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Abstract

e AIM: To investigate changes in local brain activity after
laser assisted in situ keratomileusis (LASIK) in myopia
patients, and further explore whether post-LASIK (POL)
patients and healthy controls (HCs) can be distinguished
by differences in dynamic amplitude of low-frequency
fluctuations (dALFF) in specific brain regions.

e METHODS: The resting-state functional magnetic
resonance imaging (rs-fMRI) data were collected from 15
myopic patients who underwent LASIK and 15 matched
healthy controls. This method was selected to calculate the
corresponding dALFF values of each participant, to compare
dALFF between the groups and to determine whether dALFF
distinguishes reliably between myopic patients after LASIK
and HCs using the linear support vector machine (SVM)

permutation test (5000 repetitions).

o RESULTS: dALFF was lower in POL than in HCs at
the right precentral gyrus and right insula. Classification
accuracy of the SVM was 89.1% (P<0.001).

e CONCLUSION: The activity of spontaneous neurons in
the right precentral gyrus and right insula of myopic patients
change significantly after LASIK. SVM can correctly classify
POL patients and HCs based on dALFF differences.

o KEYWORDS: laser assisted in situ keratomileusis;
resting-state functional magnetic resonance imaging;
dynamic brain activity; amplitude of low-frequency
fluctuations; support vector machine
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INTRODUCTION

M yopia is a form of ametropia'’. When the myopic eye
is relaxed, parallel light from the visual scene enters

the eye, is refracted and focused in front of the retina, resulting

[2]

in a blurred image on the retina”'. The clinical definition of high

myopia is ametropia at least 6.00 diopters (D) or an axial length
of at least 26 mm". In recent years, the prevalence of myopia
has increased™”, with significant impact in adolescents'.
Many countries have published reports that the population with
myopia has increased, including the United States"”’, Europe'®,
and Denmark™, and the myopia growth rate in many East and
South Asian countries is particularly apparent’”. Myopia has

[2]

become one of the most common ophthalmic diseases™, and

11-12 . .
1 which increase

can cause related ocular complications!
the risk of eye diseases such as cataract, glaucoma, retinal
detachment and myopic macular degeneration, leading to

%1 According to previous studies, high myopia is

blindness
one of the main causes of global vision loss, and is highly
heritable!"!

has a significantly increased risk of myopia'

, such that a child whose parents are both myopic

518 Tn addition to
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genetic factors, risk factors for myopia include lifestyle, diet,
environment, close work, reduced time outdoors, and a high
ratio between close work and outdoor activity'®, such as more
close working hours, shorter outdoor time, and greater close
working/outdoor ratio may lead to a higher risk of myopia”.
Although myopia is not an organic disease, it will seriously
affect patients’ quality of life, causing irreversible visual loss if
allowed to develop'®. Therefore, the prevention and treatment
of myopia has become an urgent global public health problem.

With the improvement of living standards and health
requirements, patients increasingly address their myopia by
refractive surgery to remove the need for glasses. In recent
years, interest in corneal refractive surgery has gradually
increased. Laser assisted in situ keratomileusis (LASIK) is
a globally recognized refractive surgery with good safety
and effectiveness, and has become one of the most common
operations in clinic®**". The principle of this operation is to
make a corneal flap using a mechanical corneal lamellar knife,
lift the flap and use laser to change the curvature of the anterior
corneal surface™™. Although clinical practice has shown that
LASIK is efficient, stable and safe”", there are still some risk
factors. For example, the operation may lead to corneal flap
dissociation, dry eye discomfort, diffuse keratitis or refractive
regression. According to previous studies, almost all patients
will experience dry eye symptoms immediately after the

operation. Three months later™>”

, only 28% of patients report
dry eye™.
Resting-state functional magnetic resonance imaging (rs-fMRI)

