+ was (73.4± 3.1)% and (77.9± 4.4)%, CD4+ was
(41.5± 2.7)% and (45.6± 2.2)%, CD8+ was (25.7± 1.5)% and
(22.1± 1.9)%, and CD4+/CD8+ was (1.61± 0.10) and
(2.24± 0.22) in the control and epileptic groups, respectively.

Compared with the control group, the levels of CD3+, CD4+,
and CD4+/CD8+ in the peripheral blood of patients in the
epilepsy group were significantly increased, while the level of
CD8+ in the epilepsy group was significantly decreased
(P> 0.05).

3.4. Changes of Inflammatory Cytokine Levels in Peripheral
Blood. +e differences in the levels of inflammatory cyto-
kines TNF-α, IL-1β, IL-2, IL-6, IL-10, and ICAM-1 in pe-
ripheral blood between the two groups were compared. It
can be observed that the peripheral blood TNF-α levels were
(0.97± 0.11) pg/mL and (2.63± 0.26) pg/mL, IL-1β levels
were (1.70± 0.33) pg/mL and (4.61± 0.57) pg/mL, IL-2 levels
were (0.83± 0.15) pg/mL and (1.59± 0.21) pg/mL, IL-6 levels
were (1.01± 0.14) pg/mL and (2.28± 0.19) pg/mL, IL-10
levels were (1.31± 0.14) pg/mL and (0.25± 0.09) pg/mL, and
ICAM-1 levels were (1.03± 0.22) pg/mL and (1.89± 0.30) pg/
mL in the control and epileptic groups, respectively.
Compared with the control group, the levels of inflamma-
tory cytokines TNF-α, IL-1β, IL-2, IL-6, and ICAM-1 in
peripheral blood of patients in the epilepsy group were
significantly increased, while IL-10 in the epilepsy group was
significantly decreased (P< 0.05) (Figure 4).

3.5. Changes in Peripheral Blood miRNAs Levels. +e dif-
ferences in peripheral blood miR-146a, miR-210, miR-221,
miR-34a, miR-135b, and miR-33 levels between the two
groups were compared. +e peripheral blood miR-146a
levels were (1.00± 0.13) and (2.14± 0.28), miR-210 levels
were (1.00± 0.15) and (1.89± 0.31), miR-221 levels were
(1.00± 0.20) and (2.44± 0.35), miR-34a levels were
(1.00± 0.18) and (1.59± 0.13), miR-135b levels were
(1.00± 0.31) and (0.17± 0.16), and miR-33 levels were
(1.00± 0.22) and (0.26± 0.09) in the control and epileptic
groups, respectively. Compared with the control group, the
levels of miR-146a, miR-210, miR-221, and miR-34a in the
peripheral blood of patients in the epilepsy group were
significantly increased, while the levels of miR-135b and
miR-33 in the epilepsy group were significantly decreased
(P< 0.05) (Figure 5).

4. Discussion

Epilepsy is one of the very common diseases in neurology,
which has paroxysmal, repetitive, and transient character-
istics, but the pathogenesis of this disease is not clear at
present [13]. +e characteristics of the brain in patients with
TLE were analyzed using MRI techniques, and it was found
that the patients developed significant hippocampal atrophic
lesions, and HCT2 in the bilateral hippocampus was sig-
nificantly increased. Studies have confirmed that there is a
close relationship between hippocampal atrophy and neu-
ronal loss and gliosis [14]. Increased HCT2 values may be
due to pathological basis such as neuronal loss and prolif-
eration of glial cells in the hippocampus of TLE patients [15].
In addition, evidence shows that peripheral blood
T lymphocytes are involved in the process of epilepsy, es-
pecially TLE with hippocampal sclerosis [16]. +e results
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(a) (b) (c)

Figure 1: MRI image of patient. (a) axial T1WI; (b) axial T2WI; (c) coronal T2-FLAIR; red box: lesion.
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Figure 2: Comparison of hippocampal HCT2 values in patients. (a) right HCT2 value; (b) left HCT2 value; (c) right/left HCT2 ratio.
∗Compared with control group, P< 0.05.

Table 1: Comparison of general data of patients.

Item Epilepsy group (n� 30) Control group (n� 30) Statistical value P

Gender [n (%)] χ 2 � 0.192 0.513
Male 19 (63.3) 18 (60.0)
Female 11 (36.7) 12 (40.0)

Age (years) 55.9± 4.6 56.1± 3.8 t� 0.319 0.440
BMI (kg/m2) 23.4± 3.1 23.7± 2.2 t� 0.233 0.561
History of diabetes [n (%)] χ 2 � 0.207 0.352
Yes 21 (70.0) 22 (73.3)
No 9 (30.0) 8 (26.7)

History of hypertension [n (%)] χ 2 � 0.188 0.303
Yes 12 (40.0) 13 (43.3)
No 18 (60.0) 17 (56.7)
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Figure 3: Comparison of peripheral blood T lymphocyte subsets levels in patients. (a) CD3+ level; (b) CD4+ level; (c) CD8+ level;
(D) CD4+/CD8+ ratio; ∗Compared with the control group, P< 0.05.
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showed that the proportion of CD3+ and CD4+ cells in
peripheral blood T lymphocyte subsets was significantly
increased, while the proportion of CD8+ cells was signifi-
cantly decreased in TLE patients compared with normal
subjects. Pitsch et al. [17] concluded that CD8+

T lymphocytes can specifically target the expression of OVA
and cause apoptotic neurodegeneration, astrogliosis, and
microglial activation, and maybe the cause of hippocampal
sclerosis with TLE after marginal encephalitis. +is suggests
that the level of T lymphocyte subsets in the peripheral blood

of TLE patients is found to be disturbed, which may be
related to abnormal structural changes such as hippocampal
atrophy.

TNF-α belongs to a class of inflammatory cytokines with
multiple biological effects, which can induce epileptic dis-
charges by stimulating glutamate and then affecting hip-
pocampal CA3 pyramidal cells in the central nervous system,
inhibiting the postsynaptic potential activity of nerve, and
leading to epileptic discharge [18]. +e results showed that
the levels of TNF-α, IL-1β, IL-2, IL-6, and ICAM-1 in the
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Figure 4: Comparison of peripheral blood inflammatory cytokine levels in patients. (a) TNF-α level; (b) IL-1β level; (c) IL-2 level; (d) IL-6
level; (e) IL-10 level; (f ) ICAM-1 level. ∗Compared with the control group, P< 0.05.
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Figure 5: Comparison of peripheral blood miRNAs levels in patients. (a) miR-146a level; (b) miR-210 level; (c) miR-221 level; (d) miR-34a
level; (e) miR-135b level; (f ) miR-33 level. ∗Compared with control group, P< 0.05.
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peripheral blood of TLE patients were significantly in-
creased, while the level of IL-10 was significantly decreased.
Yang et al. [19] detected the changes of TNF-α and IL-6
levels in peripheral blood of children with epilepsy and
found that the levels of TNF-α and IL-6 in T lymphocytes
were significantly increased in the child. Liu et al. [20]
detected the changes of serum inflammatory markers IL-2,
IL-6, and hs-CRP levels in children with epilepsy and found
that the serum levels of IL-2, IL-6, and hs-CRP in children
were significantly increased, while sodium valproate com-
bined with levetiracetam treatment could reduce the levels of
these markers. Leo et al. [21] demonstrated that anti-IL-6R
antibodies were effective in reducing the number of absence
seizures and depression-like behavior in a rat model of
convulsive epilepsy, and they concluded that IL-6 plays an
important role in seizure induction and seizure process.
Basnyat et al. [22] demonstrated that serum levels of IL-10
were significantly lower in patients with refractory TLE and
that IL-10 levels showed a negative relationship with the
course of epilepsy. +e above-given results suggest that
inflammatory mediators are involved in the process of TLE
disease, which may be involved in the regulation of epi-
leptogenesis through processes such as activation of glial
cells, changes in gene expression levels, and neuronal loss.

Studies have confirmed that miRNAs have a close re-
lationship with the function of the nervous system. MiR-
146a and miR-221 are miRNAs that regulate the generation
of inflammatory factors [23]. In response to IL-1β stimu-
lation, miR-146a and miR-221 are upregulated and can
promote the expression of downstream multiple classes of
inflammatory factors as well as adhesion factors. MiR-34a
belongs to miRNA that regulate the expression of apoptotic
factors [24]. +e results showed that miR-126a, miR-221,
and miR-34a were up-regulated in the peripheral blood of
TLE patients. +ese results suggest that miRNAs can par-
ticipate in the process of TLE by regulating the release of
inflammatory factors and the expression of apoptotic fac-
tors. In addition, the expression levels of miR-210, miR-
135b, and miR-33 in peripheral blood of TLE patients were
further detected. Chen et al. [25] confirmed that miR-210
showed a high expression level in the hippocampus of ep-
ileptic animal models, while inhibition of miR-210 expres-
sion was able to inhibit seizure-induced apoptosis. Li et al.
[26] showed that miR-135b-5p expression levels were sig-
nificantly lower in children with TLE, and overexpression of
miR-135b-5p was able to target SIRT1 to reduce apoptosis
after epilepsy. Hu et al. [27] explored the expression profile
of miRNAs in TLE rats, and miRNA microarray revealed 9
up-regulated miRNAs such as miR-146a and mR-210 and 15
down-regulated miRNAs such as miR-135b and miR-33.
+is is consistent with the results that miR-210 expression
was up-regulated and miR-135b and miR-33 expression was
down-regulated in peripheral blood of TLE patients.

5. Conclusion

TLE patients are usually accompanied by pathological
changes in the hippocampal formation, and peripheral blood
T lymphocyte subsets disorders, the release of inflammatory

cytokines, and regulation of miRNAs expression are in-
volved in seizures and neuronal damage. +e changes of
MRI image characteristics and serum biological indicators in
patients with TLE were detected, and the correlation be-
tween MRI image characteristics and serum biological in-
dicators was not deeply explored. Peripheral blood samples
were collected from patients to detect the expression levels of
various indicators. In subsequent studies, tissue or cere-
brospinal fluid samples will be collected for analysis of
changes in lymphocytes, cytokines, and miRNAs, and their
mechanism of action on the degree of neurons will be an-
alyzed. In conclusion, patients with TLE have hippocampal
lesions, which may be associated with imbalances in pe-
ripheral blood T lymphocyte subsets, chronic inflammatory
responses, and abnormal miRNA expression.+e results can
provide experimental materials for understanding the
pathogenesis of TLE, as well as the search for therapeutic
targets.
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+e data used to support the findings of this study are
available from the corresponding author upon request.

Conflicts of Interest

+e authors declare that there are no conflicts of interest.

References

[1] E. Beghi, G. Giussani, and J. W. Sander, “+e natural history
and prognosis of epilepsy,” Epileptic Disorders, vol. 17, no. 3,
pp. 243–253, 2015.

[2] J. Falco-Walter, “Epilepsy-definition, classification, patho-
physiology, and epidemiology,” Seminars in Neurology,
vol. 40, no. 6, pp. 617–623, 2020.

[3] K. L. Gawelek, J. M. Gales, and R. A. Prayson, “Hamartia in
hippocampal sclerosis-associated mesial temporal lobe epi-
lepsy,” Annals of Diagnostic Pathology, vol. 32, pp. 63–66,
2018.
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)is study was focused on the clinical efficacy and safety of magnetic resonance imaging (MRI)-based Siwu decoction for
poststroke hemiplegia complicated with osteoporosis. 120 patients with poststroke hemiplegia and osteoporosis were divided into
an observation group (modified Siwu decoction based on the treatment scheme of control group, 60 cases) and a control group
(conventional drugs in neurology + neurology-based rehabilitation training treatment of muscle enhancement surgery, 60 cases).
)ey all underwent MRI scans.)e results showed that the bone mineral density (BMD) of lumbar spine, ipsilateral femoral neck,
and ipsilateral patella in the observation group was higher than that in the control group 180 days after treatment (P< 0.05). MRI
showed restricted diffusion and edema in the left frontoparietal cortex and subcortical white matter. )e levels of 25-hydroxy-
vitamin D (25-OH-VD) and bone gla-containing protein (BGP) in the observation group 180 days after treatment were higher,
and the type I collagen n-terminal propeptide (PINP) and type I collagen cross-linked C-terminal telopeptide (β-CTX) were lower
(P< 0.05). )e visual analogue scale (VAS) score of the observation group at 180 days after treatment was lower, while the quality
of life score was higher (P< 0.05). )e median cell count in the observation group at 180 days after treatment was less, while
the lymphocytes showed a higher level (P< 0.05). In conclusion, the Siwu decoction could effectively improve the bone
metabolism of patients with poststroke hemiplegia and osteoporosis, promote the proliferation and differentiation of osteocytes,
and improve the BMD and quality of life of patients.

1. Introduction

Stroke, also known as cerebrovascular accident, is a local
brain dysfunction caused by acute cerebrovascular disease. Its
clinical symptoms persist for more than 24 hours and are
characterized by high morbidity, mortality, disability, and
recurrence [1, 2]. Stroke is common in people aged 50 and
older, and clinically manifests as symptoms and signs of
transient or permanent brain dysfunction. It usually mani-
fests as sudden weakness, clumsiness, heaviness, or numbness

on one side of the limbs, numbness on one side of the face or
skewed corners of the mouth, slurred speech accompanied by
disturbance of consciousness or convulsions, etc. [3, 4]. It
ranks first in the cause of death of urban residents [5]. )e
most serious consequence of cerebral stroke is hemiplegia,
which will lead to long-term bed rest, greatly reduce the
amount of exercise, and disrupt the balance of bone re-
sorption and bone formation in the human body, which is
prone to disuse osteoporosis [6, 7]. Disuse osteoporosis
caused by poststroke hemiplegia is a type of secondary
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osteoporosis. If not treated in time, it will cause more pain to
patients and cause a series of complications such as kidney
stones, pathological fractures, and heterotopic ossification [8].

)e clinical treatment principles for patients with disuse
osteoporosis are to increase calcium intake, reduce calcium
excretion, guide the deposition of calcium salts at the target
site, and improve bone strength. Common treatment op-
tions include surgery, physical therapy, and drug therapy
[9, 10].)e use of internal fixation can better help patients to
get out of bed as soon as possible and avoid the aggravation
of osteoporosis caused by long-term bed rest, but the ef-
fectiveness is not high [11]. Guiding patients to perform
appropriate physiological exercise can stimulate the increase
of bone mass, reduce the fracture rate, and improve the
body’s agility. Physical therapy includes ultraviolet therapy,
high-frequency electrotherapy, and specific frequency vi-
bration stimulation to promote bone growth in patients [12].
In terms of drug treatment, bone resorption and bone
metabolism balance can be improved by supplementing
calcium and other drugs, such as calcium gluconate, calci-
gard, alfacalcidol, sodium alendronate, calcitonin, and
compound estrogen [13]. Siwu Decoction is a classic tra-
ditional Chinese medicine (TCM) for nourishing and
nourishing blood. It is composed of four herbs: angelica
sinensis, ligusticum wallichii, rehmannia glutinosa, and
radix paeoniae alba. It is mainly used for the treatment of
Chong-Ren deficiency, irregular menstrual flow, umbilical-
abdominal pain, metrorrhagia, and fetal uneasiness during
pregnancy [14].

With the development of imaging technology, clinical
imaging examinations are often used to evaluate disuse
osteoporosis caused by post-stroke hemiplegia, including
X-ray films, quantitative ultrasound, quantitative computed
tomography (CT), and magnetic resonance imaging (MRI)
[15–17]. X-ray films can clearly show the osteoporosis in
patients with advanced disuse osteoporosis (at least 30% of
bone mass has been lost), which is simple, easy to operate,
and low in cost, but has little significance for the diagnosis of
early osteoporosis. Quantitative ultrasound can clearly
display the mechanical strength, bone mineral density
(BMD), and elastic structure of patients’ bones. It is an
economical, simple, and non-radioactive detection method,
but there is a certain rate of missed diagnosis and misdi-
agnosis. Quantitative CTcan detect changes in bone mineral
content in patients early by measuring cortical bone and
cancellous bone, so as to predict the degree of the patient’s
disease. As a new non-invasive imaging technology, MRI is
widely used in clinical medical disease assessment, and has
the advantages of high resolution, multi-parameter, and high
accuracy.)emanifestations of osteoporosis onMRI images
are usually marked xanthosis of the vertebral body, and high
signal intensity on T1-weighted and T2-weighted images.
When a fracture occurs, the edema in the vertebral body
shows long T1 and long T2 signals, and the edema signal is
not good in the background of high signal intensity on T2
weighted imaging (T2WI) of osteoporosis [18].

To sum up, post-stroke hemiplegia and osteoporosis will
have a very serious impact on patients, and even life-
threatening if not treated early. 120 patients with post-stroke

hemiplegia complicated with osteoporosis random were
divided into observation group and control group, and all
underwent MRI imaging scans. It compared the X-ray
measurement indicators, bone metabolism indicators, visual
analog pain score, and clinical efficacy of the two groups of
patients to deeply understand the clinical efficacy and safety
of the modified Siwu Decoction treatment on post-stroke
hemiplegia patients with osteoporosis.

