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Objective. ,is paper uses an optimized registration algorithm to analyze the diffusion-weighted imaging (DWI) scan parameters
of acute ischemic stroke (AIS) in the memory function of stroke patients under exercise relearning (MRP). Methods. ,is study
used a random case-control study. 65 patients with stroke and hemiplegia were randomly divided into a control group: con-
ventional rehabilitation intervention (32 cases), and a treatment group: MRP (33 cases). Each patient uses 4 parameters for DWI
examination and obtains 4 sets of images, group 1 is the control sequence, group 2 uses parallel acquisition technology, group 3
uses parallel acquisition technology and reduces the number of excitations, group 4 uses parallel acquisition technology to reduce
repetition time (TR) and echo time (TE) and enlarge the field of view, and the scan time of each group is 177, 81, 23, and 18 s in
sequence. At the time of enrollment and after 12 weeks of treatment, patients in each group were evaluated with Fugl-Meyer motor
function score (FMA) and modified Pap index (MBI) for hand and wrist motor function and ADL. Results. After treatment, the
FMA and MBI values of the treatment group were significantly higher than those of the control group (P< 0.05). Conclusion. By
adopting a parallel acquisition technique and reducing the number of excitations (group 3) scanning scheme, not only the
scanning time is significantly shortened, but also the image quality can meet the diagnostic requirements, which has great
application value for AIS patients who need emergency treatment. MRP can obviously promote the hand and wrist motor function
and daily living ability of stroke hemiplegic patients.

1. Introduction

Stroke (AIS) is a major disease that seriously threatens
human health. Both mortality and disability rate are very
high. Most survivors are left with different degrees of dis-
ability, generally with motor dysfunction, especially para-
lyzed hand and wrist movements. Dysfunction has a greater
impact on patients’ independence in daily life. ,e recovery
of hand and wrist motor function in stroke paralysis has
always been a problem, which has caused the decline of daily
living ability to a large extent. Diffusion-weighted imaging
(DWI) can detect cerebral infarction early, assess prognosis,
and make a differential diagnosis of other diseases with

similar clinical signs and signs to AIS, which plays an im-
portant role in the imaging diagnosis of ASI. However,
conventional scanning parameters are not suitable for severe
and uncooperative patients and cannot be widely used to
screen the effects of thrombolytic therapy in ASI patients.
,erefore, this study aims to explore the application value of
DWI after optimization of scanning parameters to AIS
patients and to study the effect of exercise relearning (MRP)
training method on the comprehensive function of hands
and wrists and the independence of daily life in hemiplegic
patients and the role of hand and wrist motor function in
stroke hemiplegia. On the premise of meeting the re-
quirements of imaging diagnosis, the scan time should be
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shortened as much as possible, so as to be more effectively
applied to the examination of AIS patients [1].

2. Materials and Methods

2.1. General Information. ,e thesis selected 65 patients
with stroke and hemiplegia who were outpatient and in-
patient in our hospital from December 2018 to December
2019. ,e patients were randomly divided into a treatment
group and a control group, including 33 cases in the
treatment group and 32 cases in the control group. ,e
inclusion criteria are as follows: (1) the diagnosis meets the
diagnostic criteria established by the 1995 National Fourth
Cerebrovascular Disease Conference; (2) age is 12–82 years;
(3) all cases are diagnosed clearly, vital signs are stable, and
no more stroke symptoms for more than 48 hours; (4)
confirmed by MRI or CT as a stroke; (5) unlimited du-
ration; (6) not accompanied by severe cognitive impair-
ment, aphasia, and difficulty in understanding; and (7) no
serious heart, lung, liver, and kidney insufficiency and
mental illness.

2.2. Equipment and Methods

2.2.1. DWI Method. Using GE’s SignaHDe1.5T super-
conducting MR equipment, 8-channel head, and neck
combined coil, all patients underwent cross-sectional DWI
examination of 4 parameters and obtained 4 sets of images,
using a single excitation plane echo sequence, and applied
diffusion-sensitive gradients, diffusion gradient factors (b
value) in slice selection, phase encoding, and frequency
encoding directions, respectively. ,e scanning schemes and
parameters of each group are shown in Table 1, and scanning
speed of each group is 1000 s/mm2.