27 . .
79 which provides

is a functional brain imaging technology'
information about spontaneous brain activity non-invasively.
Amplitude of low-frequency fluctuation (ALFF) evaluates the
intensity of local spontaneous neural activity by observing the
fluctuation of low-frequency blood oxygen level-dependent
(BOLD) signals in the resting state. ALFF measurement is
a reliable and effective tool, which can be used to analyze
fMRI data when the brain is not undertaking a specific task*".
In recent years, ALFF technology has been widely used to
investigate the brain activity of a variety of eye diseases™".
Previous studies have found abnormal ALFF in many brain
regions of patients with high myopia, and this abnormality is
considered an important feature of visual dysfunction””. These
studies have provided convincing data through resting state
ALFF measurement, demonstrating that extensive brain regions
are involved in high myopia. However, they are limited since
the analysis of ALFF data in the resting state does not consider
the dynamic characteristics of brain activity during the data
collection period. This problem can be addressed by ALFF
technology combined with the “sliding window” method. This
approach can not only detect satisfactory dynamic functional

connection features, but also has high accuracy and sensitivity
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compared with static methods™**". The dynamic amplitude
of low-frequency fluctuation (dALFF) analysis method is
a new way to study local neuronal activity, and is a major
breakthrough in the exploration of human brain activity. It
is a powerful supplement to static analysis of the functional
organization and information function of the brain, and
provides a more comprehensive understanding of variations
in brain activity and of brain function. In the present study,
we adopted this approach and used a support vector machine
(SVM) to determine whether myopic patients after LASIK can
be distinguished from controls on the basis of their dALFF
levels. The SVM is a generalized linear classifier for binary
classification of data by supervised learning. Its high accuracy
of classification and prediction has made SVM one of the most

B840 T our

popular supervised machine learning technologies
knowledge, this study is the first to use dALFF combined with
SVM to explore brain neural activity changes in patients after
LASIK and in controls. In this study, the experimental group
includes patients who have undergone LASIK surgery, and
the control group includes healthy control subjects. It can be
speculated that abnormal ALFF values in some brain regions
may be found in patients after LASIK, may be used as a basis
for evaluating the outcome and completion of LASIK, and
provide clues for further predicting the level of postoperative
visual acuity.

PARTICIPANTS AND METHODS

Ethical Approval The study methods and protocols were
approved by the Medical Ethics Committee of the First
Affiliated Hospital of Nanchang University (Nanchang, China)
and followed the principles of the Declaration of Helsinki.
All subjects were notified of the objectives and content of the
study and latent risks, and then provided written informed
consent to participate.

Participants In this prospective study 15 patients (6 males
and 9 females) with high myopia who underwent LASIK
surgery at the First Affiliated Hospital of Nanchang University
were randomly selected as the post-laser assisted in situ
keratomileusis (POL) group, and 15 people without other
eye diseases were selected as the healthy control group. The
baseline characteristics (age, gender, and education level)
of the two groups were comparable. POL patients were
included according to the following criteria: 1) older than
18y; 2) patients required corneal refractive surgery to improve
refractive status and had reasonable expectations of the
operation; 3) no active ocular lesions, no history of trauma,
serious systemic diseases or psychological diseases; 4) best
corrected visual acuity (BCVA) >0.8 preoperatively, and the
refractive error in diopters did not increase significantly within
two years (increase <0.50 D); 5) spherical refractive error -6.00
to -10.00 D, and cylindrical error <-3.00 D; 6) soft contact
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lens, hard contact lens and corneal shaping lens were not worn
for at least 1wk, 1, and 3mo respectively prior to surgery.
There is only one variable between the myopia patients and
healthy controls, so there will be no statistic difference. The
exclusion criteria were 1) keratoconus, glaucoma, cataract
affecting eyesight, retinitis pigmentosa, retinal detachment,
severe dry eye, abnormalities of ocular movements, ocular
active inflammation or serious ocular appendage lesions
(eyelid defect or deformity); 2) amblyopia; 3) scotopic pupil
diameter >7.5 mm; 4) central corneal thickness <450 pm;
expected residual corneal thickness after incision <280 um and
<50% of preoperative corneal thickness; 5) diabetes, immune
and collagenous diseases, scar constitution and other diseases
that affect postoperative healing; 6) suffering from mental
illness such as anxiety or depression.

