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Abstract
Introduction:Chunamanual therapy (CMT) is a type ofmanualmedicine practiced byKoreanmedical doctors in SouthKorea. Spinal
diagnosis in CMT uses a system that applies manual diagnostic and X-ray tests to detect specific vertebral malpositions, based on the
relative alignment across vertebral bodies. Recently, artificial intelligence (AI) programs have been developed to assist in the radiological
diagnosis of CMT using X-ray images. Nevertheless, a few clinical studies have reported on the concordance between diagnosticians,
diagnostics methodologies, and the use of AI programs for diagnosing CMT. At present, the evidence to support CMT diagnosis is
insufficient. This study thus aims to overcome such limitations by collecting and comparing CMT diagnostic data from experts and non-
experts through manual diagnosis, X-ray test, and images obtained using an AI program. The study aims to search for CMT diagnosis
methods with more outstanding rationality and consistency and to explore the potential use of AI-based CMT diagnosis programs.

Methods/design: This study will be conducted as an exploratory, cross-sectional, prospective observational study that will recruit
100non-specialist subjects. Eachsubjectwill submit a signedconsentafter the screening test andundergoL-spine standingAP& lateral
X-ray imaging.ManualCMTdiagnosiswill beperformedby3CMTexperts according to the standard operationprocedure (SOP). TheX-
ray images of the 100 subjects will subsequently be used to make the CMT radiological diagnoses according to the same SOP by the
CMT expert group (n=3) and CMT non-expert group (n=3). Among the subjects, those in the non-expert group will receive another
CMT radiological diagnosis with spinal data obtained using the AI program, approximately 1month from after initial diagnosis.
Based on the collected diagnostic data, within- and between-group concordance levels will be assessed for each diagnostic

method. The verified level of concordance will be used to test the potential use of CMT diagnostic method and CMT AI programs with
high levels of rationality and consistency.

Ethics and dissemination: This trial has received complete ethical approval from the Wonkwang University Korean Medicine
Hospital (IRB 2021–8). We intend to submit the results of the trial to a peer-reviewed journal and/or conferences.

Trial registration: https://cris.nih.go.kr/cris/search/detailSearch.do?search_lang=E&search_page=M&pageSize=10&page=
undefined&seq=20613&status=5&seq_group=20613, Identifier: KCT0006707.
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Abbreviations: AI = artificial intelligence, CMT = chuna manual therapy, CRF = case report form, IRB = institute review board,
KMD = Korean medical doctor, KSCMMSN = chuna manual medicine for spine and nerves.
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1. Introduction

Chuna manual therapy (CMT) is a method of manual therapy
practiced by Korean medical doctors (KMDs) through the use of
their hands, other body parts, or an assistive tool, such as the
Chuna table, to apply an effective stimulation to the patient’s
body so as to treat a structural or functional problem.[1] CMT
was listed in the National Health Insurance Coverage in South
Korea in 2019,[2] and since then, valid effects have been reported
for various musculoskeletal diseases.[3,4]

The spinal diagnosis system in CMT examines the upper
vertebral bodies based on their relative position to the lower
vertebral bodies, with standard kinetic viewpoints.[5] Such CMT
diagnoses most commonly apply a manual diagnosis that locates
the spinal bony landmarks in the patient.[1] Recently, to
overcome the limitation of manual diagnosis in the evaluation
of spinal alignment and improve diagnosis reproducibility, CMT
diagnosis methods that use radiological devices, such as X-rays,
have attracted increased interest as have other manual medicine
methods, including osteopathy and chiropractic.[6,7] In addition,
recent attempts to measure spinal angles or diagnose spinal
diseases have used artificial intelligence (AI) programs, such as
conventional neural networks or deep learning.[8] Positive results
have also been reported for the AI programs to detect the lumbar
vertebral landmarks in relation to CMT diagnosis.[9]