2.2.2. Sports Relearning Method. ,e patients were ran-
domly divided into treatment group and control group.
,e control group used conventional Bobath treatment
technology (neurodevelopmental therapy), including
exercise treatment for the affected hand and wrist,
control key points, reflex suppression, and induced
normal posture reflex; the treatment group was treated
with exercise relearning method. ,e training time of the
two groups is basically the same: 1.0 h daily training, 5 d
weekly training, and a total course of 12 weeks. ,e
treatment group uses MRP, including (1) analysis of
upper limb function: analysis of the affected hand, wrist,
and arm; (2) and (3) exercise loss: triggering arm ex-
tension and finger muscle activity and movement control
and triggering muscle activity and exercise control of
training operations, training wrist extension, training
arm rotation, training thumb abduction and rotation (to
palm), training hand radial and ulnar side (opposed) and
adduction abduction, and training to operate objects; let
go of your fingers; and (4) transfer training to daily life.
Each movement can range from passive movement to
auxiliary movement and finally to active movement. ,e
training is carried out by rehabilitation therapists who

are trained in two treatment methods. Avoid patho-
logical postures during training and develop normal
exercise patterns for 60 minutes, once a day and 5 times a
week. Assign homework to patients, and ask family
members to assist in training. Check the completion of
the work at the beginning, and then start a new practice
project [2].

2.3. Evaluation of Image Quality. Two doctors with more
than 8 years of experience in MR imaging diagnosis will
evaluate the quality of the four groups of imaging. When
the opinions are not consistent, the third chief physician
will decide. According to the presence or absence of ar-
tifacts, noise size, and anatomical details, image scores are
scored as follows: (1) poor image quality and cannot be
diagnosed; (2) poor image quality and affects diagnosis; (3)
good image quality and does not affect diagnosis; and (4)
good image quality, suitable for diagnosis. ,e DWI image
quality score is the sum of the scores of all levels divided by
the number of layers [3].

2.4. Statistical Analysis. ,e comparison between multiple
groups uses the Kruskal–Wallis H test, and the comparison
between the two groups uses the Mann–Whitney U test.
P< 0.05 is considered statistically significant. ,e mutual
information of the two images is expressed as

I(F, R) � H(F) + H(R) − H(F, R). (1)

Among them,

H(F) � − 
f

pF(f)log2pF(f),

H(F, R) � − 
fr

pF,R(f, r)log2pF,R(f, r).
(2)

,e normalized mutual information is expressed as

NMI(F, R) �
H(F) + H(R)

H(F, R)
. (3)

It is less affected by the size of the overlapping area of the
image to be registered and has stronger robustness. In this
paper, NMI is used as the objective function of registration.
,e process of image registration based on mutual infor-
mation can be described as follows: for the p point of the
pixel value f in F, seek a geometric transformation Tα with
the parameter α, and map the p point to Tα(p) on the R pixel
value r. ,e normalized mutual information NMI(F, R) of
the two random variables f � F(p) and r � R(Tα(p)) is
maximized. ,at is,

α∗ � argmax
α

NMI(F, R), (4)

where α is the parameter vector of the geometric trans-
formation T. Equation (4) shows that the realization process
of the image registration method based on mutual infor-
mation is a multiparameter optimization process. ,e op-
timized registration algorithm has an obvious flaw. When
the point overlaps with the neighborhood point, that is,
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when the two images to be registered have integer dis-
placement on the coordinate axis, the four gray histograms
originally involved in the calculation of the point suddenly
change into one point. ,is causes a sudden change in
entropy and the local maximum of the mutual infor-
mation function. ,e local extremum formed by the
optimized registration algorithm exists at every integer
multiple displacement of the pixel, which will seriously
interfere with the optimization of the mutual information
function. If the extreme value at the integer multiple
displacement of the pixel can be eliminated or reduced,
then we find that the optimization process can become
more stable. ,e reason why the optimal registration
algorithm produces local extrema lies in the mutation of
the joint distribution entropy. As long as this mutation is
reduced, the local extremum can be reduced. Can we find
a better coefficient allocation method so that the new
coefficient should still ensure that the closer the point ni is
to the point sr, wi, the larger; and wi is nonnegative,

i

wi(sr) � 1. ,e B-spline basis function often used in
graphics just meets such a condition. ,e B-spline basis
function is expressed as