Magnetic Resonance Imaging Parameters A 3.0 T MRI
scanner was required to obtain MRI data of all subjects. Before
the MRI scan, each participant was advised by the researchers
that they must close their eyes and not have any tension during
the operation, so as to make the brain and body in a natural and
relaxed state. To avoid possible head movements, we choose to
place some comfortable and soft belts and foam pads around
the head to stabilize the head. In addition, the researchers also
equipped each subject with earplugs to protect them from
the noise generated during MRI scanning. During the whole
operation, the following parameters are selected to obtain RS
fMRI data: repetition time (TR) =2000 ms, echo time (TE)=
40ms, flip angle=90°, slice thickness/gap=4.0/1 mm, field of
view (FOV)=240 mmx240 mm, in- plane resolution=64x64,
30 axial slices covering the whole brain, and 240 volumes
acquired in 8min. In addition, we acquired high-resolution
brain structural images for each subject by using a T1-weighted
3D MP-RAGE sequence (TR=1900ms, TE=2.26ms, flip
angle=9°, matrix=256x256, FOV=240 mmx240 mm,
thickness=1.0 mm, and 176 sagittal slices).

Functional Magnetic Resonance Imaging Data
Preprocessing This study refers to the method of a previous
research® and uses the same software and method to process
and analyze rs-fMRI data. Since the subjects may not adapt
to the scanning conditions at the beginning of the scanning, in
order to ensure that all images are obtained when the subject is
in a stable state, it is necessary to discard the images obtained
at the first ten time points, and then slice all the remaining
images to correct the time difference. In addition, it is also
necessary to correct the head movement to normalize the
spatial position, in all data, only the images of subjects whose
head movement translation is less than 2.0 mm and rotation
movement is less than 2.0° can enter the subsequent analysis.
Then, the processed image is subjected to 6 mm full width half
height Gaussian kernel spatial smoothing, band-pass filtering

(0.01 Hz <frequency <0.08 Hz) and de-linear drift. Due to the
inevitable potential impact of head motion, several variables
need to be introduced for regression analysis, including six
head motion parameters, cerebrospinal fluid signal and white
matter signal. Next, the image is normalized to the standard
echo-planar images (EPI) template and resampled to a voxel
size of 3x3x3 mm’ to meet the spatial standards of the
Montreal Institute of Neurology (MNI).

Dynamic Amplitude of Low-Frequency Fluctuation
Analysis Dynamic amplitude low frequency fluctuation
(dALFF) analysis is carried out in the time domain dynamic
analysis (TDA) toolkit based on DPABI”". In order to improve
the accuracy of dALFF calculation, fMRI images were band-
pass filtered (0.01-0.08 Hz). Sliding window method is the key
technology of dALFF compared with ALFF. It is a good choice
to capture potential functional related dynamic phenomena
between brain regions. In this method, a fixed length time
window is selected, that is, the window length. The data in the
whole scanned time period is divided into several sub time
periods according to the length of the time window, and the
time points in a window are respectively used to calculate
the time, and the corresponding functional connections in
the time window. Then move the window in time by a fixed
amount of time point (ranging from one time point to the
length of the whole scanning time point), which is called step
size. This period of time point defines the amount of overlap
between continuous windows. This sliding process results in
quantifying the time-varying behavior of brain activity and
functional connections during scanning. Window length and
step size are two attributes of sliding window and important
parameters for dynamic analysis. The selected window width
and step size must ensure that a sufficient number of time
points are collected to facilitate reliable calculation. Li et a/t™”
and Zalesky and Breakspear'*’ demonstrated that the window
length range of 10-75TR (step=1 TR) meets the standard. In
this study, the window length of 30TR (step=1 TR) is used to
calculate ALFF for each sliding window. In order to evaluate
the difference of ALFF, the standard deviation (SD) of ALFF
value per voxel in each window must be calculated.

Statistical Analysis SPSS16.0 (SPSS Inc., Chicago, IL, USA)
was used as a statistical analysis tool to compare demographic
and clinical data between patients after LASIK and healthy
controls. The difference between sex-based groups was
observed by Chi-square test, and the difference between age-
based groups was observed by two-sample #-test. Average age
and sex were used as covariates to compare the difference of
dALFF/ALFF between the LASIK group and hc group using
general linear model (GLM). Multiple comparisons were
corrected appling Gaussian Random-Field (GRF) method
(voxel level, P<0.01; Clustering level, P<0.05).
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Figure 1 The dALFF of R insula and R precentral gyrus decreased in cross section.