Nevertheless, the clinical evidence for such CMT-based spinal
diagnosis methods is insufficient at present. Despite a number of
studies that have investigated the concordance in manual medical
diagnostic methods including CMT,[10] the lack of adequate
levels of evidence or reliability in manual medicine evaluation has
been pointed out in systematic reviews of clinical studies on
manual medical diagnostic methods regarding nonspecific
lumbar pain.[11] Another limitation is the insufficient number
of clinical studies regarding CMT diagnosis compared to those
regarding other diagnosis methods in manual medicine. More-
over, there is either a general or complete lack of studies on the
concordance between diagnosticians, diagnostic devices, and the
clinical use of AI programs in CMT diagnoses.
In this study, the concordance between diagnosticians and

diagnostics used for each CMTdiagnosis method commonly used
in clinical practice will be compared to collect evidence to support
the best use of CMT diagnosis methods. More effective CMT
diagnosis methods will be explored, and the positive effects of
CMT AI programs in clinical practice regarding diagnosis
concordance and accuracy will be investigated, to provide basic
data to test the potential use of AI programs in future clinical
CMT applications.
2. Objectives

In this study, based on the CMT diagnosis of the lumbar spine, 4
diagnosis groups will be constructed;
1.
 CMT expert group (n=3) for manual diagnosis;

2.
 CMT expert group (n=3) for radiological diagnosis;

3.
 CMT non-expert group (n=3) for X-ray radiological

diagnosis;
2

4.
 CMT non-expert group (n=3) for AI-based X-ray radiologi-
cal diagnosis.

The results will be collected for the specific diagnosis
performed on the study subjects. Within- and between-group
concordance levels will be subsequently compared to search for
clinically effective CMT diagnosis methods. The potential use of
the AI-based CMT diagnosis program will also be verified.
3. Methods

3.1. Trial registration

This study has been registered in the Cris.nih.go.kr (Trial
registration number: KCT0006707; protocol version 1.2; https://
cris.nih.go.kr/cris/search/detailSearch.do?search_lang=
E&search_page=M&pageSize=10&page=undefined&seq=
20613&status=5&seq_group=20613).
3.2. Study design

This study is an exploratory, cross-sectional, prospective
observational study. The number of subjects to be recruited is
100, and data from patient enrolment, manual diagnosis by CMT
experts, to X-ray imaging are to be collected at the Wonkwang
University Korean Medicine Hospital, Iksan, South Korea. CMT
diagnostic data obtained from X-ray images are to be collected at
the Catholic Kwandong University International St. Mary’s
Hospital, Incheon, South Korea, where CMT expert and non-
expert groups are defined.
The study flow chart and its details are presented in Figure 1.

The recruited subjects will be provided with an adequate and
detailed explanation on the study, after which they will submit
signed consent. The enrolled subjects will visit the study center at
least twice. The subjects will undergo screening (visit 1), and after
submitting consent, they will be examined to verify whether they
are participating in another clinical study and identify their
demographics and basic physical data (height, weight, body mass
index, and vital signs). Inclusion and exclusion criteria will also
be applied. The finally-selected subjects will undergo subsequent
steps (visit 2), and after being assigned with an individual
registration number, they will receive a basic physical examina-
tion, an evaluation of lumbar pain, and an X-ray test (L-spine
standing AP & Lateral). Next, the same subjects will undergo a
manual CMT diagnosis by each of the 3 CMT experts, and the
relevant information will be documented in the case report form
(CRF). All subjects will undergo identical diagnoses, without
being divided into specific groups. The steps at visit 1 and visit 2
may be performed on identical dates, and of the steps at visit 2,
the X-ray test and CMTmanual diagnosis (or palpation) may not
be performed within a single day, in which case the respective
subject will make a third visit within a week from visit 2. After
completing all scheduled visits, the subjects will no longer be
required to make further visits. The CMT manual diagnosis and
X-ray test will be performed once for each subject.
The X-ray images of the 100 subjects collected at the