2. Materials and Methods

2.1.ResearchObjects. A total of 120 patients with post-stroke
hemiplegia and osteoporosis who were treated in our hos-
pital from October 2020 to May 2022 were selected as the
research objects. )e informed consents are obtained from
all patients and their families and this study was approved by
ethics committee of hospital.

2.1.1. Inclusion Criteria. (i) Patients with symptoms of
hemiplegia on one limb; (ii) Patients with Fug1-Meyer
motor function score of the hemiplegic limb less than 50;
(iii) patients with stable vital signs within two days; (iv)
patients with good nutritional status; and (v) patients who
were conscious and able to cooperate with treatment.

2.1.2. Exclusion Criteria. (i) Patients with Glasgow coma
scale (GCS) less than 8 points; (ii) patients who had received
thrombolytic therapy; (iii) patients with limb hemiplegia
caused by other factors; (iv) patients with severe heart, lung,
kidney, and other major organ insufficiency; (v) patients
with hemiplegia in all four limbs; and (vi) patients who had
used glucocorticoids and immunosuppressants.

2.2.Treatment Schemes. )e patients were randomly divided
into 60 cases in the observation group and 60 cases in the
control group. )e patients in control group received
conventional drug therapy in neurology and rehabilitation
training based on neuromuscular stimulation. It mainly
included rhythmic initiation, compound isotonic exercise,
repetitive contraction technique, hold-relax technique, and
hold-relax-active movement. Each treatment time was
generally 1 hour, 2 times a day, and 5 days a week. )e
patients in observation group were given modified Siwu
Decoction on the basis of treatment scheme of the control
group. Recipe was as follows: angelica sinensis 10 g, ligu-
sticum wallichii 10 g, peach kernel 10 g, rhizoma zingiberis
preparata 10 g, astragalus membranaceus 30 g, leonurus
japonicus 15 g, radix rehmanniae recens 15 g, rehmannia
glutinosa 15 g, radix paeoniae rubra 15 g, radix paeoniae alba
15 g, radix angelicae 10 g, teasel 30 g, rubia cordifolia 15 g,
honeysuckle rattan 20 g, and white flower patrinia 15 g. It
should be taken with decoction in water, 1 dose per day,
orally in 3 doses for 3 to 6 days.

2.3. MRI Scan. )e MRI system was used. )e patient was
required to keep a supine position with the feet inside the
coil. Scanning parameters were set as follows: the time of
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echo (TE)� 4.65ms, the time of repetition (TR)� 12.5ms,
layer thickness� 0.8mm, layer spacing� 0.15mm, matrix�

325× 256, and flip angle� 30°. On average, three images
were collected per scan.)e acquired images were sent to the
workstation for processing.

2.4. Observation Indicators. )e bone mineral density
(BMD) of the lumbar spine, ipsilateral femoral neck, ipsi-
lateral patella, and ipsilateral forearm was measured on the
first day of admission, 60 days after treatment, and 180 days
after treatment.

6mL of fasting venous blood was collected in the
morning on the 1st day after admission and 60th and 180th
day after treatment and we coagulated it naturally at 25°C for
15 minutes.)e blood samples were centrifuged at 3500 rpm
for 20 minutes, and the supernatant was transferred to a
1mL centrifuge tube and stored at low temperature.

Safety was observed by comparing the changes of blood
routine, liver function (including alanine aminotransferase
(ALT) and aspartate aminotransferase (AST)) and renal
function (including serum creatinine (Scr) and urea) before
and after treatment in the two groups.

)e changes of bone metabolism indicators in the two
groups of patients were measured, including 25-hydroxy-
vitamin D (25-OH-VD), bone gla-containing protein (BGP),
type I collagen n-terminal propeptide (PINP), and type I
collagen cross-linked C-terminal telopeptide (β-CTX) levels.

)e pain level of the patients was assessed using a visual
analog scale (VAS). )eWorld Health Organization Quality
of Life Scale (WHOQOL-100) was adopted to evaluate
patients’ life treatment before and after treatment.
According to the clinical symptoms, the clinical efficacy was
evaluated and divided into markedly effective (clinical
symptoms and signs completely disappeared), effective
(clinical symptoms and signs were alleviated), and ineffec-
tive (clinical symptoms and signs did not improve or
worsened). In addition, the effective rate of treatment was
calculated.

2.5. Statistical Methods. )e data processing in this work
was analyzed by SPSS 19.0 statistical software, the mea-
surement data was expressed as mean ± standard devia-
tion (x± s), and the count data was expressed as
percentage (%). Pairwise comparisons were made using
one-way ANOVA. )e difference was statistically sig-
nificant at P< 0.05.

3. Results

3.1. Comparison ofGeneralData of TwoGroups. As shown in
Figure 1, there was no significant difference in gender,
number of patients with cerebral infarction, number of
patients with cerebral hemorrhage, FMA score, age, and
body mass index (BMI) between the observation group and
the control group (P> 0.05).

3.2. Case Data. Figure 2 shows the brain MRI images of a
63-year-old female patient. Physical examination showed
that the heart rate was 67 times/min, and the blood pressure
was 208/156mmHg. She was comatose with eyes open,
unresponsive, cataracts on the right side of both pupils,
1.5mm, 1mm on the left, with presence of light reflexes.
)e low breath sounded in both lungs, no rales, low heart
sounds, no murmurs, and soft abdomen.)e right limb can
move voluntarily, and the mobility was worse than that of
the left. )e right Pap’s sign was positive and the left was
negative.

3.3. Comparison of BMD. As shown in Figure 3, there was
no significant difference in BMD of the lumbar spine,
ipsilateral femoral neck, and ipsilateral patella between
the two groups on the first day of admission and 60 days
after treatment (P> 0.05). )e BMD of the lumbar spine,
ipsilateral femoral neck, and ipsilateral patella at 180 days
after treatment in the two groups were significantly higher
than those on the first day of admission, and the differ-
ences were statistically significant (P< 0.05). )e BMD of
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Figure 1: Comparison of general data between the two groups before treatment. (a)∼(d) show the comparisons of gender, numbers of
patients with cerebral infarction and cerebral hemorrhage, FMA score, and age and BMI, respectively.
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lumbar spine, ipsilateral femoral neck, and ipsilateral
patella in the observation group at 180 days after treat-
ment were significantly higher in contrast to the BMD
values in the control group, and the differences were
statistically significant (P< 0.05). )ere was no significant
difference in the BMD of the affected side forearm
180 days after treatment between the two groups
(P> 0.05).

3.4. Comparison of Bone Metabolism Indicators. As illus-
trated in Figure 4, the levels of 25-OH-VD and BGP 180 days
after treatment in the two groups were significantly higher
than those on the first day of admission, while PINP and
β-CTX were significantly lower than those on the first day of
admission, and the differences were statistically significant
(P< 0.05). )e levels of 25-OH-VD and BGP in the ob-
servation group at 180 days after treatment were signifi-
cantly higher than those in the control group, while PINP
and β-CTX were significantly lower than those in the control
group, and the differences were statistically significant
(P< 0.05).

3.5. Comparison of Pain Scores. As shown in Figure 5, the
VAS scores 180 days after treatment in the two groups were
significantly lower than those on the first day of admission,
and the difference was statistically significant (P< 0.05). )e
VAS score 180 days after treatment in the observation group
(0.55± 0.14) was significantly lower than that in the control
group (2.27± 0.49), and the difference was statistically sig-
nificant (P< 0.05).

3.6. Comparison of Quality of Life Scores. As demonstrated
in Figure 6, the quality of life scores of the two groups of
patients 180 days after treatment were significantly
higher than those on the first day of admission, and the
difference was statistically significant (P< 0.05). )e
quality of life score 180 days after treatment in the ob-
servation group was significantly higher than that in the
control group, and the difference was statistically sig-
nificant (P< 0.05).

3.7. Comparison of Blood Routine Indexes. )e median cell
count of the two groups of patients 180 days after treatment
was significantly lower than that on the first day of ad-
mission, while the level of lymphocytes was significantly
higher than that on the first day of admission, and the
difference was statistically significant (P< 0.05). )e median
cell count of the observation group at 180 days after
treatment was significantly lower than that of the control
group, while the level of lymphocytes was significantly
higher than that of the control group, and the difference was
statistically significant (P< 0.05). However, there was no
significant difference in the erythrocyte volume and platelet
count between the two groups on the first day of admission,
60 days after treatment, and 180 days after treatment
(P> 0.05). )e specific results are demonstrated in Figure 7.

3.8. Comparison of Clinical Efficacy. In Figure 8, we com-
pared the clinical efficacy between two groups of patients.
After treatment, 42 cases were markedly effective, 11 cases
were effective, and 7 cases were ineffective in the observation
group; in the control group, 27 cases were markedly ef-
fective, 20 cases were effective, and 13 cases were ineffective.
It suggested that the total effective rate (88.33%) of the
observation group was significantly higher than that of the
control group (78.33%), and the difference was statistically
significant (P< 0.05).

4. Discussion

Poststroke hemiplegia osteoporosis is a type of disuse os-
teoporosis. )e main pathological mechanism is that, in the
process of bone metabolism, there are problems in bone
resorption and new bone formation, resulting in abnormal
calcium and phosphorus metabolism in the human body,
decreased BMD, and many clinical symptoms [19, 20].
)erefore, how to improve the bone metabolism pathway of
the patient’s body and improve the patient’s BMD is the
focus of current clinical treatment. )is work used the
random number table method to divide 120 patients with
poststroke hemiplegia complicated with osteoporosis into 60
patients in the observation group (on the basis of the control
group, they were given Siwu decoction) and 60 patients in

(a) (b)

Figure 2: MRI image data of patient. (a) )ere were irregularly shaped near-oval high-density shadows in the left corona radiata-basal
ganglia region; (b) there were long T1 isometric T2 signals inside the lesion in the left corona radiata-basal ganglia region.
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Figure 3: Comparison of BMD before and after treatment in the two groups. (a) )e BMD in the lumbar spine; (b) the BMD in ipsilateral
femoral neck; (c) the BMD in ipsilateral patella; and (d) the BMD in affected forearm. 1–3 refer to the first day of admission, the 60th day after
treatment, and the 180th day after treatment, respectively. ∗Compared with the first day of admission, P< 0.05; #compared with control
group, P< 0.05.
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the control group (neural Internal medicine routine drug
treatment and neuromuscular promotion-based rehabilita-
tion training treatment), and all underwent MRI imaging
scans. First, the basic data of the two groups of patients were
compared, and it was found that there were no statistically
significant differences in gender, number of patients with
cerebral infarction, number of patients with cerebral hem-
orrhage, FMA score, age, and BMI between the observation
group and the control group (P> 0.05). Such results ensure
the feasibility of follow-up studies. From brain MRI images,
patients with poststroke hemiplegia osteoporosis have
limited diffusion and edema in the left frontoparietal cortex
and subcortical white matter.

)en, the BMD changes of the two groups of patients
before and after treatment were compared. It was found that
the BMD values of the lumbar spine, ipsilateral femoral neck,
and ipsilateral patella of the observation group at 180 days
after treatment were significantly higher than those of the
control group, showing statistically significant differences
(P< 0.05). BMD can reflect the bone strength of patients and
help physicians to detect the signs of osteoporosis more
accurately. )e results indicated that the Siwu Decoction
formula can effectively improve the BMD of patients with
poststroke hemiplegia osteoporosis, improve bone strength,
and help patients recover more [21]. 25-OH-VD is the main
form of vitamin D in the human body, which is mainly
synthesized by human skin after ultraviolet radiation. A
small portion of it comes from food or supplements and has
an important role in the human skeleton. BGP is an active
polypeptide synthesized and secreted by osteoblasts and
plays an important role in regulating bone metabolism, and
its level reflects osteoblast activity [22, 23]. In this work, the
analysis of bone metabolism indicators showed that the 25-
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Figure 4: Comparison of bone metabolism indicators between the two groups before and after treatment. (a)∼(d) show the comparisons of
BGP, PINP, β-CTX, and 25-OH-VD, respectively. 1–3 refer to the first day of admission, the 60th day after treatment, and the 180th day after
treatment, respectively. ∗Compared with the first day of admission, P< 0.05; #compared with control group, P< 0.05.
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OH-VD and BGP of the observation group were signifi-
cantly higher than those of the control group at 180 days
after treatment, with statistically significant differences
(P< 0.05). )is indicates that the Siwu decoction can treat
poststroke hemiplegia osteoporosis patients by increasing

the levels of 25-OH-VD and BGP and improving bone
metabolism. In addition, the PINP and β-CTX of the ob-
servation group 180 days after treatment were significantly
lower than those of the control group, and the differences
were statistically significant (P< 0.05). Such results are
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count, lymphocyte level, erythrocyte volume, and platelet count, respectively. 1–3 refer to the first day of admission, the 60th day after
treatment, and the 180th day after treatment, respectively. ∗Compared with the first day of admission, P> 0.05; #compared with control
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similar to the results of He et al. [24]. )e content of PINP in
serum reflects the ability of osteoblasts to synthesize collagen
and has high specificity and sensitivity in predicting the
occurrence of osteoporosis, evaluating bone mass, and
monitoring the efficacy of antiosteoporosis. )e level of
β-CTX reflects the bone resorption activity of osteoclasts and
is an important biochemical marker of bone resorption,
indicating that the Siwu decoction has a regulatory effect on
bone metabolism and promotes the proliferation and dif-
ferentiation of osteocytes and the efficiency of bone for-
mation [25].

In addition, it was found that the VAS score of the
observation group 180 days after treatment was significantly
lower than that of the control group, and the difference was
statistically significant (P< 0.05). )is shows that the Siwu
decoction not only has a significant clinical effect, but also
can relieve the pain of patients with poststroke hemiplegia
osteoporosis, so it is safe. )e quality of life score 180 days
after treatment in the observation group was significantly
higher than that in the control group, showing statistically
significant difference (P< 0.05). Such results are similar to
the findings of Shapiro et al. [18].)is indicates that the Siwu
decoction can effectively improve the quality of life and
prognosis of patients with poststroke hemiplegia and os-
teoporosis. From the blood routine indicators, the median
cell count of the observation group 180 days after treatment
was significantly lower than that of the control group, while
the level of lymphocytes was significantly higher than that of
the control group (P< 0.05). It shows that the Siwu de-
coction can reduce the number of intermediate cells in
patients, increase the volume of red blood cells, and elevate
the level of lymphocytes. From the perspective of clinical
efficacy, the total effective rate (88.33%) of the observation
group was significantly higher than that of the control group
(78.33%), and the difference was statistically significant
(P< 0.05). )is indicates that the Siwu decoction has sig-
nificant curative effect in the treatment of patients with
poststroke hemiplegia and osteoporosis, showing high
clinical application value.

5. Conclusion

In this study, the modified Siwu decoction was applied in
the treatment of poststroke hemiplegia patients with os-
teoporosis. It was finally found that Siwu decoction can
effectively improve bone metabolism in patients with
poststroke hemiplegia and osteoporosis, promote the
proliferation and differentiation of bone cells, and improve
the BMD and quality of life of patients. However, the
patients selected in this work all came from the same
hospital, and the long-term follow-up time was short, so no
longer-term patient prognosis data were obtained.
)erefore, in the following research, it would include stroke
patients with osteoporosis in different hospitals as the
research object and further analyze the clinical application
value of traditional Chinese medicine Siwu decoction. All
in all, the results of this work could provide a reference for
the nursing treatment of poststroke hemiplegia compli-
cated with osteoporosis.
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(e aim of this research was to explore the effect of nursing intervention on self-management and quality of life in patients with
chronic kidney disease (CKD) by using the renal diffusion tensor imaging (DTI) feature of image registration algorithm. A total of
100 patients with CKDwere randomly divided into experimental group (nursingmaintenance guidance intervention) and control
group (routine nursing), with 50 cases in each group. (e image effect before and after registration, self-management behavior
after 6 months, quality of life, DTI-related parameters, and renal function indicators were collected and analyzed. (e results
showed that the images were clearer than those before registration, the self-management ability in the control group
(92.81± 19.32) was smaller than that in the experimental group (107.12± 18.78), the quality of life in the experimental group
(121.47± 11.21) was greater than that in the control group (104.89± 12.11), and the corresponding magnetic resonance apparent
diffusion coefficient (ADC) (2.54± 0.28) and fractional anisotropy (FA) (0.28± 0.07) in the cortex were greater than those in the
control group (2.35± 0.21, 0.23± 0.04). (e differences were statistically significant (P< 0.05). (e corresponding ADC value
(2.32± 0.22) and FA value (0.59± 0.02) of medulla were greater than those of the control group (2.12± 0.24 and 0.41± 0.17). (e
levels of serum creatinine (Scr) (μmol/L) (421.38± 42.78) and 24 h urinary protein (24 h-Upro) (mg/d) (1,836.7± 545.98) were
lower than those of the control group, and the differences had statistical significance (P< 0.05). In summary, the registration
algorithm can enhance the effect of image presentation and nursing intervention has positive significance for the self-management
and quality of life of patients with CKD.

