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(is study aimed to explore the effect of diffusion tensor imaging (DTI) image registration algorithm in the evaluation of
ventricular remodeling in patients with myocardial infarction and the therapeutic effect of cross-theoretical model rehabilitation
exercise care. (e dynamic balance coefficient k was introduced to construct the DTI image registration algorithm k-AD based on
the variable parameter AD algorithm. (en, it was compared with demons algorithm and AD algorithm and was applied in 110
patients with acute myocardial infarction. All patients were divided into the 55 cases of experimental group (cross-theoretical
model rehabilitation exercise nursing) and 55 cases of control group (routine nursing). (e myocardial tissue was labelled as
infarction zone (IZ), infarction border zone (IBZ), and noninfarcted zone (NIZ). Finally, the fractional anisotropy (FA) and mean
diffusivity (MD) were calculated. (e results showed that the mean square error (MSE) of k-AD algorithm reduced to 0 after 35
iterations. (e descent speed was obviously faster than AD and demons algorithms. (e overlap of eigenvalue-eigenvector pairs
(OVL-EEP) value of k-AD algorithm (0.25) was smaller than demons (0.81) and AD algorithms (0.56) (P< 0.05). (e FA value in
IZ was notably smaller than IBZ andNIZ, while theMD value was greater than those (P< 0.05). After nursing intervention, the FA
value of myocardial infarction area in the experimental group was notably higher in contrast to control group, but the MD value
was notably lower in contrast to it (P< 0.05). In short, the DTI image registration algorithm k-AD based on the variable parameter
AD algorithmwas remarkably better than the demons and AD algorithms in convergence and DTI image registration. FA andMD
values obtained by DTI registration image based on k-AD algorithm could clearly indicate the ventricular remodeling after
myocardial infarction and the rehabilitation effect of cross-theoretical model rehabilitation exercise nursing intervention.

1. Introduction

Myocardial infarction refers to ischemic necrosis of the
myocardium; the blood flow of the coronary arteries is
drastically reduced or interrupted after the occurrence of
coronary artery disease. It will cause severe and long-lasting
acute ischemia in corresponding myocardium, which
eventually leads to avascular necrosis of the myocardium,
including acute myocardial infarction and old myocardial
infarction [1, 2]. Ventricular remodeling refers to a series of
changes in the size, shape, wall thickness, and tissue
structure of the ventricle due to myocardial injury or

increased load. It is a process of lesion repair and overall
ventricular compensation and secondary pathophysiological
reaction. When the body repairs myocardial tissue and
ensures heart function, it will activate the body’s sympathetic
nervous system and renin-angiotensin-aldosterone system.
(en, it will produce a large number of neuroendocrine
factors to reconstruct the structure of myocardial cells and
tissue components [3]. Automatic ventricular remodeling of
the body is harmful for human body. It will cause varying
degrees of cardiac dysfunction and hemodynamic changes,
affect the structural repair and function of the heart, and
eventually lead to heart failure and even death. (erefore,
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early diagnosis of the patient’s ventricular remodeling is
conducive to clinical antiremodeling therapy. (e cross-
theoretical model is a theoretical model created by American
psychology professor James Prochaska in the late 1970s to
study individual behavior changes. In clinical nursing, it is
patient-centered and adopts motivational interview com-
munication to arouse the intrinsic motivation of patients to
change their behavior [4]. (erefore, it was intended to
adopt cross-theoretical model rehabilitation exercise nurs-
ing to treat patients with myocardial infarction.