Wonkwang University Korean Medicine Hospital will be
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Figure 1. Flow chart of the study.
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anonymized in a DICOM format that removes the subject
identification data and then transferred to the Catholic
Kwandong University International St. Mary’s Hospital. Using
these images, the CMT diagnosis will be performed indepen-
dently by CMT expert and non-expert groups (3 individuals in
each group). To prevent learning effects, the CMT non-expert
group will perform the radiological diagnosis once more after
around a month, using the same X-ray data, but this time, with
the assistance of an AI program to define the relative position of
the lumbar vertebral bodies for CMT diagnosis.
The investigators responsible for the clinical study, who

participate in the process of diagnosis, will comply with the same
standardoperationprocedure (SOP) for eachdiagnosismethod.The
diagnosis results collected in this study will be analyzed for within-
and between-group concordance levels per diagnosis method.
3.3. Inclusion and exclusion criteria

Inclusion criteria
1.
 Adult male or female aged 20 to 60 years

2.
 Ability to understand the study protocol and agrees to

participation, and who voluntarily signs the institute review
board (IRB)-approved consent form
3.
 No communication problems during the physical examination
and X-ray test

Exclusion criteria
1.
 Past trauma or surgery that may induce a structural problem in
the lumbar spine (e.g., osteoporosis, fracture, and lumbar
spine surgery)
2.
 A history of disease that may induce a structural change in the
lumbar spine (e.g., congenital spinal deformity, ankylosing
spondylitis, idiopathic scoliosis, and tumor)
3

3.
 An obesity factor of mid to high severity based on BMI (>30
kg/m2) that prevents manual spinal diagnosis
4.
 A history of psychotic disorder, alcohol addiction, or drug
addiction
5.
 Pregnant mothers or women planning pregnancy

6.
 Other individuals deemed unsuitable for the study by the

principal investigator

3.4. Sample size calculation

As this study is an exploratory clinical study, it was deemed
unnecessary to calculate the sample size using the standard
formula. The guideline of the evaluation of clinical effectiveness
of AI-based medical devices (Ministry of Food and Drug Safety,
South Korea, 2019) suggests that, for cases where the sample size
cannot be estimated using a statistical method, the required
number of subjects may be calculated in reference to relevant data
(e.g., a published clinical study, etc.).[12] The estimated number of
subjects was 100 based on a review of previous studies related to
this 1;
1.
 a study by Lee et al that analyzed the concordance between the
CMTmanual diagnosis and radiological diagnosis (n=22)[13];
2.
 a study that compared the results of expert/non-expert/AI
diagnosis of spinal alignment using X-ray images (n=35)[14];
3.
 a study that compared the X-ray angles between experts and
non-experts to test a program that automatically detects the
Cobb’s angle in scoliosis.[15]

3.5. CMT diagnosis panel
3.5.1. CMT expert group. The CMT expert group contains 3
KMD members who satisfy at least 1 item of the following
criteria:

http://www.md-journal.com
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1.
 A specialist with the certification of Korean Medicine
Rehabilitation
2.
 A certified lecturer or educational board member of the
Korean Society of Chuna Manual Medicine for Spine and
Nerves (KSCMMSN)
3.
 An individual who completed the regular workshop of the
KSCMMSN
4.
 An individual with a published study regarding the spinal
CMT diagnosis

3.5.2. CMT non-expert group. The CMT non-expert group
contains 3 KMDmembers who perform CMT in clinical practice
but do not satisfy the aforementioned criteria of the CMT expert
group.
3.6. CMT diagnosis methods in this study
3.6.1. Overview of CMT diagnosis. In CMT diagnoses, spinal
alignment is assessed based on the relative 3D motion and
alignment of the upper vertebral bodies to the lower vertebral
bodies along 3 axes; vertical, anterior-posterior, and medial-
Figure 2. Classification system of spinal align

4

lateral.[5] With the neutral position as the base, malpositions
related to the flexion and extension, right/left rotation, and right/
left lateral bending are examined. Each malposition may appear
on its own or in combination on a single lumbar level. In addition,
for cases where axial alignment is disrupted or upper vertebral
bodies show a slip in relation to the lower vertebral bodies, the
diagnosis is –lithesis; anterolisthesis, retrolisthesis, or laterolis-
thesis, according to the direction of the slip (Fig. 2).
Amore refined spinal alignment assessment is performed based

on3 broad categories:
1.
me
Any abnormality regarding CMT spinal alignment;

2.
 The position of the lumbar level (multiple positions may be

recorded) for the diagnosis of an abnormal CMT spinal
alignment;
3.
 The type of abnormality for the CMT lumbar level with a
problem.