Table 1 Basic information of different groups

Parameters HCs POL t P

Male/female 9/6 9/6 N/A >0.99
Age (y) 21.58+1.55 21.82+2.92 1.247 0.945
Duration (y) N/A 7.68+2.64 N/A N/A
SE-L (D) -0.75+0.15 -0.55+0.10 0.984 0.895
SE-R (D) -0.50+0.10 -0.50+0.15 1.176 0.929
Astigmatism-L (D) -0.25+0.10 -0.15+0.15 1.023 0.907
Astigmatism-R (D) -0.15+0.15 -0.15+0.10 1.086 0.981
Color vision 15R 15R N/A >0.99
Confrontation vision field 15R 15R N/A >0.99

HCs: Healthy controls; L: Left; POL: Post-LASIK, N/A: Not applicable; R: Right; SE: Spherical equivalent; LASIK:

Laser assisted in situ keratomileusis.

Table 2 dALFF differences between HCs and POL patients

MNI coordinates of peak voxel

Brain area Brodmann area Voxel t
X Y z
POL<HCs
Rinsula 13 28 30 27 0 -4,1247
R precentral gyrus 27 60 -15 30 -3.7518

dALFF: Dynamic amplitude of low-frequency fluctuations; HCs: Healthy controls; POL: Post-LASIK; R: Right;

MNI: Montreal neurological institute; LASIK: Laser assisted in situ keratomileusis.

Support Vector Machine Analysis Dynamic ALFF levels
were used to classify data. Some of the classified data were
imported to the SVM for machine learning. To minimize
the limitation of the small sample size, cross validation was
achieved in a permutation test with 5000 repetitions. In each
permutation, the characteristics of HCs and POL patients were
randomly reassigned, and the SVM repeated the classification
process. Once all permutations had been processed, the P value
was calculated.

RESULTS

Demographics and Clinical Data The age, weight, height
and monocular refractive errors of the two groups were similar.
More details can be found in Table 1.

Differences in ALFF/dALFF A significant difference in
dALFF was found between the two groups, as shown in
Figure 1 and Table 2 with significantly lower values in the
right insula and right precentral gyrus in patients with high
myopia POL compared with HCs.

Classification Results Figure 2 showed the results of
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classification. The linear SVM classifier using Leave-One-Out-
Cross-Validation (LOOCYV) achieved an accuracy of 89.1%,
sensitivity of 94.4%, and specificity of 89.4% (P<0.001). The
receiver operating characteristic (ROC) curve of the classifier
was 0.9766.

Correlation Analysis A significant negative linear correlation
was found between dALFF of the right insula and anxiety or
depression in patients after LASIK (Figure 3).

DISCUSSION

Few studies have used SVM technology to distinguish the
characteristics of spontaneous brain activity in patients with
high myopia after LASIK from the perspective of dynamic
ALFF. While some scholars have in recent years used
resting-state fMRI to study neuronal after LASIK surgery
(Table 3)™*, our research is the first to combine dALFF with
SVM. The present study shows that the dALFF values of the
right precentral gyrus and right insula in patients with high
myopia after LASIK are lower than those of HCs (Figure 4), and
that reduced dALFF values in these two regions can be used as
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Figure 2 ROC curve analysis of the mean dynamic ALFF values for altered brain regions A: The classification accuracy of dynamic ALFF changes
of R precentral gyrus and R insula in LASIK group was obtained by leaving one cross validation method; B: ROC curve analysis of the mean dALFF
values for altered brain regions. The area under the ROC curve were 0.971 (P<0.0001; 95%Cl: 0.923-1.000) for R insula; R precentral gyrus 0.874
(P<0.0001; 95%Cl: 0.758-0.990). dALFF: Dynamic amplitude of low-frequency fluctuation; R: Right; AUC: Area under the curve; ROC: Receiver

operating characteristic curve.
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Figure 3 Correlation analysis between dALFF values of right Insula and the clinical behaviors A: The anxiety score was negatively correlated
with dALFF values (r=—0.9637, P<0.0001); B: The depression scores was negatively correlated with dALFF values (r=-0.9333, P<0.0001). dALFF:

Dynamic amplitude of low-frequency fluctuation; AS: Anxiety scores; DS: Depression scores.

classification markers to distinguish patients who underwent
LASIK from HCs.