1. Introduction

Chronic kidney disease (CKD) is defined as a disease with a
duration of more than 3 months, which causes changes in
renal structure as well as disturbances in renal function. In
the treatment, some existing therapeutic measures mainly
include taking drugs for treatment, giving nutritional sup-
port to the body, and alternative treatment for severe pa-
tients [1]. (erefore, for some end-stage patients, their
kidneys have been severely damaged and some corre-
sponding physiological functions have been lost, and re-
placement therapy will be considered in clinical practice.
Replacement therapy is also divided into three categories,

including hemodialysis, peritoneal dialysis, and renal
transplantation. Some drugs such as angiotensin-converting
enzyme inhibitors (ACEI), angiotensin II receptor blockers
(ARB), and erythropoiesis-stimulating agents (ESA) are
mainly used in the use of drugs [2]. However, the treatment
of the disease only using drugs and surgery is not necessarily
the best for the rehabilitation effect of patients. (e long
treatment course of patients with CKD will lead to physical
and mental suffering of patients if their daily diet and life are
not controlled, and it is also detrimental to the recovery of
patients. (erefore, in addition to basic treatment, the ad-
dition of nursing intervention will be more helpful for the
remission of the patient’s condition.
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Nursing intervention is proposed based on certain
physiological and pathological scientific theories, is through
some corresponding scientific experiments, and can indeed
help doctors give more comprehensive treatment to patients
in clinical practice to a certain extent. Nursing intervention
requires comprehensive consideration of many aspects such
as disease, family, and psychology according to the specific
circumstances of patients in clinical practice and then
making the corresponding diagnosis, and the corresponding
nursing staff needs sequential, targeted, and scientific
nursing according to nursing guidance [3, 4]. In this process,
reasonable reference to the existing research results, analysis
of various functional indicators of patients and expected
degree of recovery, and professional clinical knowledge can
achieve a good intervention effect, so as to achieve the
expected results of helping the patient’s physical and mental
recovery, preventing complications and promoting, main-
taining, or restoring the patient’s physical and psychological
function [5]. Interventions can be divided into different
processes due to different nursing operators and nursing
environments: first, it is necessary to create a rehabilitation
environment with comfortable environment and complete
equipment; furthermore, it is necessary for nurses with
professional literacy and skills to carry out corresponding
rehabilitation nursing operations; in this process, it is also
necessary to obtain the assistance of family members and
provide corresponding health education for family mem-
bers; in addition to physical care, it is necessary to care for
the psychological problems of patients, regularly carry out
psychological guidance, timely respond to the consultation
from family members and patients, and continue the follow-
up of patients after discharge [6, 7]. It brings great help to the
physical and psychological rehabilitation of patients to a
certain extent.

Diffusion tensor imaging (DTI) is one of the magnetic
resonance imaging techniques [8]. DTI is based on the
diffusion-weighted imaging (DWI) technology because the
water molecules contained in human organs have different
presentation characteristics and different diffusion coeffi-
cients in all directions, which cannot well reflect the path-
ological characteristics of the corresponding organs if
measured with a scalar. To explore a DTI technique, it is
necessary to refer to fractional anisotropy (FA value) and
magnetic resonance apparent diffusion coefficient (ADC
value), which reflect the direction and rule of diffusion
movement [9]. It can control the magnetization state of H2O
molecules and can well ensure the diffusion process of H2O
molecules, so as to obtain the specific diffusion situation,
which makes DTI technology gradually rise to occupy an
important position. It has also led to the rapid development
of this technology in recent years. It is also widely used in
cerebral ischemia and leukoaraiosis in clinical practice.
Although DTI technology has been mature research and, on
this basis, high-angular resolution diffusion magnetic res-
onance imaging technology has also been derived, there are
still some shortcomings in the tensor model, so it is of
positive significance to carry out image registration and
explore tensor-based registration algorithms to improve the
resolution of images and make the registration accuracy

higher [10]. In DTI acquisition, although the quality of echo-
planar imaging can be improved by improving the hardware,
thereby improving the quality of diffusion tensor images,
this requires a relatively expensive cost; DWI images can also
be used for registration, followed by tensor calculation again,
but this also has some limitations. In addition, in some
processes, the original data formed cannot be obtained, so it
cannot be improved in scalar or imaging. It is very mean-
ingful to improve the image resolution or registration ac-
curacy by using different interpolation methods from the
software algorithm. (erefore, the results were analyzed by
DTI with effect registration through an image registration
algorithm to explore the effect of nursing intervention on the
self-management and quality of life of patients with CKD, in
order to provide a certain reference for clinical management
of patients.

2. Materials and Methods

2.1. General Information. One hundred patients with CKD
(50 males and 50 females, aged 30–65 years) treated in
hospital from January 2021 to January 2022 were randomly
selected as the subjects. (e patients were randomly divided
into the experimental group and the control group, with 25
males and 25 females in the experimental group: 19 cases of
hypertensive renal arteriosclerosis, 12 cases of diabetic ne-
phropathy, 8 cases of chronic uric acid nephropathy, and 11
cases of glomerulonephritis; there were 25 males and 25
females in the control group: 20 cases of hypertensive renal
arteriosclerosis, 11 cases of diabetic nephropathy, 9 cases of
chronic uric acid nephropathy, and 10 cases of glomeru-
lonephritis. (is research had been approved by the ethics
committee of hospital, and patients and their families signed
the informed consent form.

(e inclusion criteria are as follows: patients meet the
diagnostic criteria of CKD, patients aged 30–65 years old,
and patients with complete medical records.

(e exclusion criteria are as follows: patients younger
than 30 years or older than 65 years, patients suffering from
other serious diseases and serious complications such as
thyroid dysfunction, immune system disease, and acute
renal failure, breastfeeding or pregnant women, and patients
with mental disorders.

2.2. TreatmentMethods. In the control group, in addition to
the routine nephrology nursing operation, the patients were
regularly transmitted with health knowledge and some
specific operations for the prevention and treatment of CKD,
guiding the patients to self-manage according to the cor-
responding measures. In addition to these basic operations
in the control group, the experimental group also underwent
nursing maintenance guidance intervention, which included
preparation before nursing nutrition guidance intervention,
development of guidance intervention plan, nursing nu-
trition guidance, and intervention measures [11] (Figure 1).

2.3. Technical Inspection and Image Processing. A 3.0T
magnetic resonance scanner was used for routine MRI
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scanning.(e patients were examined by the DTI technique.
(e patients were not allowed to eat for more than 8 hours
before the examination. (e scanning was performed in the
supine position. (e scanning position was axial and cor-
onal. Information was collected parallel to the oblique
coronal view of both kidneys, and scans were performed
continuously to ensure the comprehensiveness of the scans.
DTI used single-shot spin echo-planar imaging (SSEPI); the
scanning time was about 20 s, the scanning thickness and
spacing were 6mm and 1mm, the matrix range was
256× 256, and the field of view was 25 cm× 25 cm. (e

obtained images were smoothed and denoised, so as to
calculate and generate FA and ADC maps using Extended
MR WorkSpace workstation image processing software.

2.4. Diffusion Tensor Image Registration. (e diffusion
tensor image registration algorithm [12, 13] mainly includes
the following flow, which is shown in Figure 2.

First, spatial transformation and reorientation are car-
ried out: reorientation is divided into rigid transformation,
affine transformation, and high-order transformation

1.State the purpose and significance of nursing
nutrition guidance to the patient,
2. Inform the patient of the obtained indicators in a
timely manner,
3. Detect the patient's ambivalence and assess their
willingness to change,
4. Depending on the situation at different stages, there
are Provide targeted nutrition guidance;
5. Emphasize the key nodes in the treatment to the
patient according to the situation, and inform the
patient of the nutritional treatment intervention content
in the next stage.

Interventions

Targeted and
reasonable

diet

Nursing nutrition
guidance

preparation before
intervention

Develop a guided intervention
plan

Evaluate the performance of patients at different stages, and
formulate corresponding interventions based on the results.

Nursing nutrition guidance steps

Figure 1: Specific procedure of nursing intervention.
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Figure 2: Schematic of diffusion tensor image registration algorithm.
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according to different spatial transformations. (e re-
orientation under rigid transformation can be expressed as
follows:

B′ � RBR
T
. (1)

(e tensor B of the image after rigid body transfor-
mation E is replaced by tensor B′ using the microstrain
method [14]. R (rotation component of rigid body trans-
formation) represents the rotation transformation matrix of
transformation E decomposed by the polar coordinate de-
composition method; redirection under affine transforma-
tion is as follows:

F � UR, (2)

R � TT
T

􏼐 􏼑
− (1/2)

F. (3)

Using the finite strain method [15], according to the
polar coordinate decomposition theory, the deformation
matrix is decomposed into the rotation component R of the
rigid body transformation and another deformation com-
ponent U, and equation (2) is obtained. (e rotation
component R is extracted and converted by equation (1) to
obtain equation (3).

(en, the similarity is measured: the sum of squared
differences (SSD) [16, 17], which is the difference of some
scalar properties used in the early image registration. SSD is
defined as the sum of squares of the difference of the cor-
responding elements of two tensor matrices, which is
expressed as follows:

SSD � 􏽘
3

a�1
􏽘

3

b�1
B
1
ab − B

2
ab􏼐 􏼑

2
. (4)

(e DTI standard is judged, and the average overlap of
eigenvalues-eigenvector (AOE) is used for comparison to
determine the impact of reorientation on the registration
results.

AOE �
1
n

􏽘

n

a�1
􏽘

3

b�1
λa

bλ
∗ a
b e
⇀ a

b · e
⇀∗a

b􏼐 􏼑
2

·
1

􏽐
3
b�1 λ

a
bλ
∗ a
b

⎛⎝ ⎞⎠, (5)

where λa
b , e
⇀a

b , λ
∗ a
b , and e

⇀∗a
b mean feature vector of the bth

eigenvalue of the ath position of the target image and the
original image.

2.5.OutcomeMeasures. Outcomemeasures mainly included
four aspects of observation indicators: self-management
behavior, quality of life, DTI-related parameters (ADC and
FA values of cortex and medulla), and renal function in-
dicators (serum creatinine (Scr), urinary protein (24 h-
Upro), and estimated glomerular filtration rate (eGFR)).

2.6. Statistical Processing. Statistical software SPSS 20.0 was
used to process and analyze the data of the experimental data.
(e measurement data were expressed as mean± standard
deviation (x± s). (e independent sample t-test was used for
comparison. P< 0.05 was considered statistically significant.

3. Results

3.1. Comparison before and after Image Registration
Algorithm Processing. (e results of diffusion tensor object
after image registration are shown in Figure 3. Figure 3(a)
is the original image, Figure 3(b) is the image after regis-
tration transformation, and the image contour and internal
texture are clearer than those before registration.

3.2. Self-Management Behavior Scores before and after
Intervention. (enursing intervention was maintained for 6
months, and various observation indicators were recovered
and statistically analyzed after 6 months. (e statistical
results showed that the self-management ability was im-
proved to a certain extent compared with that before in-
tervention and the level of self-management ability in the
control group (92.81± 19.32) was slightly lower than that in
the experimental group (107.12± 18.78), and the difference
had statistical significance (P< 0.05) (Figure 4).

3.3. Scores of Quality-of-Life Indicators before and after
Intervention. (e scores of all indicators of quality of life in

(a) (b)

Figure 3: Comparison of effect before and after registration. (a) Original image; (b) the image after registration transformation.
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the experimental group and the control group showed a
certain degree of improvement after 6months of intervention,
and the comparison revealed that the experimental group
(121.47± 11.21) had certain advantages over the control group
(104.89± 12.11),witha slightlyhigher score, and thedifference
had statistical significance (P< 0.05) (Figure 5).

3.4. Comparison of ADC and FA Values of Cortex and
Medulla before and after Intervention. According to statistical

data, compared with the control group, the corresponding
ADC value (2.54± 0.28) and FA value (0.28± 0.07) of the
cortex in the experimental groupwere significantly greater than
those in the control group (2.35±0.21 and 0.23±0.04), and the
differences had statistical significance (P< 0.05). (e corre-
sponding ADC value (2.32± 0.22) and FA value (0.59± 0.02) of
the medulla in the experimental group were also greater than
those in the control group (2.12±0.24 and 0.41± 0.17), and the
differences had statistical significance (P< 0.05) (Table 1 and
Figure 6).
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Figure 4: Comparison of self-management behavior scores before and after intervention between the two groups. (a–d) (e self-man-
agement skills, diet control, regular exercise, and the ability to follow doctor’s orders before and after the intervention in the experimental
group and the control group, respectively. mCompared with that before intervention, P< 0.05; ncompared with the control group after 6
months of intervention, P< 0.05.
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3.5. Comparison of Renal Function Parameters. One-way
ANOVA showed that compared with the experimental
group, the levels of Scr (μmol/L) (421.38± 42.78) and 24 h-
Upro (mg/d) (1,836.7± 545.98) were higher in the control
group, and the eGFR (mL/min) (22.56± 2.35) was lower in
the control group than in the experimental group. (e
difference had statistical significance (P< 0.05) (Figure 7).

4. Discussion

In recent years, with the changes in living environment and
dietary structure, CKD has become a major disease

endangering human health and has become a public health
problem that is concerned and strongly solved worldwide
[18, 19]. CKD refers to the gradual damage of renal function
under the influence of various adverse factors, forming
developmental damage to the structure of the kidney.
Popularly speaking, CKD is not a sudden attack, but a
consequence of long-term neglect of the accumulation of
kidney disease by patients.(ere are three types of CKD that
mainly endanger the health of the population in China:
hypertension, glomerulonephritis, and diabetic nephropathy
[20, 21]. According to Liu Wenhu, director of the Ne-
phrology Department of Beijing Friendship Hospital, “only
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Figure 5: Comparison of scores of quality-of-life indicators before and after intervention between the two groups. (a–c)(e level of quality-
of-life mental function and physiological function before and after intervention in the experimental group and control group, respectively.
mCompared with that before intervention, P< 0.05; ncompared with the control group after 6 months of intervention, P< 0.05.

6 Concepts in Magnetic Resonance Part A, Bridging Education and Research



about 12.5% of Chinese patients with CKD have been di-
agnosed.” (is also maps to the phenomenon from the side
that only one in eight of these patients is aware of their
disease and thus obtains the corresponding treatment
[22, 23]. DTI, as a special form of magnetic resonance
imaging, plays a crucial role in the diagnosis of kidney
disease. Image registration technology can help phase to a
certain extent and play a quite important and indelible role
in medical image processing. Moreover, it helps doctors to
accurately find lesions with the help of images. With the
continuous progress of the technology, the corresponding
functions of medical image extraction equipment have been
improved to a great extent, not only the images containing
detailed image information such as CT and MRI can be
collected, but also a large number of images about functional
information such as SPECT can be collected [24]. Since
image registration technology can capture and collect dy-
namic images at different time points and use the equation
for registration, the resulting image of registration is more
accurate and facilitates the doctor to carefully analyze the
size of the lesion site and the lesion condition, so that the
medical diagnosis, surgical planning, and radiotherapy
planning become more accurate and reliable [25, 26].
Nursing intervention can help patients to recover to a certain
extent, so the characteristics of renal DTI with an image

registration algorithm are used to explore the effect of
nursing intervention on self-management and quality of life
in patients with CKD.

(e image registration algorithm was used to optimize
the phase of DTI. By observing various indicators, it was
found that the subjects were randomly divided into the
experimental group and the control group. (e control
group was mainly given routine nephrology nursing and
health education, while the experimental group carried out
nursing guidance intervention based on the control group.
(e data of self-management behavior, quality of life, DTI-
related parameters, and renal function indicators after 6
months were collected and analyzed.(e results showed that
the image outline and internal texture of the diffusion tensor
image were clearer after image registration. After 6 months
of nursing intervention, the self-management ability score of
the control group was 92.81± 19.32, while that of the ex-
perimental group was 107.12± 18.78, which was lower in the
control group than in the experimental group, and the
difference had statistical significance (P< 0.05). (e scores
of all indicators of quality of life in the experimental group
and the control group showed a certain degree of im-
provement after 6 months of intervention. (e experimental
group (121.47± 11.21) was greater than the control group
(104.89± 12.11), and the difference had statistical

Table 1: Comparison of ADC and FA values of cortex and medulla.