Ni,o(u) �
u − ti

ti+k−1 − ti

Ni,k−1(u) +
ti+k − u

ti+k − ti+1
Ni+1,k−1(u). (5)

3. Results

3.1. Comparison of Image Quality Scores of 4 Groups.
Group 2 had the highest image quality score, but there was
no statistically significant difference with group 1 (P> 0.05).
,e score of group 3 is lower than that of groups 1 and 2
(both P< 0.001), but higher than 3, which does not affect the
diagnosis. Group 4 score is <3 points and lower than the
other 3 groups (all P< 0.001), affecting the diagnosis. See
Table 2 for details [4].

3.2. Diagnostic Results. Among the 50 patients with AIS, 4
had extensive cerebral infarction, 19 had multiple cerebral
infarction (Figures 1 and 2), 14 had watershed cerebral
infarction, and 13 had lacunar infarction [5].

Image A (group 1) has good image quality, with a
score of 3.68 and a scanning time of 2 min 57 s. Picture B
(group 2) has the highest image quality, with clear
boundaries between gray and white matter, with a score
of 3.84 and a scan time of 1 min and 21 s. Picture C (group
3) is more noisy, but the lesion can still be clearly dis-
played without affecting the diagnosis, with a score of 3.16
and a scan time of 23 s. Panel D (group 4) failed to

distinguish between gray and white matter, the boundary
between brain tissue and lesions was blurred, artifacts
(white arrows) appeared, the score was 2 points, and the
scan time was 18 s.

,e ADC values of the A–D chart are 0.495×10−3,
0.524×10−3, 0.561× 10−3, and 0.538×10−3mm2/s in
sequence.

3.3. Relationship between the Two Groups of Patients before
and after Treatment. After treatment of 33 stroke patients
in the treatment group with exercise relearning method
for 12 weeks, the average increase in FMA was 8.64 ± 3.86
points, and 32 patients in the control group received
conventional rehabilitation treatment for 12 weeks. After
that, the FMA increased by an average of 6.22 ± 2.84
points. After treatment, the MBI of the two groups was
improved compared with that before the treatment. ,e
treatment group increased 37.27 ± 18.03 points and the
control group increased 28.13 ± 15.28 points. ,ere was
also a statistically significant difference between the two
groups (P< 0.05). It shows that the improvement of hand
and wrist exercise ability of the treatment group is better
than that of the control group, and the ability of daily life
is also improved; see Tables 3 and 4.

4. Discussion

4.1. ScanningTechnologyandbValueSelection. In this study,
the SE-EPIDWI sequence was used. ,e small b value of
DWI reflected the microcirculation of local tissues to a
certain extent, but the measured ADC value was less stable,
susceptible to other physiological activities, and could not
effectively reflect the diffusion of water molecules. DWI
with large b value is less affected by local tissue micro-
circulation perfusion and can better reflect the diffusion
movement of water molecules [6]. However, as the b value
increases, the tissue signal attenuation becomes more
obvious, and the image SI and SNR will decrease. Chen
et al. found that the image quality obtained by brain DWI
examination when b � 800–1000 s/mm2 is good and the
parameters are relatively stable, so the b value selected in
this study is 1000 s/mm2.

4.2. Impact of Parallel Acquisition Technology on Images.
Parallel acquisition technology uses the spatial position
difference of multichannel surface coils to distinguish the
source of the signal. ,rough the cooperation of each coil,
the number of phase encoding steps in the imaging

Table 1: Scanning parameters of 4 groups of DWI images.