The panel diagnosis is to be based on answering questions
under these 3 categories, while each is completely separate from
the other, to prevent interference or interactions between
investigator responses.
nt diagnosis in Chuna manual therapy.
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3.6.2. Palpation (manual) diagnosis. The CMT experts
performing the manual diagnosis will follow the same SOP
described below, which combines key contents from CMT
textbooks and published articles for a manual diagnosis of spinal
alignment.[1,16]
3.7. Assessment of flexion/extension and rotation lateral
bending malpositions

The subjects are guided to maintain the neutral position without
flexion or extension of the spine, while the overall transverse and
spinous processes are manually examined from the sacrum base
to the lumbar spine to determine the positional characteristics
across each segment.
The subjects are then guided to show the flexion, extension,

left/right lateral bending, and left/right rotation motions, and as
in 1), the transverse process of each motion is manually examined
to assess the changes to the alignment at specific segments in
contrast to the neutral position.
The spinal level with flexion or extension malposition is

determined based on the reduced motion in comparison to the
normal lumbar segments in the respective posture. Also, the
spinal segments with left/right rotation or lateral bending
malposition are determined based on reduced motion, in
comparison to normal lumbar segments in the rotation or lateral
bending of the opposite direction.
At the completion of all tests, the investigator records the

defined type in the CRF.

3.7.1. Assessment of anterolisthesis, laterolisthesis, and
retrolisthesis[17]. The subjects are guided to maintain the neutral
position without flexion or extension of the spine.
The investigator stays behind the subject to monitor and assess

the alignment of the spinous process of the lumbar spine and the
symmetry of skin folds around the spine.
The investigator then manually examines the lumbar spine

along the spinous process to assess any areas of dents or
protrusions or bending towards a side away from the sagittal
axis. If a dent is found upon the manual examination of the
spinous process, the diagnosis is anterolisthesis. If a posterior
protrusion is found, the diagnosis is retrolisthesis. If the
spinous process is bent away from the central line of the spine
despite the lack of abnormalities in 1), the diagnosis is
laterolisthesis.
At the completion of all tests, the investigator records the

defined type in the CRF.

3.7.2. X-ray test. The radiological diagnosis using X-ray images
is performed by 2 groups; the CMT expert group (n=3) and the
CMT non-expert group (n=3). The 2 groups receive anonymized
lumbar X-ray AP and lateral view data in a file format, and,
according to the same SOP used in prior CMT radiological
diagnosis studies, the diagnosis is made based on the positions of
vertebral bodies and the relative positions of surrounding
structures.[6] The spinal radiological examination results are
based on the same categorization system and recorded in the
same CRF documents used in manual diagnosis.

3.7.3. X-ray test using an AI program. An artificial intelligence
(AI) program based on convolutional neural networks will be
used in this study. CNNs are widely used in medical image
analysis field due to their excellent performance. The AI
program will be trained to automatically detect the vertebral
5

feature points of the lumbar spine. The detailed program
structure is described in reference 11. The AI program suggests
the locations of 4 feature points per a vertebra. Figure 3 shows
an example of the feature point locations suggested by the AI
program. The performance of the AI program was reported with
a success rate of 99.7% and a position error of 4.54±3.00
pixels.[9]

The CMT non-experts (n=3) who perform the radiological
diagnosis will once more be provided with the X-ray images,
which will be identical to the previous ones, around a month after
the initial diagnosis, together with an AI program. They will then
use the AI program to perform a CMT radiological diagnosis
based on the reference points suggested by the AI program, to
assist with the detection of the positions of vertebral bodies in the
lumbar spine. The results will all be recorded in the same CRF
used in the manual and radiological diagnoses.
3.8. Recruitment, randomization, blinding, and non-
blinding