Group
Cortex Medulla

ADC value FA value ADC value FA value
Experimental group 2.54± 0.28∗ 0.28± 0.07∗ 2.32± 0.22∗ 0.59± 0.02∗
Control group 2.35± 0.21 0.23± 0.04 2.12± 0.24 0.41± 0.17
F 20.987 6.768 20.141 32,523
P <0.001 <0.001 <0.001 <0.001
∗Compared with the control group, P< 0.05.
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Figure 6: ADC and FA values of cortex andmedulla before and after intervention. (a) Comparison between the ADC value of the cortex and
the FA value; (b) comparison of the ADC value of the medulla and the FA value. ∗Compared with the control group, P< 0.05.
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significance (P< 0.05). (e self-management ability and
quality of life of the experimental group showed a certain
degree of improvement, which indicated that under the
nursing intervention, the lifestyle of the patients had a
certain change and the cognition about the disease and the
coping strategies were more scientific. (e physical per-
formance status through exercise had also changed, and
these comprehensive changes made the patients’ recovery
superior to the common treatment. Compared with the
control group, the corresponding ADC value (2.54± 0.28)
and FA value (0.28± 0.07) of the cortex in the experimental
group were significantly greater than those in the control
group (2.35± 0.21 and 0.23± 0.04), and the differences had
statistical significance (P< 0.05). (e corresponding ADC
value (2.32± 0.22) and FA value (0.59± 0.02) of the medulla
were also numerically greater than those of the control group

(2.12± 0.24 and 0.41± 0.17), and the differences had sta-
tistical significance (P< 0.05). (e ADC value and FA value
show the performance of the direction of water molecule
transport in organs. In patients with kidney disease, due to
the change in renal function and structure, the corre-
sponding water molecule movement direction will be
changed and the ADC value and FA value will also be re-
duced. In this experiment, the corresponding ADC value
and FA value in the cortex and medulla in the experimental
group were greater than those in the control group. (is
result was caused by the reduction of renal necrosis, the
gradual recovery of renal structure, and the reduction of the
change degree of internal water molecule movement di-
rection under the intervention treatment compared with the
common treatment method. One-way ANOVA showed that
compared with the experimental group, the levels of Scr
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Figure 7: Comparison of renal function parameters in CKD patients. (a–c) (e serum creatinine, 24 h urine protein, and estimated
glomerular filtration rate of the experimental group and control group, respectively. ∗Compared with the control group, P< 0.05.
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(μmol/L) (421.38± 42.78) and 24 h-Upro (mg/d)
(1,836.7± 545.98) were higher in the control group and the
eGFR (mL/min) (22.56± 2.35) was lower in the control
group than in the experimental group. (e difference had
statistical significance (P< 0.05). It is reported in the relevant
literature that Scr, 24 h-Upro, and eGFR can reflect the
change in renal function. (e greater the Scr and 24 h-Upro
values, the more severe the renal injury, and the smaller the
eGFR, the more severe the renal injury [27]. (e experi-
mental results showed that the Scr and 24 h-Upro values in
the experimental group of nursing intervention were less
than those in the control group and the eGFR value was
greater than that in the control group, that is, the better the
recovery of renal function under nursing intervention.

5. Conclusion

DTI through image registration, image outline, and internal
texture is clearer. Nursing intervention has certain positive
significance for self-management and quality of life of pa-
tients with CKD. However, the sample size of this experi-
ment is limited and adjustment is needed in the
extensiveness of the study subjects. In conclusion, this ex-
periment can provide some reference value for the clinical
treatment of CKD.
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'is study was focused on the magnetic resonance-ultrashort time of echo (MR-UTE) imaging technology based on the
convolution residual network (CRN) algorithm to evaluate the degeneration of intervertebral disc endplate (DIDCE) and the
efficacy of rehabilitation nursing intervention. In this study, 90 patients with intervertebral disc degeneration in the hospital were
randomly divided into an intervention group (45 cases) and a control group (45 cases). All patients were scanned by a magnetic
resonance imaging system, and the original UTE images were postprocessed. 'e control group received routine nursing. 'e
intervention group used massage and rehabilitation nursing intervention measures. 'e CRN algorithm is used to reconstruct the
undersampled MR image and compared with ESPIRiT algorithm and the Regridding algorithm. 'e result found that CRN has
more advantages than ESPIRiTand Regridding reconstruction algorithms. 'e proportion of partial disappearance and complete
disappearance of fibrous ring structure in the low back pain group was higher than that in the non-low back pain group, with a
statistical difference (P< 0.05). 90 patients with intervertebral disc cartilage endplate degeneration were divided into lumbago
group (62 cases) and nonlumbago group (28 cases) according to whether they had lumbago.'e nursing satisfaction of patients in
the intervention group (97%) is significantly higher than that of patients in the control group (69%) (P< 0.05). In conclusion, the
CRN algorithm successfully removes artifacts and noise in the undersampled image. Cartilage endplate, annulus fibrosus, and
bony endplate partially disappeared by the MR-UTE imaging technique. Rehabilitation intervention proved to have a positive
effect on the treatment of patients with intervertebral disc degeneration and can improve patients’ satisfaction.

1. Introduction

'e intervertebral disc is a fibrous cartilaginous structure
that connects the adjacent vertebrae of the spine and consists
of a central nucleus pulposus and the surrounding annulus
fibrosus. It is located within the boundary of the interver-
tebral space. 'e upper and lower boundaries of the in-
tervertebral space are the endplate of the vertebral body, and
the surrounding boundaries of the intervertebral space are
the plane of the bony edge of the spine [1, 2]. 'e main
function of the disc is to bear the pressure, load the flexibility
and elasticity of the spine, and cushion the shock. Degen-
eration of intervertebral disc endplate (DIDCE) arises from
the natural aging of the body and the joint action of various

factors. It manifests as a series of cascade reactions in various
parts of the cartilage endplate of the intervertebral disc under
various mechanisms of action such as pathophysiology,
biochemistry, and biomechanics [3–5]. DIDCE is a pre-
requisite and pathological basis for spinal degenerative
osteoarthropathy and is one of the main causes of low back
pain.

With the development of imaging technology, the main
methods for clinical examination of the lumbar spine in-
clude X-ray, CTexamination, and magnetic resonance (MR)
[6]. X-ray examination is the most commonly used imaging
examination in clinical practice, which is simple and of low
cost, but cannot directly show the internal structure of the
intervertebral disc [7]. CT examination has obvious
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advantages in the bone examination due to its short scan-
ning time and high-density resolution, but its soft tissue
contrast is poor and it cannot display the structure of
cartilage endplate and annulus fibrosus [8]. MR has the
advantages of no radiation, high soft tissue resolution, and
no overlapping image, showing great potential in the
morphology and functional display of intervertebral disc and
becoming the main imaging examination method of the
lumbar spine [9–12]. With the continuous progress of im-
aging technology, magnetic resonance-ultrashort time of
echo (MR-UTE) technology can significantly shorten the
echo time and collect and display short T2 tissue signals,
pointing out a new research path for DIDCE [13]. 'e MR-
UTE double-echo sequence can directly display the cartilage
endplate, improve the intertissue contrast of the vertebral
disc junction area, and visually distinguish the annulus
fibrosus, cartilage endplate, and bone endplate, facilitating
the comparison of DIDCE imaging with conventional MR
sequences [14].

As a data-oriented processing method, deep learning can
classify and segment common features among complex
training data sets. In addition, deep learning is widely used in
image deblurring, denoising, and image enhancement. In
this study, the convolution residual network (CRN) algo-
rithm was constructed to learn the mapping relationship
between undersampled and fully-sampled MRI images.
'en, it was required to predict the signals lacking in
undersampled images to obtain approximately fully-sam-
pled MRI images [15, 16].

In this study, 90 patients with intervertebral disc car-
tilage endplate degeneration were selected, and all of them
underwent MR-UTE examination. 'e MR-UTE images of
patients were processed by constructing a convolution re-
sidual network algorithm, aiming at analyzing whether low
back pain will cause the difference in the degenerative in-
tervertebral disc and whether it will affect the morphological
structure and distribution of annulus fibrosus, cartilage
endplate, and bony endplate, so as to provide an earlier and
more accurate diagnosis basis for the clinic.

2. Materials and Methods

2.1. Subjects. In this study, 90 DIDCE patients enrolled in
the hospital fromNovember 20, 2019, to December 20, 2020,
were divided into an intervention group (45 cases) and a
control group (45 cases) according to the presence or ab-
sence of low back pain, with a total of 450 discs. 'ere were
35 males and 55 females, aged 25–75 years, with an average
weight of 51.26± 12.64 kg. 'ere was no significant differ-
ence in general data between the two groups (P> 0.05),
indicating comparability. 'is study had been approved by
the ethics committee of the hospital, and patients and their
families signed the informed consent form.

Inclusion criteria are as follows: (1) conventional MRI
showed different degrees of lumbar disc degeneration; (2)
patients with previous lumbosacral stiffness or pain are
included; (3) MRI imaging data were complete.

Exclusion criteria are as follows: (1) patients with pre-
vious infections, diseases of the blood system, and metabolic

diseases; (2) history of spinal surgery, spinal malformation
surgery, spinal trauma, etc.; (3) with claustrophobia, IUDS,
spinal metal implantation, early pregnancy, and other MRI
scan contraindications.

2.2.MR-UTEExamination. All patients were examined by a
3.0 T magnetic resonance imaging system, using the whole
spine coil.'e patient was in a supine position, with the head
advanced, at the level of the third lumbar spine. 'e entire
lumbar spine was scanned, ranging from the T12/L1 to the
L5/S1 discs. Each patient underwent a conventional sagittal
scan with T1WI, T2WI, and UTE double-echo sequences.
Table 1 showed the scan sequence parameters.

2.3. Construction of CRN Algorithm. As an important
technique to interpolate nonuniformly sampled data points
into a straight line grid, the gridding algorithm has been
widely researched and innovated. 'e improved gridding
algorithm is defined as the gridding algorithm, which is used
for MR image reconstruction in experiments.

'e Kaiser-Bessel function used by the Jackson gridding
algorithm is

ω(λ) �
I0 α

����������

1 − (2λ/W)
2

􏽱

􏼒 􏼓

I0(β)
， |λ|≤

W

2

ω(λ) � 0， |λ|>
W

2
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⎪⎪⎪⎪⎪⎪⎪⎩

⎫⎪⎪⎪⎪⎪⎪⎪⎬

⎪⎪⎪⎪⎪⎪⎪⎭

, (1)

where (λ) is the Kaiser-Bessel window function, I0 is the
zero-order modified Bessel function, and W is the window
length.

'e calculation formula of the MRI image finally
reconstructed by the gridding algorithm is

Mi(x, y) � Mr(x, y) ·
f(x, y)

r(x, y)
, (2)

where Mi is the reconstructed MRI image, Mr is the inverse
Fourier transform of, f is the inverse Fourier transform of,
and r is a rectangular function.

To improve the accuracy under undersampling technical
conditions, this study proposes a deep learning-based ar-
tifact removal method, the CRN algorithm. Firstly, the
undersampled MR image is reconstructed and processed
using the following equation.

MRhigh quality � F MRlow quality􏼐 􏼑, (3)

where MRlow quality represents the MR image reconstructed
from undersampled data, which contains a large number of
noise points and artifacts. MRhigh quality represents the MR
image reconstructed from fully sampled data, used as the
gold standard for image reference. F function, learned by
CNN, is used to process undersampled MR images with
artifacts and noise.

'ere are mainly three steps. First, MR data of full
sampling and undersampling are obtained by 3D-UTE

2 Concepts in Magnetic Resonance Part A, Bridging Education and Research



sequence acquisition, and a reconstruction algorithm is used
to reconstruct the image, with the full sampling MR image
taken as the gold standard. 'en, a three-layer neural net-
work is constructed and trained with undersampled and
fully sampled image data at different echo times, so that it
can effectively remove the noise and artifacts from under-
sampled images [17, 18]. Finally, the CRN algorithm is used
to predict MR images of high quality. 'e structure diagram
of the CRN algorithm is shown in Figure 1.

'e CRN algorithm is calculated as follows.

M0 � Mi + W1 × RO ReLU W2 × RO ReLU W2 × Mi + a1( 􏼁( 􏼁 + a2( 􏼁( 􏼁 + a3, (4)

where Mi represents the undersampled MR image whose
undersampled multiple is 2; W1, W2, and W1 all represent
the weight, which contains the convolution kernel of 5× 5;
a1, a2, and a3 represent the bias quantity, ReLU represents
the activation function, and RO represents the normaliza-
tion operation. 'e loss function is expressed as follows.

L(A, B) �
1
N

× 􏽘
N

j�1
Ai − Bi

􏼌􏼌􏼌􏼌
􏼌􏼌􏼌􏼌, (5)

where Ai represents pixels in the undersampled MR image,
Bi represents Bi pixels in the fully sampledMR image, and Ai

and Bi correspond to each other. L(A, B) represents the loss
function, and N represents the number of pixels in the MR
image.

2.4. MR-UTE Image Postprocessing and Data Measurement.
After the scanning, the UTE original image was post-
processed. First, the original UTE images of each patient
were uploaded to the workstation under the same repetition
time and different echo times. 'e image positions were
consistent at each echo time, and the two groups of images
with the same number of layers at each echo time were
silhouetted by postprocessing software. 'e original image
of the second layer echo time was subtracted from the
original image of the first layer echo time, the image after
silhouette was retained, and the original image of the first
echo time was saved.

'e sharpness of anatomical structures in T1WI, T2WI,
and UTE images was compared semiquantitatively with
conventional MR sequences, and the articulation of inter-
vertebral disc and surrounding structures, annulus fibrosus
(AF), cartilage end plate (CEP), and vertebral end plate
(VEP) was assessed.

2.5. Imaging Indicators of DIDCE. At present, the Pfirrmann
grading method is commonly used clinically (Table 2) [19],
which often requires sagittal images of the T2WI sequence
for diagnosis. Two physicians independently evaluated the
degeneration signs of each intervertebral disc segment, and
any inconsistency was solved through consultation and
discussion.

2.6. SagittalDouble-EchoMR-UTE Image. 'eMR-UTE was
used to analyze the cartilaginous endplates, annulus fibroids,
and vertebral endplates in DIDCE patients: complete, par-
tially absent, and completely absent according to their
structural integrity. Integrity refers to the continuity of
structural morphology observed at all sagittal levels; partial
disappearance refers to the continuous interruption of
structural signals at two consecutive levels observed at the
sagittal level, and the interruption length is less than half of
the transverse diameter of the structure; complete disap-
pearance refers to the continuous interruption of the
structural signal from the sagittal plane, and the interruption
length reaches more than half of the transverse diameter of
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Convolution

Gridding reconstruction

Single component fitting

Figure 1: Schematic diagram of the structure of the CRN
algorithm.

Table 1: 'e scan parameters of T1WI, T2WI, and UTE.

T1WI T2WI UTE
Repetition time (ms) 450 4200 87.3
Time of echo 1 (ms) 20 120 0.029
Time of echo 2 (ms) — — 7.2
Flip angle 90° 90° 15°
Layer thickness (mm) 2.5 2.5 2.5
Layer spacing (mm) 1 1 1
Matrix 385× 258 385× 258 512× 512
Number of layers 16 16 32
Echo train length 9 25 —
Scanning time 136 s 110 s 506 s
Number of excitation 1.5 1 1
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the structure. Two physicians read the films independently.
Any disagreement was solved through consultation and
discussion. 'e imaging findings should be observed,
recorded, and counted.

2.7. Rehabilitation Nursing Intervention Methods. 'e con-
trol group received routine nursing. In the intervention
group, on the basis of routine nursing, massage and reha-
bilitation nursing intervention measures were used, and the
patients’ waist acupoints were professionally massaged. At
the same time, health education, rehabilitation nursing,
rehabilitation training, and retraining were given to the
patients. Rehabilitation nursing intervention is as follows.

Monitoring of respiration, blood pressure, blood oxygen
saturation, and electrocardiogram: all patients in this group
had different degrees of anemia after the operation, and
extubation was delayed for 16 hours after anesthesia. After
the patient returned to the ward, he was given 3 L/min of
oxygen, monitored by bedside ECG, and closely monitored
pulse, respiration, blood pressure, oxygen saturation, and
ECG. Observe and record every 30min minutes within 6
hours after the operation, and change to 1 hour after sta-
bilization until 48 hours or 72 hours. After treatment and
nursing, he was discharged from the hospital.

And the monitoring of spinal cord and nerve function:
make the patient move both lower limbs, and evaluate
whether the muscle strength is back to normal. Observe and
record every 30 minutes in the first 12 hours after operation
to prevent the occurrence of spinal cord ischemia-reper-
fusion injury.

Comprehensive functional exercise: on the day of op-
eration, encourage and assist patients to stretch and bend
their ankles and knees, improve the muscle fatigue of supine
limbs, and relax muscles after operation and operation. On
the first day after the operation, respiratory function training
was added, and the frequency and intensity of training were
determined according to the patient’s personal tolerance and
the patient’s basic exercise. On the third day after the op-
eration, the exercise of both upper limbs was increased,
including fist-clenching, chest-expanding, shoulder-shrug-
ging, shoulder-lifting, abduction, and rotation, so as to
promote the recovery of vital capacity and prevent scap-
ulohumeral periarthritis and joint stiffness. One week after
the operation, after the patient’s body temperature dropped,
pain improved, and physique recovered, four-point support
training was conducted to train the back extension function.

2.8. Statistical Methods. SPSS 21.0 statistical software was
used for the statistical analysis of the data. 'e calculated
data conforming to normal distribution were represented by
the mean standard deviation (X ± S) and the T-test was
adopted. 'e in-conforming data were expressed as the
percentage (%) and the χ2 test was used. 'e structural
integrity and distribution of cartilage end plate, annulus
fibrosus, and osseous end plate at different DIDCE levels
were examined by R×C chi-square. Kendall’s rank corre-
lation was used to analyze the correlation of dichotomous
variables. P< 0.05 indicated significant differences.