Previous research indicates extensive regional abnormalities
in brain static neuronal activity in patients with high myopia
(Table 4)**. Experiments by Huang et al"” M7,
and Chen et al™™ in these patients show reduced ALFF values

, Guo et a

in the bilateral frontal lobe, middle temporal gyrus, insular
lobe, right inferior parietal lobule and left occipital lobe, and
significantly increased ALFF values in the left caudate nucleus,
left central posterior gyrus, left wedge lobe, left inferior
parietal lobule and thalamus. Less recent research compared
spontaneous neuronal brain activity in patients with high
myopia before and after LASIK. They found that after LASIK
ALFF values decreased significantly in the left superior
marginal gyrus and the right inferior frontal triangle gyrus
and increased in the left parahippocampal gyrus, cerebellar
vermis and left posterior cingulate cortex'”. It is interesting to
note that abnormalities were limited to the right insula in the
present study, with no indication of the abnormalities reported
previously and summarized above in patients treated with
LASIK compared with controls, providing evidence of the high
effectiveness and reliability of LASIK. In addition, however,

Decreased dALFF

@ Impaired visual function

Figure 4 The mean dALFF values of altered brain regions Compared
with the HCs, the dALFF values of the following regions were
decreased to various extents: 1- R insula (t=-4.1247), 2- R precentral
gyrus (BA 40, t=-3.7518). dALFF: Dynamic amplitude of low-frequency

fluctuation; HCs: Healthy controls; BA: Brodmann’s area.

decreased dALFF values were found in the right precentral
gyrus, an area not previously found to show abnormal activity in
this group, and perhaps suggesting an adverse effect of LASIK
on the right precentral gyrus.

The precentral gyrus is located in the frontal lobe of the
cerebral cortex'”, between the central sulcus and the central
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Table 3 Resting-state fMRI studies on patients after LASIK surgery

Author Year Method Conclusion

Yu et al” 2020 ALFF There were significant fluctuations of ALFF values in specific brain areas between the same patients before and after Lasik surgery
Malecaze et al*® 2001 fMRI Abnormal activation of visual cortex occurred in patients after LASIK

Vuori et a/*! 2011  mffMRI Refractive surgery (including LASIK) in anisometropic adult patients induce plastic changes in primary visual cortex

LASIK: Laser assisted in situ keratomileusis; ALFF: Amplitude of low-frequency fluctuations; fMRI: Functional magnetic resonance imaging;

mffMRI: Multifocal functional magnetic resonance imaging.

Table 4 Rs-MRI method applied in myopia patients in the current literatures

Method

Abnormal brain areas

Author Year

Decreased values

Increased values

Guoetal™ 2010 ALFF
Huangetal®® 2016  ALFF
Hu et o/ 2018  DC

Zhaietal® 2016  FCD

frontal lobe, R IPL
MTG, IFG, R IPL
R IFG, R MFG, R SMG, R IPL
Short-range FCD: R PCC/preCun; L PCC/preCun; Long-range FCD: R PCC/preCun; L ITG; R SMG; R rIPFC -

LCN, thalamus, occipital lobe
MCC, L IPL
L PreCG, L PosCG, R CPL, R MCG

IPL: Inferior parietal lobule; LCN: Left caudate nucleus; MTG: Middle temporal gyrus; IFG: Inferior frontal gyrus; MCC: Midcingulate cortex; MFG:

Middle frontal gyrus; SMG: Supramarginal gyrus; PreCG: Precentral gyrus; PosCG: Postcentral gyrus; CPL: Cerebellum posterior lobe; MCG:

Middle cingulate gyrus; PCC: Posterior cingulate cortex; preCun: Precuneus; ITG: Inferior temporal gyrus; rIPFC: Rostrolateral prefrontal cortex;

R: Right; L: left.

anterior sulcus which is parallel to the central sulcus on the
ascending side of the frontal lobe. The precentral gyrus is an
important structure of the frontal lobe, and contains numerous
giant pyramidal cells. The fibers emitted by pyramidal
cells in this area form a pyramidal system, terminating
in the motor cells of the anterior horn of the spinal cord.
Therefore, the precentral gyrus is the motor center, containing
many motor nerve fibers and its function is closely related
to motor preparation and execution. It controls the fine
random movement of the contralateral half of the body (so
right precentral gyrus injury may cause left hemiplegia,
and vice versa) and is the origin of the corticospinal and
corticomedullary tracts. Some proprioceptive fibers also
project to the precentral gyrus™*". In addition, injury of the
left precentral gyrus can reportedly lead to isolated nerve
paralysis”®, foreign accent syndrome”, motor aphasia®* and
other harmful effects. Therefore, the abnormal decrease of
dALFF values in the right precentral gyrus after LASIK is a
reminder of the need to track the health status of patients after
LASIK and to pay attention to the possible adverse reactions.
The precentral gyrus belongs to the primary motor area
and is involved in processing of a variety of motor function
signals including not only neural circuits with the spinal
cord, pons and thalamus, but also multiple complex circuits
with the auxiliary motor area in the motor cortex. Functional
connections between the anterior central gyrus and the limbic
lobe, basal ganglia, cerebellum, parietal lobe, frontal lobe and
other brain regions may help to explain the decrease of dALFF
values in the right precentral gyrus after LASIK.