The subject recruitment ad will be posted on the hospital notice
boards and websites of Wonkwang University Korean Medicine
Hospital. All ads to be used in this study will first be approved by
the IRB.
This study is an exploratory, cross-sectional, prospective

observational study that does not involve randomization or a
process related to blinding. However, to prevent evaluation bias,
an independent investigator will perform the subject screening,
collection of demographic data, and analysis of baseline health
and medical history. All investigators in the CMT diagnosis will
also be assigned an independent space to perform the evaluations,
while any unnecessary talks or contact among different
investigators or with subjects will be prevented during the
evaluations, so that the investigators cannot acquire knowledge
of the diagnosis results of other investigators. The investigators
that perform the radiological diagnosis will solely use anony-
mized X-rays images, while appropriate measures will be applied
to prevent the investigators from sharing the diagnosis data
among themselves.
3.9. Study outcomes

Within-group concordance between diagnosticians per diagnosis
method
For the within- and between-group comparisons of the CMT

diagnosis results, the following categories are set to evaluate the
concordance. Through this, the concordance between diagnos-
ticians can be compared for each diagnosis method, to determine
the methods with higher concordance levels.
1.
 Concordance regarding spinal alignment abnormalities

2.
 To evaluate concordance in relation to spinal alignment

abnormality, an individual must show at least 1 single lumbar
level abnormality.
3.
 Concordance regarding the lumbar level with a spinal
alignment abnormality
4.
 To evaluate the concordance in relation to the lumbar level
marked for spinal alignment abnormality.
5.
 Concordance regarding the type of spinal alignment abnor-
mality

To evaluate the concordance in relation to the type of spinal
alignment abnormality.

http://www.md-journal.com
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3.9.1. Between-group concordance per diagnosis method.
For the aforementioned spinal alignment abnormality, the
lumbar level with the spinal alignment abnormality, and the
type of spinal alignment abnormality, the diagnosis concordance
is evaluated as follows.
1.
 Concordance regarding the manual and radiological diagno-
ses by the CMT expert group
2.
 Concordance regarding the manual diagnosis by the CMT
expert and CMT non-expert groups
3.
 Concordance regarding the manual diagnosis by the CMT
non-expert group and that using an AI program
4.
 Concordance regarding the AI-based diagnosis by the CMT
non-expert group and the radiological diagnosis by the CMT
expert group

3.9.2. Monitoring of early termination, dropout, safety, and
adverse events.As no specific intervention will be applied in this
exploratory study for diagnostic purposes, no additional analysis
will be carried out on early termination, dropout, safety, or
adverse events.

3.10. Statistical analysis
3.10.1. Demographic data and subject characteristics prior
to treatment. The subject demographics and base characteristics
will be analyzed using descriptive statistics. For continuous
variables, the number of observed values, mean, standard
deviation, median, and 25% and 75% percentiles will be used.
6

For categorical variables, the frequency and percentage will be
used.

3.10.2. Concordance analysis. To analyze the concordance
levels for the results obtained by the 3 investigators in each group,
the Fleiss’ Kappa evaluation will be used to determine the
between-diagnostician concordance. If necessary, the Cohen’s
Kappa evaluation will be used to determine the between-
investigator/group levels. For missing values, the Akaike
information criterion will be applied.
3.11. Data collection, access, management, and
monitoring

All subject identification data will be anonymized using initials,
and the data collected in this study will be recorded immediately
in the relevant documents and the CRF. All subjects will maintain
confidentiality of the results. All documents related to this study
will be stored in a secure, isolated space according to the IRB
regulations at Wonkwang University Korean Medicine Hospital.
The data obtained in this study will be anonymized, and data
access will be restricted to the investigators participating in the
study and those included in the consent form, after approval from
the principal investigator. All participating investigators will
maintain confidentiality of the clinical outcomes.
Data management will be performed according to the clinical

trial regulations at Wonkwang University Korean Medicine
Hospital. An independent monitoring will also be performed
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according to hospital regulations at Wonkwang University
Korean Medicine Hospital, to ensure the study is conducted in
compliance with the clinical study protocol and the Korea Good
Clinical Practice. During the monitoring period, the CRF will be
reviewed based on a comparison with the evidential documents,
to ensure the records are clear and complete.
3.12. Ethics and Dissemination
3.12.1. Research ethics approval. This trial has received
complete ethical approval from the Ethics Committee of
Wonkwang University Korean Medicine Hospital (IRB 2021–8).