3. Results

3.1. Experimental Results of Different Algorithms. Select the
region of interest (ROI) in the experiment; an MR image
reconstructed from full sampling data is the gold standard of
the image reference. 'e Regridding algorithm, ESPIRiT
algorithm, and CRN algorithm were used to reconstruct MR
images, respectively. 'en, the 10 echo signals of single
exponential fitting were compared with the gold standard for
F-test, to judge whether the fitting results obtained by the
three algorithms were significantly different from the gold
standard.

As shown in Figure 2, the 10 echo signals of ESPIRiT
algorithm and CRN algorithm had higher numerical simi-
larity with gold standard echo signals, and the attenuation
trend of echo signals was more similar to the gold standard.
According to Figure 3, the reconstruction results of the
Regridding algorithm were statistically different from the
gold standard, while the results of ESPIRiT algorithm and
CRN algorithmwere not significantly different from the gold
standard. Compared with ESPIRiT reconstruction algo-
rithm, the CRN reconstruction algorithm had more
advantages.

3.2. UTE Imaging Analysis of Bone Integrity of Cartilage
Endplate, Annulus Fibrosus, and Vertebral Endplate. In the
UTE image in the first echo signal, the nucleus pulposus
showed a uniform low signal; the cartilaginous endplate
between the nucleus pulposus and the upper and lower
vertebral bodies showed continuous high signal; the verte-
bral endplate showed continuous and complete isosignal; the
annulus fibrosus of the nucleus pulposus had a spindle shape
and slightly higher signal. After the UTE image was sil-
houetted, the nucleus pulposus still showed uniform low

Table 2: DIDCE Pfirrmann grading.

Characteristics Grade I Grade II Grade III Grade IV Grade V

Structure of nucleus pulposus Even, bright white Uneven, horizontal
band can be observed

Uneven,
gray

Uneven,
gray to black

Uneven,
black

Nucleus pulposus-annulus
fibrosus boundary Clear Clear Unclear Lost Lost

Nucleus pulposus signal
intensity

High (comparable to
cerebrospinal fluid)

High (comparable to
cerebrospinal fluid) Medium Medium to low Low

Disc height Normal Normal Slightly
reduced

Moderately
reduced

Severely
reduced
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signal; the cartilaginous endplate showed linear continuous
high signal; the upper and lower layers of the vertebral
endplate were intact and continuous, presenting slightly low
signal; the annulus fibrosus was complete in shape, and the
signal was continuously slightly higher (Figure 4).

'e UTE images of moderate DIDCE in the first echo
signal and after silhouette showed that the morphological
structure of the cartilage endplate, annulus fibrosus, and
vertebral endplate was partially disappeared and that the
structure of one side was incomplete (Figure 5).

'e UTE images of severe DIDCE in the first echo signal
and after silhouette showed that the morphological structure

of the cartilage endplate, annulus fibrosus, and vertebral
endplate was absent and that the structures of the upper and
lower sides were absent (Figure 6).

3.3. Bone Integrity Distribution and Composition Ratio of
Cartilage Endplate, Annulus Fibrosus, and Vertebral
Endplate. 90 patients with intervertebral disc cartilage
endplate degeneration were divided into the lumbago group
(62 cases) and nonlumbago group (28 cases) according to
whether they had lumbago. 'e bone integrity of the car-
tilaginous endplate and bony endplate structure showed no
statistical difference between the two groups (P> 0.05).'ey
had the highest proportion of partial disappearance and the
lowest proportion of complete disappearance in both
groups. As for the structural integrity distribution of annulus
fibrosus, the proportions of partial disappearance and
complete disappearance were higher in the lumbago group
than in the nonlumbago group, with statistical differences
(P< 0.05), as shown in Figure 7.

3.4. Correlation Analysis between Clinical Symptoms and
Degeneration Degree of Intervertebral Disc. Included discs
were graded according to the Pfirrmann grading criteria, as
shown in Figure 8. Patients were divided into lumbago
group and nonlumbago group according to the clinical
symptoms, and there was no statistical difference in the
constituent ratio between the two groups (P> 0.05), indi-
cating that there was little correlation between the inter-
vertebral disc degeneration degree and clinical symptoms.

3.5. �e Correlation between Structural Integrity of Cartilage
Endplate and Pfirrmann Grading of Intervertebral Disc
Degeneration. According to the different Pfirrmann grades
of the lumbago group and the nonlumbago group, the R×C
Chi-square test was performed on the integrity composition
ratio of different cartilage endplates. 'e results showed that
the χ2 of the lumbago group and the nonlumbago group
were 169.32 and 35.02, respectively, with a statistical dif-
ference (P< 0.05), indicating that intervertebral disc de-
generation was correlated with the integrity of cartilage
endplate. Kendall’s was 0.512 and 0.547, respectively,
showing a moderate correlation (Tables 3–4).

3.6. Satisfaction of Rehabilitation Nursing. 'e experimental
results show that the nursing satisfaction of patients in the
intervention group (97%) is significantly higher than that of
patients in the control group (69%), and there is a statistical
difference between the two groups (P< 0.05) (Figure 9).

4. Discussion

With a series of physiological and pathological changes, the
internal permeability of the intervertebral disc nucleus
pulposus reduces, and water loss gradually occurs, leading to
fibrosis, and then nucleus pulposus tension is falling and
intervertebral disc height changes, resulting in a material
exchange between the cartilage endplate in dispersion effect.
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Figure 2: Line chart of 10 echo signals of Regridding, ESPIRiT, and
CRN algorithms.

G
ol

d
sta

nd
ar

d/
Re

gr
id

di
ng

G
ol

d
sta

nd
ar

d/
ES

PI
Ri

T

G
ol

d 
sta

nd
ar

d/
CR

N

F-
Cr

ite
rio

n

*

0

5

10

15

20

25

30

35

40

F 
va

lu
e

Figure 3: F-test results of Regridding, ESPIRiT, and CRN algo-
rithms. ∗Compared with F-standard, P< 0.05.

Concepts in Magnetic Resonance Part A, Bridging Education and Research 5



'erefore, cartilage endplate degeneration is a major cause
of intervertebral disc degeneration. MR imaging manifes-
tations of intervertebral disc degeneration mainly include
decreased T2 signal of the intervertebral disc, intervertebral
disc vacuum changes, bone marrow changes, mutations,

annulus fibrosus tears, calcification, ligament changes, and
spinal stenosis [20–22]. Decreased disc T2 signal is due to
changes in glycosaminoglycan concentration and water
molecular content. As the disc develops, a vacuum will
occur, which on MR imaging shows no signal on T1WI and

(a) (b) (c)

Figure 5: T2WI, T1WI, and UTE images of a male aged 65 who had suffered low back pain accompanied by radiating pain in the left limb for
5 years. (a) T2WI; (b) T1WI; (c) UTE.

(a) (b) (c)

Figure 4: T2WI, T1WI, and UTE images of a female aged 53 who did not have low back pain. (a) T2WI; (b) T1WI; (c) UTE.
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T2WI images. When the intervertebral disc is calcified, there
will be a low signal or no signal in the MR image. Pfirrmann
grading scale is a T2WI sagittal grading method based on
intervertebral disc nucleus pulposus structure, signal

strength, intervertebral disc height, and annulus fibrosus
boundary.

MR-UTE technology is a new technology for short T2
tissue imaging in the human body, which can reduce the

Complete

Partial
disappearance

Complete
obiteration

20 40 60 800
Proportion (%)

Non-lumbago group
Lumbago group

(a)

Complete

Partial
disappearance

Complete
obiteration *

*

*

Non-lumbago group
Lumbago group
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Proportion (%)

(b)

Complete
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Figure 7: Bone integrity analysis of cartilage endplate, annulus fibrosus, and vertebral endplate. (a) Integrity of cartilage endplate; (b)
annulus fibrous integrity; (c) integrity of vertebral endplates. ∗Compared with the nonlumbago group, P< 0.05.

(a) (b)

Figure 6: T2WI and UTE images of a female aged 62 who had suffered repeated low back pain for 8 years. (a) T2WI; (b) UTE.
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echo time and obtain images before the MR signal of short
T2 tissue attenuates to 0 [23]. 'e cartilage endplate of
intervertebral disc tissue is a kind of hyaline cartilage, rich in
polysaccharides, collagen, and water. It shows no signal by
conventional sequence, while UTE sequence can well display
the cartilage endplate and short T2 tissue of the anterior and
posterior longitudinal ligaments. In MR-UTE images, intact
intervertebral discs and calcified cartilaginous endplates
showed mainly medium-high signals near the cartilaginous
endplate. In this study, Pfirrmann grades of T2WI sequences
of patients with different degrees of disc degeneration were
analyzed, and the results showed that there was little cor-
relation between the disc degeneration degree and clinical
symptoms, in line with the results of Sampara et al. [24].

'en, themorphological integrity of cartilage endplate in
patients with and without lumbago was evaluated, which was

divided into integrity, partial disappearance, and complete
disappearance.'e results showed that there was a statistical
difference in the proportion of partial disappearance and
complete disappearance of annulus fibrosus between the two
groups (P< 0.05), indicating that low back pain was cor-
related with annulus fibrosus integrity. Next, the correlation
between Pfirrmann grading and cartilage endplate integrity
in two groups of patients with disc degeneration was ana-
lyzed, and the results showed that different degrees of disc
degeneration were moderately correlated with cartilage
endplate integrity, consistent with the results of Saberi et al.
[25].

Finally, two groups of patients were compared for sat-
isfaction with the nursing methods. 'e results showed that
the patients in the lumbago group had good recovery effects,
with high nursing satisfaction.

Table 3: 'e integrity of cartilage endplate and Pfirrmann grading distribution of intervertebral disc degeneration in the lumbago group.

Pfirrmann grading
χ2 P

Level I Level II Level III Level IV Level V
Complete 75 65 18 15 2 169.32 0.000
Partial disappearance 21 32 78 81 62
Complete obliteration 4 3 4 4 36

Table 4: 'e integrity of cartilage endplate and Pfirrmann grading distribution of intervertebral disc degeneration in the nonlumbago
group.

Pfirrmann grading
χ2 P

Level I Level II Level III Level IV Level V
Complete 82 45 15 1 2 35.02 0.000
Partial disappearance 15 51 76 98 76
Complete obliteration 3 4 8 1 22
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(a)

8%

23%

34%

15%

20%

Proportion of Pfirrmann Grading
in Non-lumbago group (%)

Level I
Level II
Level III

Level IV
Level V

(b)

Figure 8: Degeneration degree of the intervertebral disc in different clinical symptoms. (a) Lumbago group; (b) nonlumbago group.
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5. Conclusion

In this study,MR-UTE imaging technology based on the CRN
algorithm was used to analyze the images of 90 patients with
intervertebral disc degeneration and to evaluate the thera-
peutic effect of rehabilitation nursing intervention. It was
found that the CRN algorithm successfully removes artifacts
and noise in the under-sampled image, that different degrees
of intervertebral disc degeneration were moderately corre-
lated with the integrity of cartilage endplate, and that cartilage
endplate, annulus fibrosus, and bony endplate partially dis-
appeared by the MR-UTE imaging technique. Rehabilitation
intervention proved to have a positive effect on the treatment
of patients with intervertebral disc degeneration and can
improve patients’ satisfaction. 'e limitation of this study is
that the sample size is small, and the quality of MR-UTE data
is different, which increases the evaluation error. Later, it is
necessary to expand the sample size and include high-quality
data for further in-depth discussion. In conclusion, MR-UTE
imaging can clearly display the degeneration of disc cartilage,
providing a new technique for the noninvasive evaluation of
disc structure.
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(is study aimed to investigate the correlation between magnetic resonance imaging (MRI) findings of articular cartilage and
clinical symptoms in patients with osteoarthritis (OA). Eighty patients with OA were selected as the study subjects (OA group)
and 80 healthy subjects during the same period were also selected as the control group. All subjects underwent knee sagittal PDW-
SPAIR, sagittal T1WI-aTSE, sagittal T2WI-TSE, coronal PDW-SPAIR, sagittal 3D-WATSc, and sagittal T2 mapping scans.
(ereafter, all subjects underwent clinical assessment. (e whole-organ MRI score (WORMS) was adopted for MRI examination
and semiquantitative analysis, and the T2 value was calculated. (e correlation among T2 value, WORMS, and Western Ontario
andMcMaster University OA Index (WOMAC) was then compared and analyzed.(e correlation coefficients between T2 values
and WORMS in each sub-region of patients with OA were 0.8, 0.55, −0.038, 0.811, and 0.743; the correlation coefficients between
WORMS and WOAMC were 0.66, 0.71, 0.46, and 0.88; and the correlation coefficients between T2 values and WOAMC were
0.483, 0.33, 0.282, and 0.636, respectively. (ere was a significant positive correlation between the results of MRI semiquantitative
analysis and clinical symptoms as well as disease severity in patients with OA.

1. Introduction

Osteoarthritis (OA), also known as degenerative joint dis-
ease, is the most common form of arthritis [1]. (e disease is
characterized by slow onset and gradual aggravation, so its
clinical manifestations are often relatively insidious and
often easily overlooked [2]. Clinically, it is generally divided
into two types: primary and secondary, and OA usually
refers to primary, and the disease is most often diagnosed in
middle-aged and elderly women [3]. In recent years, with the
rapid development of medical technology, the pathology,
physiology, and diagnosis of OA have been greatly devel-
oped, but there is no unified and accurate conclusion on its
pathogenesis [4]. In recent years, the disease has gradually
shown a tendency to be younger, and its incidence is also
increasing with age, with an incidence of approximately 30%
in people over 65 years of age [5]. With the increasing
population of obesity and the elderly, its incidence is still
rising, and the World Health Organization predicts that OA

will become the fourth leading cause of disability in the next
few years [6].

In recent years, articular cartilage lesions have become
the focus of research on the pathogenesis and progression of
OA. Numerous clinical studies have shown that the path-
ogenesis of OA generally starts from the lesions of articular
cartilage, and wear degeneration, or even stripping defects of
cartilage can occur in the early stages of the disease [7, 8].
However, the absence of nerve distribution in cartilage does
not directly produce pain, which is also the main reason that
the insidious clinical symptoms of OA are not easily detected
[9]. (erefore, monitoring the lesions of articular cartilage is
very important for the diagnosis and treatment of OA. An
arthroscopic biopsy is considered the gold standard for the
diagnosis of cartilage damage in clinical practice, but as a
seminal examination, it has the following disadvantages: this
examination is invasive; it can only show the articular
cartilage surface but not the full thickness of cartilage, so
there are limitations in the visual field, so it cannot be
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routinely used in clinical practice [10, 11]. In contrast,
magnetic resonance imaging (MRI) shows a higher reso-
lution for soft tissues and has gradually received clinical
attention as a noninvasive and radiation-free inspection
method [12]. Especially in recent years, with the emergence
of high-intensity MRI and the continuous improvement of
relevant software and hardware, MRI can completely and
clearly show the articular cartilage [13, 14]. (e current MRI
diagnosis of knee OA cartilage lesions shows that the
pathological changes of an early OA are closely related to
cartilage damage caused by inflammation at the cartilage
molecular level [15–17]. However, there are still contro-
versies about the study results of MRImanifestations and the
clinical correlation of knee OA cartilage defects all over the
world. For example, some scholars have explored the di-
agnostic value of the total knee MRI scores for knee OA and
found that the whole-organ MRI score (WORMS) was
positively correlated with Western Ontario and Mc Master
University Osteoarthritis Index (WOMAC) score, indicating
that the pain, stiffness, and function of patients with the knee
OA can be explained by imaging, and multiple linear re-
gression analysis has been confirmed [18, 19]. However,
some scholars have accurately measured the T2 of cartilage
in each area of the knee joint using T2 maps generated by
MR sagittal T2 mapping imaging sequences and found that
cartilage T2 values were increased and weight-bearing areas
were significant in patients with OA, but there was no
significant correlation between clinical scores and cartilage
T2 changes in all subjects [20]. In summary, further studies
and confirmation are needed regarding the correlation be-
tween MRI findings and clinical symptoms.

(e patients with OA were selected as the study subjects,
and the clinical and MRI evaluations of the patients and the
correlation between them were analyzed to provide a ref-
erence and basis for the treatment and diagnosis of related
diseases in clinical practice.

2. Research Methods

2.1. Study Subjects. Eighty patients with OA in the hospital
from February 2019 toMarch 2020 were selected as the study
subjects and included in the OA group. Two chief physicians
selected the study subjects according to the diagnostic cri-
teria for the knee OA in the 2007Guidelines for the Diagnosis
and Treatment of Osteoarthritis. Another 80 healthy subjects
during the same period were also selected as the control
group. Inclusion criteria: patients who meet the diagnostic
criteria of knee OA; patients who have no history of trauma
surgery, tumor, or rheumatoid arthritis; patients without
claustrophobia and other diseases not suitable for MRI
examination. (e informed consent was obtained from
patients and this study was approved by the ethics com-
mittee of the hospital.

Inclusion criteria were as follows: no clinical manifes-
tations related to knee OA; no immediate family members
with rheumatic immune disease or another medical history;
no history of knee surgery, or trauma; and people with
normal medical examination results. Exclusion criteria were
as follows: patients with theWOMAC index higher than that

of grade II; patients with significant trauma; and patients
with a history of surgery.