DTI is a magnetic resonance imaging technique based on
diffusion-weighted imaging [5]. It takes diffusion-weighted
gradients in multiple directions to reflect the differences in
the diffusion of water molecules in various directions. (en,
through the quantitative analysis of the images obtained by
diffusion tensor imaging, it reflects the changes in the tissue
structure [6]. Current research showed that DTI technology,
which was adopted to scan and image the diffusion char-
acteristics of different myocardial regions, could show the
ventricular remodeling after myocardial infarction and
provide an effective basis for subsequent treatment [7]. (e
original image may have artifacts, noise, etc., which are not
conducive to judgment due to human manipulation and
subjective factors. (at is why DTI image registration comes
into being. However, DTI image registration is much more
difficult than traditional scalar registration due to its high
dimension and large amount of information of dispersive
amplification energy data, so it is necessary to choose a
reasonable algorithm for registration. Active demons algo-
rithm is a nonrigid registration method based on the optical
flow algorithm. As an improved form of the demons al-
gorithm, it not only further improves the convergence speed
of the algorithm but also can register images with larger
deformations. However, the algorithm only relies on the
average coefficient to adjust the strength of the deformation
driving force, which makes the degree of image deformation
difficult to control. (e inability to manage the accurate
registration of large deformation and small deformation
regions is likely to cause the disadvantage of low registration
accuracy [8, 9]. (erefore, the AD algorithm was optimized
to perform registration analysis on DTI images.

Although AD algorithm was widely used, it still had
some limitations. Based on this, the DTI image registration
algorithm k-AD was constructed based on the variable
parameter AD algorithm by introducing the dynamic bal-
ance coefficient k. It was compared with the demons al-
gorithm and the AD algorithm and applied in the diagnosis
of 110 patients with acute myocardial infarction. (e FA
value andMA value of image registration in different regions
were compared to evaluate the adoption value of DTI image

registration based on AD algorithm in patients with myo-
cardial infarction in terms of ventricular remodeling and
postoperative nursing intervention.

2. Materials and Methods

2.1. Sample Source. 110 patients with acute myocardial in-
farction who were admitted to the hospital from October
2018 to February 2020 were selected as the research objects,
and they were divided into the experimental group (cross-
theoretical model rehabilitation exercise care) and the
control group (routine care) based on different postopera-
tive nursing.(e research had been approved by theMedical
Ethics Committee of Hospital, and the patients had signed
the informed consent form.

Inclusion criteria: I, patients with good communication
skills; II, patients who had clear consciousness and could
cooperate to complete the examination; III, patients with
complete visiting records and medical records; IV, patients
who were older than eighteen.

Exclusion criteria: I, patients with cognitive dysfunction;
II, patients who quitted the test due to personal reasons; III,
patients with serious complications such as arrhythmia; IV,
patients with congenital heart disease.

2.2. DTI Examination. (e 3.0 T superconducting magnetic
resonance imaging instrument produced by Siemens
Medical Systems in Germany was adopted for scanning. (e
patient was scanned from the apex of the heart to the bottom
of the heart for three minutes, including the area of myo-
cardial infarction. Scan parameters were as follows: horizons
10×10 cm, layer thickness 3.0mm, layer spacing 0.5mm,
matrix 251× 251, and number of diffusion directions 26.
(en, the images were transmitted to the workstation, and
Functool software was adopted to conduct quantitative
analysis of the images before and after the registration by
DTI.(e tissue layer was classified into IZ, IBZ, and NIZ. FA
and MD values were calculated after the region of interest
was decided.(en, MSE could be obtained by the contrast of
FA between the original image and the registration image.

2.3. Construction of DTI Image Registration AlgorithmBased
on AD Algorithm. (e AD algorithm [10] mainly uses
partial information of the original image to transform the
image. In the actual deformation iteration, the deformation
field will remain continuous in the image. To make the
algorithm be continuous in the global scope, Gaussian filter
[11] is introduced to smooth the deformation field, and then
the deformation vector is as follows:

u �
(M(x, y) − S(x, y))∇S(x, y)

|∇S(x, y)|
2

+ α2(M(x, y) − S(x, y))
2 +

(M(x, y) − S(x, y))∇M(x, y)

|∇M(x, y)|
2

+ α2(M(x, y) − S(x, y))
2. (1)