3.12.2. Protocol amendments. If protocol amendments are
necessary, the relevant contents will be discussed with the
principal investigator. If the clinical study protocol requires
amendments, IRB approval will first be obtained. However, if in
an emergency case occurs during the study period that demands
the immediate treatment of the subject, the protocol may be
altered, and the change will be reported to the IRB afterwards.

3.12.3. Consent. The recruited subjects will be given an
adequate and detailed explanation of the study by an investigator
who will not participate in the diagnostic process. If a subject has
a question regarding the study flow, a request for adequate
explanation can be made to the investigators participating in the
study. The subjects who agree to participation in the study will
subsequently submit a signed consent form.

3.12.4. Confidentially. All subject identification data will be
anonymized using initials or symbols. All contents related to the
results of the clinical study will be privately maintained by each
diagnostician, who will also store the signed consent from the
subjects and create a list of data that contains the subject’s name,
identity, and registration number for future reference.

3.12.5. Declaration of interests. None.

3.12.6. Rescue therapy and post-trial care. This study will be
conducted as an exploratory, cross-sectional, prospective
observational study to collect the diagnostic results. As it does
not involve clinical interventions, no additional regulations will
be developed regarding post-trial care. However, if an emergency
occurs during data collection, appropriate measures will be taken
in accordance with the emergency protocols at Wonkwang
University KoreanMedicine Hospital and in compliance with the
Korea Good Clinical Practice guidelines and the revised version
of the Declaration of Helsinki, to ensure ethical and scientific
considerations.

3.12.7. Dissemination policy. The findings in this study will be
disseminated through peer-review journals and/or conference
presentations.
4. Discussion

The purpose of this clinical study is to compare and collect the
evidence of the diagnostic concordance between diagnosticians
and the diagnostics most widely used and well-known in CMT.
The study has the following advantages: First, among the studies
published so far regarding CMT diagnosis, this study proposes a
design based on the largest number of cases and diagnosticians.
Previous studies either had a very small number of cases or relied
solely on a single diagnostician to pose a difficulty in defining
sufficient rational evidence of the diagnosis outcomes.[13] Thus,
7

it is anticipated that the present study will provide the basic data
for establishing a higher level of evidence in the CMT diagnostic
field.
Second, most previous studies on manual diagnoses obtained

the diagnoses based on the personal experience of the
diagnostician, without an established SOP and compared the
outcomes. On the contrary, the diagnosis in this study is
performed according to an SOP that was produced using the
contents of regular educational courses conducted by all Korean
Medicine colleges in South Korea and by the KSCMMSN. The
type of diagnoses are also specified based on the respective spinal
abnormality, lumbar level with abnormality, and type of
abnormality, to allow an in-depth analysis of the items with a
high level of diagnostic concordance and those with a low level of
concordance. Through this process, the rational diagnostic
capabilities of current regular educational courses can be verified.
The study will also provide basic data for developing further
diagnostics or educational methods for items with a high error
rate. In addition, comparing the manual diagnosis results
between the CMT expert and non-expert groups is likely to
induce additional discussions on methods for improving
diagnoses by non-expert groups.
Lastly, the significance of this study lies in its being the first

clinical study to apply an AI program in CMT as well as in the
field of manual medicine, to the best of our knowledge. For CMT
radiological diagnoses assisted by an AI program, the potential
use of AI-based CMT diagnosis programs in clinical practice can
be tested by determining whether the methodology results in an
improvement in diagnostic concordance by CMT non-experts
compared to CMT experts.
While this is an exploratory study, its findings are anticipated

to provide basic data for identifying CMT diagnosis methods
with high levels of rationality and evidence and in the
development of CMT AI programs. Furthermore, the study
results will lead to additional clinical studies that use CMT
diagnosis methods and AI programs with reinforced evidence.
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