2.2. MRI Examination Method. Examination equipment:
3.0 T superconducting magnetic resonance; coil: 8-channel
knee coil postprocessing workstation:MRWorkspace 2.6.3.5
workstation.

Preparation before examination: the contraindications
of MRI examination were investigated and the patients were
instructed to keep the knee joint still as much as possible
during the examination. All subjects rested for 30 minutes
before the MRI examination.

Scanning method: the ear plug was used and the patient
was in the supine position with the feet advanced and the
lower limbs straight. (e knee of the examined side was
placed in the 8-channel knee coil so that the coil center was
directly opposite to the knee, and sponge pads were added to
the knee of examined side and feet to make the patient’s
position comfortable. Sagittal PDW-SPAIR, sagittal T1WI-
aTSE, sagittal T2WI-TSE, coronal PDW-SPAIR, sagittal 3D-
WATSc, and sagittal T2 mapping were performed,
respectively.

Scanning parameters: [sagittal PAW-SPAIR]
TR� 3,484ms, TE� 30ms, FOV160×160mm, matrix
176×135, NEX� 2, layer thickness: 4mm, interslice dis-
tance: 0.4mm, number of layers: 18, scanning time: 2min
and 12 s; [sagittal T1WI-aTSE] TR� 633ms, TE� 20ms,
FOV 160×160mm, matrix 224×181, NEX� 2, layer
thickness: 4mm, interlayer distance: 0.4mm, number of
layers: 18, scanning time: 139 s; [sagittal T2WI-TSE]
TR� 3,890ms, TE� 100ms, FOV 160×160mm, matrix
212×161, NEX� 2, layer thickness: 4mm, interlayer dis-
tance: 0.4mm, number of layers: 18, scanning time: 2min
and 20 s; [coronal PAW-SPAIR] TR� 3,329ms, TE� 25ms,
FOV 160×160mm, matrix 356× 285, NEX� 2, layer
thickness: 3mm, interlayer distance: 0.3mm, number of
layers: 18, scanning time: 166 s; [sagittal 3D-WATSc]
TR� 20ms, TE� 5.1ms, FOV 160×160mm, matrix
320× 319, NEX� 2, layer thickness: 1.5mm, interlayer dis-
tance: 0mm, number of layers: 18, scanning time: 4min and
26 s; [Sagittal T2 mapping] TR� 2,000ms, TE� 13, 26, 39,
52, 65, 78ms, FOV 160×160mm, matrix 268× 266,
NEX� 1, layer thickness: 2.5mm, interlayer distance:
0.25mm, number of layers: 12∗6, scanning time: 672 s.

2.3. Clinical Evaluation. All subjects filled in the WOMAC
score form carefully under the guidance of orthopedic
surgeons, which was required to be completed within 5 to 10
minutes. (e WOMAC is currently the most widely used
assessment tool for knee or hip arthritis in clinical practice.
(e severity and therapeutic effect of the patient are eval-
uated based on the patient’s relevant symptoms and signs.
(e evaluation contents include three aspects: pain, stiffness,
and joint function, and include a total number of 24 items, 5
pain items, 2 stiffness items, and 17 joint function items.
Each item includes 5 scoring points (0: normal, 1: mild, 2:
moderate, 3: severe, 4: very severe).
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2.4. MRI Assessment. Before the MRI evaluation, it is nec-
essary to reconstruct the coronal, sagittal, and axial images of
the knee joint with the sagittal 3D-WATSc sequence image
using the MPR multiplanar reconstruction group. WORMS
was used to divide the knee cartilage into five subregions:
medial region of femoral (MF), lateral region of femoral
(LF), medial region of the tibia (MT), lateral region of the
tibia (LT), and patella (P) (Figure 1).

MRI evaluation of cartilage morphology: according to
0–6 scores of WORMS 8 scoring points, the cartilage
morphology in each sub-region of the knee joint was scored:
0: normal; 1: normal cartilage thickness but enhanced T2WI
signal; 2: partial cartilage defects; 2.5: full-thickness cartilage
defect; 3: multiple regional partial cartilage defects; 4: diffuse
partial cartilage defect; 5: multi-regional full-thickness
cartilage defect; 6: diffuse full-thickness cartilage defect. (e
specific scoring is shown in Figure 2.

According to the WORMS scores of each sub-regional
cartilage of the patients, the sub-regional cartilage was di-
vided into 0 and 1 scores as mild (OA1) group, and 2–3
scores as moderate (OA2) group. 4–6 scores as severe (OA3)
group, and healthy control group as H group.

MRI measurement of the T2 value of each sub-region:
sagittal T2 mapping sequence automatically generated the
final T2 grayscale map by post-processing workstation, and
manually delimited along the articular cartilage boundary on
the T2 grayscale map. (e T2 values of the five sub-regions
of the knee joint were measured in turn. (e T2 values of
each region were measured three times and the average value
was taken as the T2 value of each sub-region.

2.5. Statistical Analysis. (e analysis of all data was com-
pleted by the SPSS 19.0 statistical software. Measurement
data were expressed as (mean± standard deviation), and the
test method was an independent sample t-test. Enumeration
data were expressed as frequency (percentage), and the test
method was the chi-square test. P< 0.05 was considered
statistically significant.

3. Results

3.1. General Data. (e general data of patients in the two
groups are shown in Table 1. It showed that the mean age of

M M

M LT

P 

Figure 1: Knee cartilage partition method.

0 scores 1 scores 2 scores 2.5 scores

3 scores 4 scores 5 scores 6 scores

Figure 2: WORMS 8-point scoring for cartilage morphology.

Table 1: Comparison of general data between the two groups.

Mean age Gender (males/females) Knee distribution BMI Course (month)
OA group (n� 80) 52.3± 11.2 48/32 41/39 22.3± 9.3 11.3± 4.6
Control group (n� 80) 51.1± 9.9 50/30 38/42 23.1± 11.02 10.08± 5.11
P 0.43 0.88 0.93 0.547 0.635
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Figure 3: Continued.
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patients in the OA group was 52.3± 11.2 years old, 48/32
males/females, 41 right knees, and 39 left knees; the mean
age of the population in the control group was 51.1± 9.9
years old, 50/30 males/females, 38 right knees, and 42 left
knees.�ere was no signi�cant di�erence in age, gender, and
knee distribution between the two groups, P< 0.05.

3.2. Correlation Analysis between T2 Values and WORMS in
Each Sub-Region of Patients with OA. �e correlation
analysis results between T2 values andWORMS in each sub-
region of patients with OA are shown in Figure 3. Analysis of
Figure 3 showed that in the OA group, the correlation
coe�cients between cartilage T2 values and WORMS were
0.8, 0.55, −0.038, 0.811, and 0.743 in the P, MF, MT, LT, and
LF, respectively. �e analysis showed that the T2 values of P,
MF, MT, and LT were positively correlated with WORMS,
and the T2 value of LF was not correlated with WORMS.

3.3. Correlation Analysis between Cartilage WORMS and
WOAMC Scores in OAGroup. �e results of the correlation
analysis between cartilage WORMS and WOAMC scores in

the OA group are shown in Figure 4. �e correlation co-
e�cients between the cartilage WORMS score and the
clinical WOAMC total score and each subdomain (pain,
sti�ness, joint function) score in the OA group were 0.66,
0.71, 0.46, and 0.88, respectively, indicating that cartilage
WORMS was positively correlated with clinical WOAMC
total score, pain score, sti�ness score, and joint function
score in the OA group. �e correlation degree was divided
into high correlation, moderate correlation, low correlation,
and high correlation.

3.4. Correlation between Cartilage T2 Value and WOAMC
Scores in the OA Group. �e results of the correlation
analysis between the cartilage T2 value and the WOAMC
scores in the OA group are shown in Figure 5. �e corre-
lation coe�cients between the cartilage T2 value and the
clinical WOAMC total score and each subdomain (pain,
sti�ness, joint function) scores in the OA group were 0.483,
0.33, 0.282, and 0.636, respectively, which indicated that the
cartilage T2 value was positively correlated with the clinical
WOAMC total score, pain score, sti�ness score, and joint
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Figure 3: Scatterplot of correlation analysis between T2 values and WORMS in each sub-region of patients with OA. A : P; B :MF; C :MT;
D : LT; E : LF. Each dot represented a case.
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function score in the OA group, and the degree of corre-
lation was divided into moderate correlation, low correla-
tion, low correlation, and moderate correlation.

4. Discussion

�e knee joint is composed of the lower end of the tibia, the
upper segment of the tibia and �bula, and the patella, which
carries 3/4 of the weight of the human body and is the most
used sport’s joint of the human body, so the probability of its
lesions is also much higher than those of other joints [21].
Clinically, arthritis is generally divided into two types:
primary and secondary. Primary degenerative arthritis
mostly occurs in the elderly. �e analysis of its etiology may
be that the bones and joints of the elderly appear a certain
degree of aging [22]. Secondary degenerative arthritis may
occur at any age and is generally mainly caused by trauma,
joint structure instability, and endocrine disorders [23].
Regardless of the type of degenerative arthritis, it can limit
the patient’s movement and seriously a�ect the patient’s
quality of life. �e knee joint has hyaline cartilage between
the tibia and femur in addition to internal components such
as connective tissue and joint capsule. As a special con-
nective tissue, when the human body moves, it will bear
great gravity, absorb various mechanical oscillations and
impacts at the same time, and it also has a more important
linking e�ect, which will be transmitted to the underlying
bone tissue, so it is highly susceptible to damage [24]. When
OA occurs, the cartilage tissue becomes less transparent and
the texture becomes hard, thus, further damaging the sy-
novial tissue of the joint. �is damage to articular cartilage is
usually di�cult to recover [25].

At present, there is no e�ective drug for the treatment of
OA, and the main obstacle to the improvement of OA
treatment is that there is no accurate and e�ective method
for the examination of articular cartilage lesions. Photo-
graphs are a traditional method of examining OA, but their
clinical application is limited because they cannot directly

observe and evaluate cartilage changes [26]. In recent years,
nuclear magnetic resonance technology has been continu-
ously developed and advanced, and it has gradually become
an e�ective method for the examination of OA [27]. MRI is
mostly used to evaluate cartilage defects in the knee OA
using WORMS. �e results of relevant clinical studies have
shown that WORMS has a high reliability for the detection
of the occurrence of cartilage loss [28]. MR T2 mapping
imaging is used to quantitatively analyze the changes in the
tissue composition of articular cartilage by measuring T2
transverse relaxation time, to make a diagnosis for early
cartilage lesions.

At present, the study results on the correlation between
MRI �ndings of cartilage defects in the knee OA and clinical
symptoms are inconsistent, and there is still great contro-
versy. Some scholars have shown that the WOMAC score
has no correlation with cartilage thickness and the degree of
cartilage defect, and there is a signi�cant correlation between
cartilage thickness shown by MRI and the joint space width
of the ¡at �lm [29]. Some scholars have studied the cor-
relation between the degree of cartilage injury and knee joint
pain, sti�ness, and function WOMAC scores and found that
the WOMAC scores of pain and function between di�erent
cartilage injury grades were statistically signi�cant, while the
WOMAC score of sti�ness was not statistically signi�cant
[30]. �ere was no signi�cant di�erence in WOMAC scores
between the mild cartilage injury or normal group and the
severe cartilage injury group [31].

WOMAC was used for clinical analysis of patients with
OA, T2 mapping imaging sequence and WORMS were used
for MRI analysis of patients, and the correlation among the
three was analyzed. �e results showed that T2 values in P,
MF, MT, and LT were positively correlated with WORMS,
while T2 value in LF was not correlated with WORMS;
cartilage WORMS in the OA group was positively correlated
with clinical WOAMC total score, pain score, sti�ness score,
and joint function score; cartilage T2 values in the OA group
were positively correlated with the clinical WOAMC total
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Figure 4: Scatterplot of correlation analysis between cartilage WORMS and WOAMC scores in the OA group. (a) WOMAC total score;
(b) WOMAC pain score; (c) WOMAC sti�ness score; (d) WOMAC joint function score.
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score, pain score, sti�ness score, and joint function score.
�ere was a clear correlation between MRI �ndings and
clinical symptoms in patients with OA, which is consistent
with the results of some previous related studies.

5. Conclusion

Patients with OA were taken as the study subjects in this
research, and WOMAC was utilized for clinical analysis of
patients. T2 mapping imaging sequences andWORMS were
used for MRI analysis of patients, and the correlation be-
tween the three was analyzed. A signi�cant positive corre-
lation was shown between the results of the MRI semi-
quantitative analysis and the total WOAMC score. �is
indicated that MRI semi-quantitative analysis had a high
clinical application value in the evaluation of clinical features
of cartilage injury in patients with knee OA. But this work
still had de�ciencies. �e cartilage WORMS score was
somewhat subjective, and there was also a certain random
error in the manual delimitation method for T2 value
measurement. All of the above factors might lead to certain
deviations in the research results. In the future study, the
above-mentioned in¡uencing factors would be avoided, and
this issue would be further studied comprehensively and in-
depth.
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&is study was aimed to provide arousal treatment for disturbance of consciousness in patients with massive cerebral infarction,
using multimodal magnetic resonance imaging (MRI)-assisted transcranial magnetic stimulation (TMS) under three-dimensional
reconstruction algorithm combined with wake-up nursing. &e application effect was also evaluated. 80 patients with massive
cerebral infarction were selected as the research objects. &ese patients were divided into the control group (routine nursing and
TMS) and the experimental group (routine nursing, multisensory stimulation wake-up nursing, and TMS) according to the even-
and odd-numbered admission orders. &ere were 40 cases in each group, and the treatment effects of the two groups were
compared and analyzed.&e peak signal-to-noise ratio (PSNR) (800 dB) of the bilateral filtering algorithm was higher than that of
the wavelet threshold denoising (321 dB) and the nonlocal mean filtering algorithm (455 dB). &e segmentation accuracy of the
improved region growingmethod/fuzzy spatial clustering algorithm (96.21% and 97.22%) was higher than that of the unimproved
ones (82.11% and 79.99%).&e Glasgow Coma Scale (GCS), Coma Recovery Scale-Revised (CRS-R), and Dysfunction Scale (DFS)
scores of the experimental group were significantly higher than those of the control group 1 week and 2 weeks after treatment
(P< 0.05). &e awakening rate of patients in the experimental group (95%) was also significantly higher than that in the control
group (72.5%), and the time needed for waking up was (2.28± 2.92) hours, lower than that in the control group (4.34± 3.49) hours
(P< 0.05). &e three-dimensional reconstruction algorithm could effectively improve the display effect of MRI images and assist
in the examination of diseases. Multisensory stimulation wake-up nursing combined with TMS could promote patients to wake up
more quickly and help the recovery of brain function of patients in the treatment of massive cerebral infarction and disturbance
of consciousness.

1. Introduction

Disturbance of consciousness is one of the common main
symptoms of patients withmassive cerebral infarction, and it
is closely related to the cerebral edema and neurotransmitter
reduction and easily induces a series of complications [1–3].
Studies have revealed that the longer the disturbance of
consciousness, the poorer the patients’ recovery, and the
higher the disability and mortality [4]. &erefore, promoting
the recovery of patients’ consciousness has received the

attention of global clinical research studies. Clinical studies
have found that stimulation of peripheral signals plays an
important role in the reorganization and compensation of
damaged brain functions [5]. Multisensory stimulation
wake-up nursing is to stimulate the senses such as hearing,
vision, motion, touch, and smell, so as to promote the ex-
citability of nerve cells and accelerate the recovery of con-
sciousness [6–8]. Research studies have proved that wake-up
nursing is worthy of recognition in promoting the self-repair
of neurological function and the recovery of consciousness
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state in patients with disturbance of consciousness [9, 10].
Multisensory stimulation wake-up nursing indirectly sug-
gests the feasibility of transcranial magnetic stimulation
(TMS) in the application of consciousness awakening in
severe disturbances of consciousness [11]. TMS is a painless
and noninvasive cranial therapy technique because it
stimulates the neural excitatory or inhibitory functions of
the cerebral cortex through magnetic signals [12]. TMS has
been widely used for nonpharmacological treatment of
neurological disorders [13] and psychiatric disorders [14].
However, there are few studies about TMS combined with
wake-up nursing in the treatment of massive cerebral in-
farction, and further research is needed.