Grouping TR
(ms)

TE
(ms)

Matrix
(mm)

Number of incentives
(times)

FOV
(cm)

Layer thickness/layer
spacing (mm)

Parallel acquisition
technology

Scan time
(s)

1 4777 110 96×128 4 25× 25 5/1.5 No 177
2 4777 110 96×128 4 25× 25 5/1.5 Have 81
3 4650 109 96×128 1 25× 25 5/1.5 Have 23
4 3575 86.8 96×128 1 40× 40 5/1.5 Have 18
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process is reduced, and the scanning time is significantly
reduced. ,e improvement of K-space filling method and
reconstruction algorithm can improve the spatial reso-
lution and reduce the susceptibility artifact in the same
scanning time [7]. In this study, the basic scanning

parameters of group 1 and group 2 are the same, group 2
uses parallel acquisition technology, the image quality is
improved compared with group 1, the subjective reading
score is the highest, the image quality is the best, and the
scanning time is reduced by 1min 36 s compared with
group 1.

Table 2: Details.

Group SNR CNR SIR Image quality score
1 402.31± 272.00 242.08± 158.74 2.60± 0.45 3.90 (3.60.4.00)
2 473.83± 458.93 290.15± 286.35 2.65± 0.54 3.98 (3.84.4.00)
3 388.80± 324.57 234.53± 206.81 2.56± 0.48 3.00 (3.00.3.21)
4 559.61± 467.60 259.65± 198.75 2.04± 0.46abc 2.00 (1.02.2.00)
χ2 2.021 0.645 17.444 150.799
P 0.112 0.587 <0.001 <0.001

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

Figure 1: DWI images of 4 parameters of AIS patients.

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

Figure 2: ADC diagram obtained by scanning 4 parameters of AIS patients.

Table 3: FMA analysis results of the treatment group and control
group of stroke patients before and after treatment.

Group n Before
treatment

After
treatment

FMA
difference

Control group 32 5.09± 3.17 11.31± 3.95 6.22± 2.84
,erapy group 33 5.67± 6.24 14.30± 5.70 8.64± 3.86

Table 4: Comparison of MBI before and after treatment in patients
with stroke.

Group n Before
treatment

After
treatment

MBI
difference

Control group 32 36.09± 20.39 64.22± 17.60 28.13± 15.28
,erapy group 33 43.03± 17.36 80.30± 18.66 37.27± 18.03
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4.3. Reducing the Impact of the Number of Excitations (NEX)
on the Image. In this study, group 3 used parallel acquisition
technology and reduced NEX to 1, the time was 2min 34 s
less than that of group 1, the image quality score was lower
than that of group 1 (P< 0.05), and the differences between
SIR, SNR, CNR, ADC values, and group 1 were all different.
,ere was no statistical significance [8]. ,eoretically,
according to the formula “scan time�TR× n×NEX (TR is
the repetition time), SNRN�NEX2× SNR1,” under the
condition that the remaining parameters remain unchanged,
reducing NEX can shorten the imaging time, and SNR is
only the square root of NEX proportional, so NEX has a
limited impact on SNR among the factors that affect image
quality. ,is study also found that when the remaining
parameters were unchanged, reducing NEX to 1 had little
effect on the SIR, SNR, CNR, and ADC values of the image.
Although the gray-white boundary of the image in the
subjective reading is slightly blurred compared with group 1,
the image quality is slightly reduced, but the image quality
score is more than 3 points, which does not affect the di-
agnosis. ,e scan time of group 3 is only 23 s, which can be
used as a personalized scan parameter for AIS patients [9].

4.4. Increasing the ImpactofFOVonImages. In this study, the
FOV of group 4 increased to 40, and the scanning time was
reduced by 2 minutes and 39 seconds compared with group
1.,e difference in image quality score, SIR, and group 1 was
statistically significant, and the difference in ADC value,
SNR, CNR, and group 1 was not statistically significant. ,e
reason is that the larger the FOV, the larger the voxel,
resulting in a decrease in spatial resolution, at the same time,
the background noise of the image is reduced, and the SNR
of the image is increased. ,erefore, the SIR and image
quality of group 4 decreased compared with group 1, but the
SNR and CNR did not change significantly. Among the 4
groups of DWI images, the scan time of group 4 is the
shortest, but the image quality is the worst, which cannot
meet the diagnostic requirements [10].