In equation (1), (x, y) represents any point of the two-
dimensional image, M represents the reference image, S

represents the floating image, M(x, y) represents the gray
value of the reference image within (x, y), and S(x, y)
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represents the gray value of the floating image. ∇S(x, y) and
∇M(x, y) represent the gradient of S and M, respectively. α
represents the averaging coefficient, and
|∇S(x, y)|2 + α2(M(x, y)− S(x, y))2 ≥ (2α∇S(x, y))(M(x,

y) − S(x, y)). (e larger the value α, the smaller the de-
formation vector, the larger the deformation vector, and the

better the registration accuracy. However, if the value α is
too small, it will be overcorrected, so there is a registration
conflict between large deformation zone and small defor-
mation zone. To solve this problem, it introduces the balance
coefficient k, and then the deformation vector can be
expressed as follows:

u �
(M(x, y) − S(x, y))∇S(x, y)

k
2
|∇S(x, y)|

2
+ α2(M(x, y) − S(x, y))

2 +
(M(x, y) − S(x, y))∇M(x, y)

k
2
|∇M(x, y)|

2
+ α2(M(x, y) − S(x, y))

2. (2)

In equation (2), the magnitude of the deformation vector
can be affected together by adjusting α and k, and
|k∇S(x, y)|2 + α2(M(x, y) − S(x, y))2 ≥
(2α∇S(x, y))(M(x, y) − S(x, y)). When the value α is
constant, the smaller the k, the larger the deformation vector,
and the faster the convergence speed. (en, it introduces the

components of the image tensor Wxx, Wxy, Wxz, Wyy,
Wyz, and Wzz as the input channel of the AD algorithm to
deform the floating image to the reference image. (en, for
each voxel of (x, y, z), the new deformation vector is as
follows:

un+1 � Gσi ∗ un +
1
C



C

c�1

Mcn(x, y, z) − Sc(x, y)( ∇Scn(x, y)

k
2 ∇Scn(x, y, z)
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k
2
|∇M(x, y, z)|

2
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2

⎛⎝ ⎞⎠⎛⎝ ⎞⎠.

(3)

In equation (3), ∗ represents the convolution operation,
C represents the number of input channels, Mcn represents
the reset channel c, Gσi represents the Gaussian filter with
variance, N represents the maximum number of iterations,
and i represents an integer taken upward. When σ gradually
becomes smaller, the registration begins to strongly restrict

deformation and correct displacement. (en, it manually
selects a value α2 within a suitable range and adjusts the
dynamic balance coefficient ki

2 for reasonable registration
when the algorithm converges, which can be expressed as
follows:

un+1 � Gσi ∗ un +
1
C
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(4)

In equation (4), ki
2 represents the dynamic balance

coefficient, i � ⌈4n/N⌉, and ⌈⌉ means it takes the upward
value. (e proposed algorithm can use a smaller dynamic
balance coefficient in the initial stage of registration, to
give the registration faster convergence performance and
gradually increase the dynamic balance coefficient to
reduce the registration error. To achieve the effect of
improving speed and accuracy at the same time, it is set
as k-AD. (e specific process is shown in Figure 1. First,
the tensor component is input to the reference image and
the floating image, and the parameters α, σ, and k are
initialized. σ should be adjusted first, if it calculates the
deformation vector of the floating image after updating k,
Gaussian smoothing is conducted for the displacement
field, trilinear interpolation is conducted for the
moving image, then tensor redirection is conducted for
each voxel, and finally the image after registration is
output.

2.4. DTI Image Registration Quality Evaluation Index.
Demons algorithm and AD algorithm are adopted to be
compared with the algorithm k-AD, and the OVL-EEP [12]
is taken to evaluate the image quality of the algorithm
registration. (e equation is as follows:

OVL �
1
N



N

i�1


3
j�1 λ

i
jλ

i′
j e

i
je

i′
j 

2


3
j�1 λ

i
jλ

i′
j

. (5)

In equation (5), λi
j, λ

i′
j , ei

j, and ei′
j represent the j-th

feature vector pair of the i-th voxel of the dispersion tensor.
(e larger the value of OVL-EEP, the better the image
registration effect of the algorithm.