Due to the lack of specific manifestations in the early
stage, the diagnosis of massive cerebral infarction is difficult,
and the clinical efficacy is not significant. &erefore, the
examination method has attracted attention [15]. Magnetic
resonance imaging (MRI) examination has a good effect on
massive cerebral infarction, but different MRI sequences
have different effects on brain image display. For example,
the cerebral cortex is shown by T1-weighted imaging (T1WI)
and T2-weighted imaging (T2WI) mainly with high signals,
while the equal signal is mainly displayed by diffusion-
weighted imaging (DWI) and susceptibility-weighted im-
aging (SWI); the characteristics of each sequence are dif-
ferent [16]. &erefore, a multisequence MRI examination,
multimodal MRI technology, has been proposed; this
technology has been widely used in the diagnosis of various
clinical diseases. However, the complexity of brain structure
and individual differences lead to complex and difficult
segmentation of MRI brain images of interest. Currently, the
segmentation and three-dimensional reconstruction of MRI
brain images are the hot topics in medicine and image
processing. &ree-dimensional reconstruction technology
has been widely applied in diseases of the brain, pelvis, etc.
Studies have also shown that three-dimensional recon-
struction technology can assist the treatment of patients and
improve the treatment effect and functional recovery of
patients [17, 18]. &e removal of noises and skull and tissue
segmentation can affect the three-dimensional reconstruc-
tion of the image.&e bilateral filtering algorithm has a good
application effect in the denoising of medical images. Lee
et al. [19] utilized the bilateral filtering algorithm for
denoising in the skin surface three-dimensional recon-
struction algorithm. &e results showed that this method
could reconstruct skin surfaces accurately. Marching cubes
is also of great significance in three-dimensional image
reconstruction, but the traditional marching cubes tech-
nology has poor smoothness of three-dimensional images.
To improve the reconstruction effect, the improved regu-
larized marching cube (RMC) method was adopted for
three-dimensional reconstruction of images.

To sum up, it was to promote the development of
neurocritical nursing and provide more effective treatment
methods. &e disturbance of consciousness in patients with
massive cerebral infarction was treated with multimodal
MRI-assisted TMS combined with wake-up nursing under
the three-dimensional reconstruction algorithm. Its treat-
ment effect was then evaluated, to provide a more effective

research basis for the formulation of treatment plans for
patients with clinical disturbance of consciousness.

2. Research Methods

2.1. Research Objects. Eighty patients with massive cerebral
infarction, who were admitted to the hospital from October
2020 to March 2022, were selected as research objects. &ere
were 48 male patients and 32 female patients, aged 25–60
years, with an average age of 51.36± 9.06 years. &eir body
mass index (BMI) was 22–26 kg/m2, with an average BMI of
(23.73± 0.99) kg/m2. &e course of disease was 1–7 hours,
and the average course of disease was 4.23± 2.11 hours. 52
cases were infarcted in anterior circulation and 28 cases in
posterior circulation. According to the even and odd
numbers of the admission orders, the patients were divided
into control group and experimental group. &e patients in
the control group were given routine nursing and TMS,
while those in experimental group was treated with a
combined treatment of routine nursing, multisensory
stimulation wake-up nursing, as well as TMS. 40 cases were
in each group, and the patients in both groups were diag-
nosed with multimodal MRI under RMC three-dimensional
reconstruction algorithm. After that, the treatment effects of
the two groups were compared and analyzed. &is study was
approved by the ethics committee of the hospital.

Inclusion criteria were as follows: their age ≥18 years old,
and the gender was not limited; Glasgow Coma Scale (GCS)
score ≤14 points; the patients were diagnosed with massive
cerebral infarction through computerized tomography or
MRI of the head; the informed consent of patients’ families
was obtained.

Exclusion criteria were as follows: there were implanted
metal objects in the body; the patients were complicated with
refractory epilepsy or uncontrolled epilepsy; those patients
had unstable vital signs, such as deep coma, mydriasis, and
shock; those patients withdrew from the research due to
various reasons.

2.2. �ree-Dimensional Reconstruction Algorithm. &e first
was image denoising. To improve the quality of MRI brain
images, bilateral filtering [20] was adopted for denoising.
Bilateral filtering was on the basis of Gaussian filtering and
optimized the spatial proximity weight of center point. &e
specific expression was as follows:

g(i, j) �
􏽒

(k,l)∈S(i,j)
f(k, l)w(i, j, k, l)

􏽒
(k,l)∈S(i,j)

w(i, j, k, l)
, (1)

where g(i, j) represented the output point, S(i, j) repre-
sented the range centered on (i, j), f(k, l) was the input
point, and w(i, j, k, l) was the value obtained by two
Gaussian function calculations.

w � wG · wR, (2)

wG � ε · − (i − k)
2

+(j − l)
2􏼌􏼌􏼌􏼌
􏼌􏼌􏼌􏼌 ·

1
2ω2

G

, (3)
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wR � ε · − |f(i, j) − f(k, l)|
2

·
1

2ω2
R

. (4)

In equations (2), (3), and (4), wG was the spatial
proximity Gaussian function, while wR was the pixel sim-
ilarity Gaussian function. ε represented the constant and ω
was the Gaussian coefficient. To make the calculation easier,
w(i, j, k, l) was set to be q, and then the following equation
was obtained:

g(i, j) �
f1 · q1 + f2 · q2 + · · · + fe · qe( 􏼁

q1 + q2 + · · · + qe( 􏼁
(5)

(q1 + q2 + · · · + qe) � Q, from which the following
equation was worked out:

g(i, j) � f1q1 ·
1
Q

+ f2q2 ·
1
Q

+ · · · + feqe ·
1
Q

. (6)

&e obvious expressions of the convolution operation
between the image matrix and the kernel were observed
from the above. qe · (1/Q) stood for the weight of the e-th.
&e weighted sum was made by the convolution operator,
and the output value was finally obtained.

&e second was to remove skull in the image.
When the MRI skull was segmented, the more com-

monly used algorithmwas the region growing algorithm, but
this method was limited by the unclear border between the
skull and brain tissues [21]. &erefore, a method combining
automatic thresholding and boundary tracking was put
forward. &e specific steps were as follows:

&e first step: the automatic threshold was adopted to
obtain the MRI binary image, and then the pixel point
S(i, j) was obtained. &e pixel point that satisfied
equations (7), (8), and (9) was set as the starting point
D.

S(i, j) � 0, (7)

S(i − 1, j) + S(i, j − 1)

+ S(i + 1, j) + S(i, j + 1)< 4,
(8)

S(i − 1, j) + S(i, j − 1)

+ S(i + 1, j) + S(i, j + 1)> 0.
(9)

&e second step: 8 neighborhood points of the coor-
dinates of point D were found in a clockwise direction
to satisfy equations (7), (8), and (9), and the satisfied
point was set as the new point D. &e second step was
repeated. Otherwise, it was observed whether there was
a D point in each neighborhood point; if it existed, it
meant that the boundary search was successful; if not,
the third step was carried out.
&e third step: the stack was observed. If it was not
empty, the top element of the stack was set asD and the
first step was repeated. Otherwise, the boundary search
failed, which indicated that there was no boundary
point.

&e fourth step: the algorithm terminated when two
boundary points were found.

&e third was tissue segmentation.
An improved fuzzy spatial clustering algorithm [22] was

used to extract brain tissue in the image. It was supposed that
the set of pixel grayscales in the image was expressed as

P � p1, p2, . . . , pm( 􏼁. (10)

&en, the expression of the fuzzy spatial clustering
objective function could be expressed as

Az(U, V) � 􏽚
c

i�1
􏽚

m

j�1
δz

ij xi − vi( 􏼁
2
. (11)

where z represented the weighted index, and 1< z<∞. vi

represented the pixel grayscale value of the i-th clustering
center, and c represented the number of clustering centers.
stood for the similarity measurement method between the
data point and the clustering center, and (U, V) was the pixel
point. &e peak F was obtained by the automatic peak
detection method and designated as clustering center. In the
same way, the number of peaks was c. &us,

2≤ c≤m, (12)

δij �
1

􏽒
c

k�1 xj − vi􏼐 􏼑/ xj − vk􏼐 􏼑􏽮 􏽯
2/(z− 1)

. (13)

&e membership function could be obtained with
equation (13). &en, the spatial cost function Kij was im-
ported to suppress noise, and the expression of Kij was as
follows:

Kij � 􏽚
k�NB xj( 􏼁

δik. (14)

NB(xj) represented the window centered on xj. When
the pixel grayscale values were the same, the value of Kij was
greater, so there was a new membership function of

δij �
δo

ijK
b
ij

􏽒
c

k�1 δ
o
ijK

b
ij

. (15)

o and b mainly controlled the importance of two
functions. &e membership function needed to satisfy
equation (16), and the clustering center was updated through
equation (17).

􏽚
c

k�1
δij � 1,

1≤ j≤m,

δij ∈ [0, 1],

⎧⎪⎨

⎪⎩
(16)

vij � 􏽚
m

k�1

δij􏼐 􏼑
z

· xk

δkj􏼐 􏼑
z . (17)

After that, the membership function matrix obtained by
equation (13) was substituted into equation (11) to obtain a
new objective function. When it satisfied |Az − Az− 1|≤ 3, the
iteration was terminated; otherwise, it was started over from
the third step.
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&e denoised images, skull-removed images, and brain
tissue segmentation images obtained by the above algo-
rithms were reconstructed three-dimensionally using the
RMC algorithm. &e three-dimensional reconstruction
method of RMC algorithm could be divided into three parts
of surface judgment, merging of seed iso-surface, and iso-
surface triangulation. &e algorithm application steps were
as follows. On the marching cube (MC) algorithm, the di-
rection of the iso-surface was judged to get a surface lookup
table, which would pave the way for the next step of iso-
surface merging. &e seed iso-surfaces were set, the normal
was calculated, and the iso-surfaces were merged according
to the conditions. &e approximation plane was set, and all
the vertices of the iso-surface boundary were projected to
form a triangular mesh. So far, the three-dimensional re-
construction was completed.

For the evaluation indexes, the peak signal-to-noise ratio
(PSNR) was used to evaluate the denoising effect, the seg-
mentation accuracy was to evaluate the segmentation effect,
and the three-dimensional reconstruction effect was eval-
uated by the subjective observation. &e specific calculation
is shown as follows:

PSNR � 10log10
2252

􏽐
Q
i�1 􏽐

E
j�1 Yij − Xij􏼐 􏼑

2
/QE

⎡⎢⎢⎢⎢⎢⎣
⎤⎥⎥⎥⎥⎥⎦. (18)

In the equation above, Yij and Xij stood for the grayscale
values of the reconstructed image and the original image,
respectively. Q and E represented the row and column of the
image, respectively. &e higher the PSNR, the better the
denoising effect.

Acc �
1
P

· 􏽘
j∈C

Ri

Ti

􏼠 􏼡. (19)

P was the number of samples in the test set, C was the set
of pixels in the test set, R was the number of correct pixels in
the predicted image, and T was the number of pixels of
positive samples in the labeled image.

2.3. Examination Method. &e examination was performed
with 3.0 T MRI scanner and the head coils. &e scanning
range was from the cranial top to the lower border of the
foramen magnum. &e patients were instructed to take the
supine position, and routine MRI plain scanning (T1WI and
T2WI), DWI, and SWI were performed. &e specific
scanning parameters are shown in Table 1. All the exami-
nation images were uploaded to the postimage management
system and were processed through three-dimensional re-
construction technology.

2.4. TreatmentMethods. &e control group received routine
nursing and TMS. &e routine nursing care included drug
treatment as ordered by the doctor immediately after ad-
mission, nasogastric feeding to maintain water and elec-
trolyte balance, indwelling catheterization, urethral orifice
care, maintaining airway patency, and oral care. &e nurse
should also help the patients turn over, pat the back, suck

phlegm, prevent from pressuring wounds, and place limbs in
the good position. Traditional rehabilitation treatments such
as acupuncture and physiotherapy were also included.
Magnetic stimulation therapy adopted repetitive TMS. &e
research objects lay flat naturally and were connected to the
magnetic stimulation device. For the parameter setting, the
stimulation intensity was set to 80% of the motion threshold
at rest, and the frequency was 20Hz; after the stimulation for
1 s, the interval lasted for 6 s. 1200-pulse treatment was given
for 7 minutes, once a day and 6 times a week. &e stimu-
lation sites were selected from the dorsolateral prefrontal
cortex.

In addition to the routine nursing and TMS therapy in
the control group, the patients in the experimental group
were given multisensory stimulation wake-up nursing as
well. &e auditory stimulation consisted of the verbal wake-
upmethod andmusic wake-upmethod. For the verbal wake-
up method, a visit of the patient’s relatives and friends
(spouse, parents, children, etc.) was scheduled once a day.
&ese relatives and friends were instructed to call the pa-
tients’ name in the ear and talk to the patients with their
favorite, most concerned, or other important things before
the onset of the disease, which lasted for 30 minutes. For the
music wake-up method, the music that the patients usually
liked or were familiar with were repeatedly played at a
moderate volume, as the music were understood and
carefully selected by the patients’ families. &is method was
carried out for 30 minutes each time, 4 times a day. &e
visual stimulation adopted the colorful lighting method.
With adjustable colorful flashlight, the pupils of the patients
were stimulated. It lasted for 30 s for each pupil alternately, 5
times a day. &e tactile stimulation included massage
stimulation and thermal stimulation. For the limb massage
method, the cheeks, ears, arms, and legs of patients were
gently touched, and the joints of the upper and lower limbs
were massaged. &e massage should be gentle, and the
duration of each time was about 15–20 minutes, once in the
morning and once in the evening. For the thermal stimu-
lation method, two rubber gloves were taken, as one was
filled with cold water and the other was filled with hot water.
&ey were placed on the palm or sole of the patients. Each of
the hot and cold stimulation lasted for 2 minutes, and the
cold and hot stimulations were alternated for 5 times for
each operation, once performed in the morning and once in
the evening. &e olfactory stimulation was the aromather-
apy. 0.64 g vanilla essential oil was mixed with 100mL
distilled water, and 10 drops were dropped on a gauze. &e
gauze was placed about 10 cm away from the head of pa-
tients, and the stimulation lasted for 10 s each time, once a
day. Taste stimulation was the stimulation of taste buds on
the tongue. In the condition that the patients’ oral secretions
would not cause aspiration to the patients, a cotton swab
dipped in saline or lime juice was used to stimulate the front
part of the tongue, 5 stimulations each time, 2 times a day.
Kinesthetic stimulation was about the limbmovement sense.
&e charge nurse or rehabilitation physician conducted
passive movements regularly such as extension, flexion, and
external rotation of each joint of the limbs for the patients.
&e movements were gentle, and the vital signs of patients
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were also monitored during the movements. &e amount of
exercise could be gradually increased if the condition per-
mitted, 15–30 minutes each time, twice a day in the morning
and evening, respectively.

2.5. Observation Indexes. &e GCS [23], Coma Recovery
Scale-Revised (CRS-R) [24], and Dysfunction Scale (DFS)
[25] were used as the evaluation indexes, which were col-
lected at the same time period (at admission, 1 week after
treatment, and 2 weeks after treatment) of patients in each
group.&e awakening rate and time needed for waking up of
the two groups of objects were also observed.

2.6. StatisticalMethods. SPSS 20.0 was used for analysis. &e
enumeration data were expressed as case (%), and the chi-
square test or rank sum test was adopted for the comparison
between groups. &e measurement data were expressed as
(x( ) ± s), and the t-test was for the comparison between
groups and within the group before and after treatment.
P< 0.05 was considered to be statistically significant.

3. Results

3.1. Comparison of Image Processing Effects. As shown in
Figure 1, the PSNR of bilateral filtering algorithm, the
wavelet threshold denoising [26], and the nonlocal mean
filtering algorithm [27] were compared. &e results showed
that the PSNR (800 dB) of the bilateral filtering algorithm

was higher than that of the wavelet threshold denoising
(321 dB) and the nonlocal mean filtering algorithm (455 dB).

&e segmentation accuracy was utilized to evaluate the
skull segmentation results of the region growing algorithm
before and after the improvement. It was concluded that the
accuracy of the improved region growing method (96.21%)
was higher than that of the unimproved region growing
algorithm (82.11%), which could be observed from Figure 2.
Besides, the segmentation effect on the brain tissue of the
fuzzy spatial clustering algorithm was also evaluated before
and after its improvement. &e results in Figure 3 suggested
that the segmentation accuracy of the improved fuzzy spatial
clustering algorithm (97.22%) was higher than that of the
unimproved algorithm (79.99%).

&e three-dimensional reconstruction of the brain MRI
image was performed on the grounds of the above three
kinds of data, and Figure 4 displays the three-dimensional
reconstruction images in different directions. &e tissue
structure of the brain could be clearly observed from the
three-dimensional MRI images from the following two di-
rections, suggesting that the three-dimensional recon-
structed images had a certain usability.

3.2. Comparison of General Data. Figure 5 presents the
distribution of gender, age, BMI, course of disease, and
infarction location of patients of the two groups. It could be
found that the gender distribution, average age, average
BMI, average course of disease, and infarction location of
patients in the experimental group were not significantly

Table 1: Scanning parameters of each sequence.

T1WI T2WI DWI SWI
Time of repetition (ms) 250 4000 5700 25
Time of echo (ms) 2.3 89 90 18
Layer thickness (mm) 4.5 4.5 4.5 2.0
Field of view (mm2) 220× 220 220× 220 220× 220 220× 220
b value 10,1000
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Figure 1: Comparison of PSNR and images. R, A, B, and C indicated the original image, bilateral filtering algorithm, wavelet threshold
denoising, and nonlocal mean filtering algorithm, respectively.
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different from those in the control group (P> 0.05). &is
suggested that there was certain feasibility of the research.