The insula is located in the deep part of the lateral fissure of
the brain and is covered by the frontal lobe, temporal lobe
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and parietal lobe"™. The central sulcus of insula divides the
insula into anterior and posterior regions”**". The anterior
insula forms the limbic system together with the marginal lobe,
amygdala, anterior thalamic nucleus, hypothalamus, midbrain
tegmental, frontal orbital surface and other structures, is
widely connected with reticular structure and cerebral cortex,
and is adjacent to the important primary auditory center,
language center and basifacial sensory and motor areas"".
It is worth noting that the insula has extensive nerve fiber
connections with surrounding structures so its functions are
complex, synthesizing and connecting diversified information
in the brain. It has relay station-like role and participates in
processing visceral sensation, visceral movement, vestibular
sensation, attention, pain, emotion, language, movement,
music, diet and other related information. Its function is
also related to taste, vision, smell, hearing and touch”™”. The
insula has four network structure regions: middle posterior,
anterior ventral, anterior dorsal and central regions, which
are related to motor sensation, social emotion, cognition,
smell and taste respectively. A previous study showed that
the anterior insula is an important part of social emotion®”.
The anterior ventral and anterior base of the insula play
important roles in the generation and regulation of emotion.
The anterior base of the insula may be related to empathy™®".
It plays a connecting role between emotional processing and
mirror nervous system, senses the pain feelings of others, and
enables itself to match the painful feelings of the observed
object. In addition, the insula may participate in regulation of
autonomic nervous system function'®”. The right insula mainly
regulates sympathetic nerve function, and its injury diminishes

activity of this system as well as emotion, resulting in reduced
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Figure 5 The relationship between changes in internal eye states and vision, brain activity, and emotional state.

Table 5 Brain areas with changed dALFF values and the potential impacts

Brain areas Experimental result Brain function Anticipated results
Rinsula LASIK<HC Social emotion, cognition, motor sensation, taste and smell Depression, mood disorder, schizophrenia
R precentral gyrus LASIK<HC Motor control Hypoactivity of this region

dALFF: Dynamic amplitude of a low-frequency fluctuation; R: Right; LASIK: Laser assisted in situ keratomileusis; HC: Healthy control.

allergic response and decline of willpower and action'**",

Previously, positron emission tomography (PET) and fMRI
studies suggested that the insula was involved in the course of
mental illness' such as mood, panic, obsessive-compulsive
and post-traumatic stress disorders and schizophrenia. Li et
al® Lanzenberger et al®”, and Su et al'¥ found significantly
altered morphology and metabolism of the cerebral insula in
patients with depression. The correlation between HADS score
and dALFF value of the right insula in patients after LASIK in
the present study suggests that LASIK has not improved mood
(anxiety and depression) and indicates a need for awareness of
postoperative emotional changes in patients and for prevention
of harmful outcomes such as depression, cognitive impairment
and neurasthenia (Figure 5).

In general, our results verify that the sliding window-based
dynamic ALFF method can be used to describe the dynamic
functional separation of brain networks, and has high
sensitivity to altered spontaneous neural activities. In addition,
we found fluctuations in dALFF values in specific brain
regions of POL patients, providing an indicator for prediction
of postoperative recovery level in patients, and suggesting a
need to prevent potential adverse events that may occur after
LASIK (Table 5).

However, our study has some limitations. For example: 1) the
small sample size may affect accuracy of the results; 2) other
factors, such as the patient’s own health status, preoperative
myopia and the length of the disease course, will affect the
patient's recovery level and variance in these factors increase
the uncertainty of the results. Despite its limitations, our study
detected changes in local brain activity after LASIK. In future
research, we will optimize the research protocol for high
accuracy and certainty of results.
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