2.5. StatisticalMethod. (e data processing was analyzed by
SPSS19.0 version statistical software, the measurement data
were expressed as mean plus or minus standard deviation
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(x± s), and the count data were expressed as percentage (%).
(e OVL-EEP values of demons, AD, and k-AD algorithms
were compared via t-test. (e pairwise comparison between
FA values and MD values of IZ, IBZ, and NIZ were con-
ducted by variance analysis. (e difference was statistically
significant when P< 0.05.

3. Results

3.1. Contrast of MSE Convergence of the Algorithms. (e
number of iterations was set as 0, 5, 10, 15, 20, 25, 30, 35, and
40. In Figure 2, the MSE of the three algorithms all decreased
with the increase of the number of iterations, while the MSE
of k-AD algorithm was reduced to 0 at the 35th iterations,
and the descending speed was obviously faster than that of
AD algorithm and demons algorithm.

3.2. Contrast of DTI Image Registration Effect of Algorithms.
Figure 3 shows that the OVL-EEP of the demons, AD, and k-
AD algorithm was 0.81, 0.56, and 0.25, respectively. (e
OVL-EEP value of k-AD algorithm was notably lower in
contrast to demons algorithm and AD algorithm, P< 0.05.
(e OVL-EEP value of AD algorithm was notably lower in
contrast to demons algorithm, P< 0.05. Figure 4 shows the
DTI image registration effect of different algorithms on FA
and MD value pseudocolor image. It was obvious that k-AD
algorithm registration image clarity was higher, organization
detail display was more perfect, and the image registration
quality was the best with the highest accuracy.

3.3. Contrast of FA Values in Infarction Zone, Infarction
Border Zone, and Noninfarcted Zone of Patients. Figure 5
shows that the FA value of the IZ, IBZ, and NIZ was
0.117± 0.038, 0.226± 0.071, and 0.374± 0.054. Among them,
the FA value of IZ was notably lower in contrast to IBZ and
NIZ, with statistically obvious difference (P< 0.05). (e FA
value in IZ was notably smaller in contrast to NIZ area, and

the difference was statistically notable (P< 0.05). Figure 6
shows pseudocolor map of FA values in different areas. (e
myocardial fiber bundles in Figure 6(a) were relatively rich
and neatly arranged. (e shape was continuous and tight,
and the anisotropy at different levels spread significantly.
(e myocardial fiber bundles in Figure 6(b) were relatively
sparse and arranged relatively loosely. (e shape was not
neat, and the anisotropic diffusion at different levels was
obviously weakened. (e myocardial fiber bundles in
Figure 6(c) were greatly reduced, the shape was chaotic, and
the arrangement was not integrated. (ere were no fiber
bundles in some areas, and the anisotropic diffusion was
weakened.

3.4. Contrast of MD Values in Infarction Zone, Infarction
Border Zone, and Noninfarcted Zone of Patients. In Figure 7,
the MD value in IZ was (1.318± 0.172)× 10−3mm2/s, that in
IBZ was (1.026± 0.171)× 10−3mm2/s, and that in NIZ was
(0.765± 0.154)× 10−3mm2/s. Among them, the MD value in
IZ was notably greater in contrast to IBZ and NIZ, with
statistically notable difference (P< 0.05).(eMD value in IZ
was obviously greater in contrast to NIZ, and the difference
was also notable (P< 0.05). Figure 8 shows a pseudocolor
map of MD values in different regions. (e myocardial fiber
bundles in Figure 8(a) were abundant, the overall ar-
rangement was orderly, and the different layers of anisotropy
spread obviously. (e area of myocardial fiber bundles in
Figure 8(b) was reduced, and the degree of anisotropic
diffusion at different layers was notably weakened. (e
overall shape of the myocardial fiber bundles in Figure 8(c)
was chaotic, and there were no fiber bundles in some areas,
and the anisotropic diffusion was weakened.

3.5. Comparison of FA and MD Values of Patients’ Infarction
Zone, Infarction Border Zone, and Noninfarcted Zone after
Nursing Intervention. Figure 9 reveals that the FA value in
IZ of myocardial infarction in the experimental group after
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Figure 1: DTI image registration algorithm based on variable parameter AD algorithm.
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Figure 8: Pseudocolor map of MD values in different regions. (a) A pseudocolor map of MD value in NIZ; (b) pseudocolor map of MD
value in IBZ; (c) a pseudocolor map of MD value in IZ.
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nursing intervention was remarkably higher in contrast to
control group (P< 0.05). (e MD value in IZ of the ex-
perimental group after nursing intervention was notably
lower than the control group (P< 0.05).