3.3. Comparison of Scores before and after Treatment.
Figure 6 shows the GCS, CRS-R, and DFS scores of the two
groups of patients at admission, 1 week after treatment, and

2 weeks after treatment. &e GCS score of the experimental
group was (5.97± 3.23), (9.32± 4.11), and (12.07± 3.18) at
admission, 1 week after treatment, and 2 weeks after
treatment, respectively. &e GCS score of the control group
was (5.69± 3.31), (7.22± 3.47), and (9.87± 3.98), respec-
tively. At admission, 1 week after treatment, and 2 weeks
after treatment, CRS-R score of the experimental group was
(5.12± 2.03), (7.45± 2.76), and (9.76± 1.12), respectively,
while that of the control group was (5.01± 2.12),
(5.79± 2.62), and (7.91± 1.18), respectively. As for DFS
score, that was (4.98± 3.41), (6.11± 4.21), and (7.06± 4.39) at
admission, 1 week after treatment, and 2 weeks after
treatment, respectively, in the experimental group. &en it
was (5.00± 3.22), (5.47± 3.02), and (5.99± 4.41), respec-
tively, in the control group. &e GCS, CRS-R, and DFS
scores of both groups after 1 week and 2 weeks of treatment
were higher than those at admission. However, the scores of
the experimental group after 1 week and 2 weeks of treat-
ment were significantly higher than those of the control
group (P< 0.05).

50

60

70

80

90

100

A B

A
cc

ur
ac

y 
(%

)

R

A B

Figure 2: Comparison of skull segmentation effects. R: original image; A: improved region growing algorithm; B: region growing algorithm.
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Figure 3: Comparison of brain tissue segmentation effects. R: original image; A: improved fuzzy spatial clustering algorithm; B: fuzzy spatial
clustering algorithm.
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Figure 4: Display of the three-dimensional reconstruction effect.

6 Concepts in Magnetic Resonance Part A, Bridging Education and Research



0

10

20

30

40

50

60

70

Male Female

Gender

Pr
op

or
tio

n 
(%

)

0
10
20
30
40
50
60
70
80

Anterior
circulation

Posterior
circulation

Infarct location

Pr
op

or
tio

n 
(%

)

49
49.5

50
50.5

51
51.5

52
52.5

53

Control
group

Experimental
group

Age (Years old)

0

1

2

3

4

5

6

Control group Experimental
group

Course of disease (h)

19
20
21
22
23
24
25
26

Control
group

Experimental
group

BMI (kg/m2)

Control group

Experimental group

Control group

Experimental group

Figure 5: Comparison of general data of patients in two groups.

0

5

10

15

on admission 1Week 2Week

GCS

Experimental group

Control group

*
*

0

5

10

15

Experimental group

Control group

on admission 1Week 2Week

CRS-R

*
*

Experimental group

Control group

0

2

4

6

8

10

on admission 1Week 2Week 

DFS

*
*

Figure 6: Comparison of GCS, CRS-R, and DFS scores. ∗Compared with control group, P< 0.05.

Concepts in Magnetic Resonance Part A, Bridging Education and Research 7



3.4. Comparison of Awakening Situations. Among the 40
cases in the control group, 29 patients (72.5%) waked up
after treatment, and the average time needed for waking up
was (4.34± 3.49) hours. Among the 40 cases in the exper-
imental group, 38 cases (95%) waked up with an average
time needed of (2.28± 2.92) hours. &e awakening rate of
patients in the experimental group was significantly higher
than that in the control group, and the time needed for
waking up was shorter than that of the control group
(P< 0.05). &e details are presented in Figure 7.

4. Discussion

&e multisensory stimulation wake-up nursing was com-
bined with TMS to treat patients with massive cerebral
infarction concomitant with disturbance of consciousness,
providing a new and effective treatment method for the
treatment and prognosis. &e results showed that the GCS,
CRS-R, and DFS scores of the two groups 1 week and 2
weeks after treatment were higher than those at admission.
But the GCS, CRS-R, and DFS scores of the experimental
group 1 week and 2 weeks after treatment were significantly
higher than those of the control group (P< 0.05). Such
results suggested that multisensory stimulation wake-up
nursing combined with TMS was more beneficial to the
recovery of brain function in patients with massive cerebral
infarction and disturbance of consciousness. It has also been
suggested that repeated TMS can stimulate neuronal activity
in the cerebral cortex, thereby promoting the recovery of
brain function and awakening the consciousness of patients
[28, 29]. &e multisensory stimulation wake-up nursing also
helps the recovery of the human central nervous system and
enhances the activity of neurons in the upper cerebral cortex,
thereby enhancing the connection between the cortex and
the subcortical tissue and promoting the awakening of
patients [30, 31]. Hong et al. [32] proposed that repeated
TMS therapy could improve the neurological function of
patients with massive cerebral infarction concomitant with
impaired consciousness. &e results here also showed that
the awakening rate of the patients in the experimental group
was significantly higher than that in the control group, while
the time needed to wake up was shorter than that in the

control group (P< 0.05). It meant that multisensory stim-
ulation wake-up nursing combined with TMS was more
helpful than single TMS treatment for the awakening of
consciousness of patients. &is supported the above results,
which were also consistent with those of Zhong et al. [33].

To make the findings more accurate, the three-dimen-
sional reconstruction-based multimodal MRI images for
guided treatment of patients. Ichikawa et al. [34] proposed in
their study that the three-dimensional reconstruction al-
gorithm under bilateral filtering algorithm provided the
better edge-preserving noise reduction for low-dose com-
puted tomography images. &erefore, in this work, the
three-dimensional reconstruction algorithm improved by
bilateral filtering algorithmwas applied in reconstructing the
MRI images of the brain, to assist the treatment of patients. It
was shown from the results that the PSNR of the bilateral
filtering algorithm (800 dB) was greatly higher than that of
the wavelet threshold denoising (321 dB) and the nonlocal
mean filtering algorithm (455 dB). &is was consistent with
the findings of Li [35]. &e segmentation accuracy of the
improved region growing method/the improved fuzzy spatial
clustering algorithm (96.21% and 97.22%) was higher than
that of the unimproved ones (82.11% and 79.99%). It was
suggested that the combination of automatic threshold and
boundary tracking could optimize the region growing algo-
rithm, and the automatic peak detection method could im-
prove the segmentation effect of the fuzzy spatial clustering
algorithm. Khodaverdi et al. [35] came up with an automatic
threshold and boundary tracking algorithm that could dis-
tinguish the target from the background, which was more
conducive to image segmentation. Chen and Maharatna [36]
proposed that the peak automatic detection method could
improve the retrieval efficiency of the clustering centers in the
fuzzy spatial clustering algorithm. &erefore, after the opti-
mization of the above algorithms, the reconstruction effect of
three-dimensional MRI images became better.

5. Conclusion

In summary, the three-dimensional reconstruction algo-
rithm could effectively improve the display effect of MRI
images and played an auxiliary role in the examination of
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Figure 7: Comparison of the awakening status of the two groups of patients. ∗Compared with control group, P< 0.05.
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diseases. Multisensory stimulation wake-up nursing com-
bined with TMS could promote faster awakening in patients
with massive cerebral infarction and contributed to the
recovery of brain function. However, the sample size se-
lected was relatively small, the scope was relatively limited,
and the representativeness was not strong enough. &e
research scope needed to be further expanded. Multisensory
stimulation wake-up nursing had a good auxiliary effect on
the treatment of TMS and had a great application prospect
worth exploring in clinical practice.

Data Availability

&e data used to support the findings of this study are
available from the corresponding author upon request.

Conflicts of Interest

&e authors declare no conflicts of interest.

Authors’ Contributions

Bocan Chen and Li Li contributed equally to this work.

Acknowledgments

&is work was supported by Scientific Research Project of
Health Industry in Hainan Province (no. 20A200341).

References

[1] X. Du, Q. Liu, Q. Li et al., “Prognostic value of cerebral in-
farction coefficient in patients with massive cerebral infarc-
tion,” Clinical Neurology and Neurosurgery, vol. 196, Article
ID 106009, 2020.

[2] X. Wang, Y. Sun, S. Dong, X. Liu, and J. Ji, “Butyphthalide in
the treatment of massive cerebral infarction,” Pakistan
Journal of Medical Sciences, vol. 35, no. 1, pp. 220–225, 2019.

[3] T. Kako, F. Azuma, K. Nokura, and H. Izawa, “Clinical study
on the cerebral infarction accompanied with septic dissem-
inated intravascular coagulation,” Fujita Medical Journal,
vol. 7, no. 3, pp. 99–104, 2021.

[4] Y. Shimoda, S. Ohtomo, H. Arai, T. Ohtoh, and T. Tominaga,
“Subarachnoid small vein occlusion due to inflammatory fi-
brosis-a possible mechanism for cerebellar infarction in
cryptococcal meningoencephalitis: a case report,” BMC
Neurology, vol. 17, no. 1, p. 157, 2017.

[5] Y. Huang, F. Li, Z. Chen et al., “Predictive value of degra-
nulating factors of neutrophils in massive cerebral infarction,”
Cell Transplantation, vol. 30, Article ID 9636897211004089,
2021.

[6] H. K. Lee, I. D. Kim, H. Lee, L. Luo, S. W. Kim, and J. K. Lee,
“Neuroprotective and anti-inflammatory effects of a
dodecamer peptide harboring ninjurin 1 cell adhesion motif
in the postischemic brain,” Molecular Neurobiology, vol. 55,
no. 7, pp. 6094–6111, 2018.

[7] X. Zhang, X. Zhao, C. Zhang, and Z. Lyu, “Improvement of
neurological function and stress in patients with acute massive
cerebral infarction by mild hypothermia: a prospective ran-
domized controlled study,” Zhonghua Wei Zhong Bing Ji Jiu
Yi Xue, vol. 31, no. 8, pp. 958–961, 2019, in Chinese.

[8] A. J. Martorell, A. L. Paulson, H. J. Suk et al., “Multi-sensory
gamma stimulation ameliorates alzheimer’s-associated

pathology and improves cognition,” Cell, vol. 177, no. 2,
pp. 256–271, 2019.

[9] J. Kim and J. Y. Kim, “Fixation differences in spatial visual
perception during multi-sensory stimulation,” Frontiers in
Psychology, vol. 11, p. 132, 2020.

[10] J. Zuo, Y. Tao, M. Liu, L. Feng, Y. Yang, and L. Liao, “&e
effect of family-centered sensory and affective stimulation on
comatose patients with traumatic brain injury: a systematic
review and meta-analysis,” International Journal of Nursing
Studies, vol. 115, Article ID 103846, 2021.

[11] D. J. Stultz, S. Osburn, T. Burns, S. Pawlowska-Wajswol, and
R. Walton, “Transcranial magnetic stimulation (TMS) safety
with respect to seizures: a literature review,” Neuropsychiatric
Disease and Treatment, vol. 16, pp. 2989–3000, 2020.

[12] R. E. Sondergaard, D. Martino, Z. H. T. Kiss, and
E. G. Condliffe, “TMS motor mapping methodology and
reliability: a structured review,” Frontiers in Neuroscience,
vol. 15, Article ID 709368, 2021.

[13] A. I. Sonmez, D. D. Camsari, A. L. Nandakumar et al.,
“Accelerated TMS for depression: a systematic review and
meta-analysis,” Psychiatry Research, vol. 273, pp. 770–781,
2019.

[14] I. G. Iriarte and M. S. George, “Transcranial magnetic
stimulation (TMS) in the elderly,” Current Psychiatry Reports,
vol. 20, no. 1, p. 6, 2018.

[15] T. Sakai, M. Kondo, Y. Kawana, T. Nakagawa, and
H. Tomimoto, “Clinical features of very elderly patients aged
90 years or above with acute ischemic stroke: a study by using
diffusion weighted brain magnetic resonance imaging,” Brain
and Nerve, vol. 69, no. 11, pp. 1337–1345, 2017.

[16] S. Escalard, V. Chalumeau, C. Escalard et al., “Early brain
imaging shows increased severity of acute ischemic strokes
with large vessel occlusion in COVID-19 patients,” Stroke,
vol. 51, no. 11, pp. 3366–3370, 2020.

[17] B. Zhang, L. Qiu, W. Xiao et al., “Reconstruction of the
hypothalamo-neurohypophysial system and functional dis-
section of magnocellular oxytocin neurons in the brain,”
Neuron, vol. 109, no. 2, pp. 331–346, 2021.

[18] J. Wu, K. Xie, D. Luo et al., “&ree-dimensional printing-
based personalized limb salvage and reconstruction treatment
of pelvic tumors,” Journal of Surgical Oncology, vol. 124, no. 3,
pp. 420–430, 2021.

[19] K. Lee, M. Kim, and K. Kim, “3D skin surface reconstruction
from a single image by merging global curvature and local
texture using the guided filtering for 3D haptic palpation,”
Skin Research and Technology, vol. 24, no. 4, pp. 672–685,
2018.

[20] J. Dang, T. You, W. Sun et al., “Fully automatic sliding motion
compensated and simultaneous 4D-CBCT via bilateral fil-
tering,” Frontiers in Oncology, vol. 10, Article ID 568627, 2020.

[21] Z. N. Isfahani, I. Jannat-Dastjerdi, F. Eskandari,
S. J. Ghoushchi, and Y. Pourasad, “Presentation of novel
hybrid algorithm for detection and classification of breast
cancer using growth region method and probabilistic neural
network,” Computational Intelligence and Neuroscience,
vol. 2021, Article ID 5863496, 19 pages, 2021.

[22] M. Hu, Y. Zhong, S. Xie, H. Lv, and Z. Lv, “Fuzzy system based
medical image processing for brain disease prediction,”
Frontiers in Neuroscience, vol. 15, Article ID 714318, 2021.

[23] F. B. Mesfin, N. Gupta, A. Hays Shapshak, and R. S. Taylor,
Diffuse Axonal InjuryStatPearls, Treasure Island, FL, USA,
2021.

Concepts in Magnetic Resonance Part A, Bridging Education and Research 9



[24] J. Annen,M.M. Filippini, E. Bonin et al., “Diagnostic accuracy
of the CRS-R index in patients with disorders of con-
sciousness,” Brain Injury, vol. 33, no. 11, pp. 1409–1412, 2019.

[25] A. Shakarami, M. Iravani, M. Mirghafourvand, and
M. A. Jafarabadi, “Psychometric properties of the persian
version of delivery fear scale (DFS) in Iran,” BMC Pregnancy
and Childbirth, vol. 21, no. 1, p. 147, 2021.

[26] X. Tan, J. Ye, X. Zhang, C. Li, J. Zhou, and K. Dou, “Ap-
plication of improved wavelet threshold in denoising of ECG
signals,” Zhongguo Yi Liao Qi Xie Za Zhi, vol. 45, no. 1,
pp. 1–5, 2021, in Chinese.

[27] D. Ding, S. Ram, and J. J. Rodriguez, “Image inpainting using
nonlocal texture matching and nonlinear filtering,” IEEE
Transactions on Image Processing, vol. 28, no. 4, pp. 1705–
1719, 2019.

[28] D. Cappon, T. den Boer, C. Jordan, W. Yu, E. Metzger, and
A. Pascual-Leone, “Transcranial magnetic stimulation (TMS)
for geriatric depression,” Ageing Research Reviews, vol. 74,
Article ID 101531, 2022.

[29] M. M. Zugliani, M. Fidry, R. E. Steffen et al., “Clinical ef-
fectiveness of non-TMS neurostimulation in depression:
clinical trials from 2010 to 2020,” Progress in Neuro-Psycho-
pharmacology and Biological Psychiatry, vol. 110, Article ID
110287, 2021.

[30] X. Y. Yang, B. B. Zhang, L. Zhao, and X. Chen, “Effect of
multi-sensory stimulation on children with global develop-
mental delay,” Asian Journal of Surgery, vol. 44, no. 10,
pp. 1308-1309, 2021.

[31] D. Adair, D. Truong, Z. Esmaeilpour et al., “Electrical stim-
ulation of cranial nerves in cognition and disease,” Brain
Stimulation, vol. 13, no. 3, pp. 717–750, 2020.

[32] Y. Hong, Q. Liu, M. Peng et al., “High-frequency repetitive
transcranial magnetic stimulation improves functional re-
covery by inhibiting neurotoxic polarization of astrocytes in
ischemic rats,” Journal of Neuroinflammation, vol. 17, no. 1,
p. 150, 2020.

[33] M. Zhong, C. Cywiak, A. C. Metto, X. Liu, C. Qian, and
G. Pelled, “Multi-session delivery of synchronous rTMS and
sensory stimulation induces long-term plasticity,” Brain
Stimulation, vol. 14, no. 4, pp. 884–894, 2021.

[34] K. Ichikawa, H. Kawashima, M. Shimada, T. Adachi, and
T. Takata, “A three-dimensional cross-directional bilateral
filter for edge-preserving noise reduction of low-dose com-
puted tomography images,” Computers in Biology and
Medicine, vol. 111, Article ID 103353, 2019.

[35] W. Li, “Evaluation of left ventricular diastolic function of
patients with coronary heart disease by ultrasound images on
bilateral filtering image noise reduction algorithm combined
with electrocardiogram,” Pakistan Journal of Medical Sciences,
vol. 37, no. 6, pp. 1699–1704, 2021.
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