4.5. Effect of Changing Parameters on ADC Value.
Because the DWI signal strength is affected by the T2
penetration effect of the tissue, sometimes it does not truly
reflect the speed of the diffusion of water molecules in living
tissue.,e quantitative index is by measuring the ADC value
of the lesion. ,erefore, this study measures the ADC value
of each group to understand whether the ADC value will be
changed after changing the parameters, thereby affecting the
accuracy of the measured value. ,e ADC value is mainly
calculated based on the SI change on the DWI image. In
theory, the ADC value is mainly affected by the field
strength, b value, the spatial distribution of the imaging
substance, and its internal molecules, but the reduced SNR
of the image and the magnetic sensitivity artifacts will affect
the ADC value measurement. ,e differences in the ADC
values of the four groups of images in this study were not
statistically significant, indicating that the adoption of
parallel acquisition technology and the appropriate changes

in NEX, TR, TE, and FOV parameters did not affect the
accuracy of the ADC values measured [11].

4.6. Effect of Exercise Relearning on Patients’ Memory
Function. MRP is a kind of exercise therapy proposed by
Australian scholars Carr and Shepherd in the early 1980s. It
regards the recovery training of motor function after central
nervous system injury as a process of relearning and
retraining. Mainly based on the theoretical basis of neu-
rophysiology, sports science, biomechanics, behavioral sci-
ence, and so on and oriented by work or function, under the
premise of emphasizing active participation of patients and
no serious cognitive impairment, reeducate patients
according to scientific sports learning methods to restore its
motor function. Subsequently, the two scholars proposed
training guidelines for training key actions and optimizing
motor skills for stroke patients with hemiplegia based on the
theory and scientific research results of brain plasticity.
Emphasize the organization of the environment and
training, encourage patients to actively participate in active
training and learning, and optimize exercise skills. MRP
functional retraining is an important condition for central
nervous system functional reorganization. In a randomized
controlled study, a group of patients used exercise to relearn
the functional intensive training of their opponents and
wrists. After proton emission imaging, they found brain
changes and deduced that training induced functional re-
organization of the bilateral motor and sensory systems of
the brain. ,e study found that exercise relearning can not
only promote the recovery of motor function in patients
with stroke but also shorten the length of hospital stay and
improve the patients’ ability of daily life. ,e study found
that, in stroke patients, the use of MRP is better than the use
of Bobath technology to improve the recovery of motor
function. A randomized controlled study found that motor
relearning can promote the recovery of motor function of
the paralyzed hand and wrist of stroke patients. Scholars at
home and abroad are studying the mechanism of motor
function recovery after brain injury. ,e results show that
the theory of ipsilateral brain domination, nerve regenera-
tion, and brain plasticity and brain function reorganization
have laid a solid theoretical foundation for the development
of neurorehabilitation medicine [12].

,e treatment group in this study adopted MRP treat-
ment, and the rehabilitation of the upper limb hand and
wrist of the hemiplegic side no longer stopped to produce the
correct movement but paid more attention to the use
function in daily life, that is, the quality function. In the
treatment, the treatment plan is individualized, which varies
according to the condition and has some emphasis. At the
right time, pay attention to the patient’s tolerance and adjust
the amount of activity, and pay attention to the complexity
of the use of the hand and wrist and perform some func-
tional activities and so on independently, emphasizing re-
peated training, meaningful task-oriented exercises,
intensive use of affected limbs, two-handed exercises, and so
on, step by step. ,e results of this study show that MRP can
not only improve the motor function of the upper limb hand
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and wrist of stroke patients but also improve the daily living
activities of patients. It is suggested that the improvement of
hand and wrist exercise ability and daily activity ability of
MRP is better than conventional Bobath treatment. In the
future, it is necessary to conduct a larger sample of research
on cases of stroke for half a year, combined with the study of
functional magnetic resonance imaging to understand the
changes in neurological imaging of MRP on upper limb
hand and wrist functional rehabilitation in patients with
hemiplegia [13].

5. Conclusion

In neurorehabilitation treatment, motor function training
and daily life skills are closely combined. It varies from
person to person and from illness to condition. Combined
with the patient’s mental state, repeated practice can lay the
foundation for regaining the correct exercise mode. ,e
patient is practicing. Among them, certain task-oriented
activities should be taken, and training for daily life activities
and the use of sports relearning therapy can make stroke
patients more effective.
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