4. Discussion

Due to the complexity and high order of tensor data, DTI
image registration is much more difficult than traditional
medical image registration. (erefore, it is crucial to select
an appropriate image registration algorithm [13]. (e DTI
image registration algorithm (k-AD) based on the variable
parameter AD algorithmwas constructed by introducing the
dynamic balance coefficient k. (en, it was compared with
the demons algorithm and the AD algorithm. (e results
showed that the MSE of k-AD algorithm was reduced to 0
after 35 iterations, and the descending speed was obviously
faster than that of AD and demons algorithms. It meant that
the k-AD algorithm had a better convergence performance
and could help to obtain higher registration accuracy under
the same number of iterations [14].(eOVL-EEP value of k-
AD algorithm was obviously less than that of demons and
AD algorithms, and the OVL-EEP value of AD algorithm
was less than demons algorithm (P< 0.05), which was
similar to the findings of Federico et al. [15]. It suggested that
k-AD algorithm was better than demons algorithm and AD
algorithm for DTI image registration. From the perspective

of image registration, the k-AD algorithm had a higher
image definition and the best image quality, which was
corresponding to the quantitative data results.

(e FA value in IZ was notably lower than in IBZ and
NIZ, and the FA value in IZ was notably lower than in NIZ
(P< 0.05), which was different from the study results of
Okura et al. (2019) [16]. (e results showed that the FA
values obtained based on DTI scanning image registration
were obviously different from those in IZ, NIZ, and IBZ, and
the FA values in IZ were much smaller than that in NIZ. It
could clearly indicate the status of ventricular remodeling
after myocardial infarction. (e MD value in IZ was greater
than those in IBZ and NIZ, and the MD value in IZ was
notably greater than that in NIZ (P< 0.05). It also indicated
that the MD value obtained based on DTI scan image
registration could evaluate the ventricular remodeling of
patients after myocardial infarction. After nursing inter-
vention, FA value and MD value in IZ of the experimental
group were remarkably higher in contrast to control group
(P< 0.05), which was different from the study results of
Wang et al. (2016) [17]. (e reason may be that the selected
number and scope of patient samples were different, which
leaded to different results. (us, it could be concluded that
compared with conventional nursing, cross-theoretical
model rehabilitation exercise nursing intervention had a
better promoting effect on postoperative rehabilitation of
patients.
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Figure 9: Contrast of FA and MD values in different areas of patients with myocardial infarction after nursing intervention. (a) (e FA
value in different areas; (b) the MD value in different areas. Note. ∗ and # indicate that the difference was statistically notable in
contrast to NIZ and IBZ, respectively (P< 0.05).
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5. Conclusion

Based on AD algorithm, the dynamic balance coefficient k
was introduced to construct the DTI image registration
algorithm k-AD based on the variable parameter AD al-
gorithm.(en, it was compared with demons algorithm and
AD algorithm. (e DTI image registration algorithm k-AD
was applied in the preoperative and postoperative nursing
intervention evaluation of patients with myocardial in-
farction. (e results showed that the k-AD algorithm based
on the variable parameter active demons algorithm had an
excellent effect on DTI image registration. Moreover, DTI
registration image parameters FA and MD values could
clearly indicate the ventricular remodeling effect after
myocardial infarction, as well as the effect of rehabilitation
exercise nursing intervention across the theoretical model.
However, the sample size selected in this study is small and
the source is single, which may make the results have certain
limitations. Moreover, the initial parameters of the algo-
rithm need to be set manually and need to be adjusted for
different sample sizes. Later, it will be considered to increase
the sample size and discuss the specific practicality of the AD
algorithm. In conclusion, the results of this study provided
theoretical help for clinical DTI image registration.
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