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ABSTRACT

Guang Yang, Narisara Premsri, Rujira Nonsa-ard, Hao Gao,
Terdthai Tong-un, Orathai Tunkamnerdthai, Naruemon
Leelayuwat. Effects of Qigong Combined with Wai Khru Muay Thai
on Neck Movement, Thoracic Kyphosis, and Cognition in Older
Adults with Mild Cognitive Impairment: A Randomized Control Trial.
JEPonline 2025;28(2):10-32. This study evaluated the effects of
Qigong combined with Wai Khru Muay Thai (KKQ) on neck
movement, thoracic kyphosis, and cognition in older adults with mild
cognitive impairment. The correlation between both spinal
abnormalities and cognition was examined. In an acute experiment
(pre-intervention), participants in the Control Group (CG) and the
Exercise Group (KKG) performed a 30-minute reading/KKQ. Post-
intervention, the CG and the KKG performed sedentary life and 60-
minute KKQ/day, 3 days/week, 12 weeks, respectively. Pre- and
post-intervention cognition were assessed and responses of both
spinal abnormalities to a single bout of KKQ/reading was measured.
The results showed that spinal abnormalities were improved after
acute and training without any correlation with cognition (P < 0.01).
In conclusion, KKQ improved spinal abnormalities after acute
experiments with more consequences after training in older adults
with mild cognitive impairment. Also, the training increased cognitive
function independently of the improved spinal abnormalities.

Key Words: Cognition, Khon Kaen Qigong, Spinal Abnormalities





11
INTRODUCTION

This article is from a multidisciplinary investigation on the effects of a novel exercise, Khon
Kaen Qigong (KKQ), on multiple body systems in older adults with mild cognitive impairment
(MCI). Previous publications have reported its exercise intensity (36), acute effects on heart
rate variability (16), cardiopulmonary (36) responses, and training effects on psychological
responses and physical fitness (17) in older adults with normal cognitive function. This article
is the first that focuses on describing the influences of KKQ’s acute and training effects on
neck movement and thoracic kyphosis and training effect on cognitive function in older adults
with mild cognitive impairment (MCI).

By 2050, Thailand’s elderly population is estimated to reach 30% of the whole population (31).
During aging, around 100,000 neurons degenerate daily, causing cognitive dysfunction and
postural issues (10). Mild cognitive impairment (MCI) lies between normal aging and
dementia (23) and can be assessed by Montreal Cognitive Assessment (MoCA) Test Scores
(4). Much evidence suggest that cervical spine health may influence cognitive function
(29,37). Previous studies also demonstrate that poor cervical mobility, particularly forward
neck bending, can affect carotid artery patency, leading to reduced cerebral blood flow and
increased risk of cognitive impairment (29,37).

In addition, thoracic kyphosis has multiple negative impacts related to MCI (7). The spinal
posture can be considered as an indicator of latent cognitive decline in community-dwelling
older population (22). It restricts breathing and could make the head lean forward (24), which
contributes to compressing neck blood vessels that affects brain blood and oxygen supply
that also increases the risk of MCI (29,37). Aerobic exercise was reported to reduce central
arterial stiffness that leads to an increase in cerebral blood flow, which may contribute to
improved neurocognitive function in patients with MCI (28). Therefore, improving both cervical
and thoracic abnormalities seem to have a positive influence on cognitive function for these
patients.

Khon Kaen Qigong (KKQ) integrates Chinese exercises (Baduanjin and Wuginxi Qigong) with
the Thai martial art, Muay Thai (Wai Khru session). Both modes of exercise focus mind and
body comprising simple and slow movements and high concentration. It also includes
breathing exercises during the whole-body movements that target the neck, shoulders, trunk,
and lower limbs (36), which potentially benefits the neck and thoracic movements.
Importantly, both modes of the exercise are deeply rooted in the Chinese and Thai culture
and tradition that provides a connection to history and lineage. This cultural aspect can be a
significant motivator and source of inspiration for some practitioners. Taken together, KKQ
seems to be suitable for the elderly to improve their structure and movement of the spine.

Based on literature reviews, Baduanijin reduces pain and improves cervical spine range of
movement in middle- and elderly participants with neck pain (13,19). Although Wugqinxi
reduced neck pain and improved disability, it had no effect on neck movement (13).
Furthermore, there are no prior research papers on thoracic kyphosis by Wuginxi and
Baduanijin. Also, there are no previous articles on both spinal abnormalities by Wai Khru
Muay Thai. In addition, previous studies in Baduanjin (13,35) and Wuginxi (11) showed
improved MoCA in older people with MCI. To date, no studies have examined the acute and
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training effects of Wai Khru Muay Thai and KKQ on neck movement, thoracic kyphosis, and
cognitive function in older adults with MCI.

Hence, the purpose of this study was to investigate the acute and training effects of KKQ on
neck movements and thoracic kyphosis in adults 60 to 75 years of age with MCI. Also, this
study explored the training effects on cognitive function in the participants. The third purpose
was to examine the training effect on a correlation between both spinal abnormalities and
cognitive function. We used a relaxation activity that involved reading Buddhist scriptures as
a Control Group at the start of the experiment to assess the acute effects, while a sedentary
lifestyle as a Control Group served to evaluate the training effect. The hypothesis posits that
KKQ improves neck movement, thoracic kyphosis following acute condition and improves
spinal abnormalities and cognition after training among older adults with MCI. In addition, we
hypothesized that the improvement in the spinal abnormalities will contribute to the increase
in cognitive function.

METHODS

Experimental Design and Setting
This was a randomized control, open-blinded, trial performed at the Faculty of Medicine,
Khon Kaen University, and communities, Khon Kaen, Thailand.

Participants

The study was approved by the Khon Kaen University Ethics Committee for Human Research
based on the Declaration of Helsinki (EC) on June 8, 2021. It was registered in the Thai
Clinical Trials Registry (TCTR20211228001) on December 28, 2021. The recruitment ranged
from June 2021 to September 2022 from the community near Khon Kaen University in
Thailand through advertising on university and city websites and direct contact with staff and
participants.

The exercise sample size estimated for this study was based on neck movement. G*Power
3.1.9.4 (Heinrich-Heine-Universitat Dusseldorf, Disseldorf, Germany) was used to estimate
the required sample size. Based on the calculation, estimated sample size was 60 people in
2 groups of 30 with a power of 80% to detect changes and an alpha of 5% (a Cohen effect
size was set at 0.45). The dropout rate was set at 20%.

Before the experiment started, all the participants were told verbally and in writing about the
experiment including possible risks before voluntarily signing the consent form. They were
recruited through physical examinations, health questionnaires, physical activity readiness
guestions (PAR-Q), cognitive impairment assessment (MoCA), and blood biochemistry. They
were recruited if they had no mental problems or diseases that affect the exercise. Their
MoCA scores were lower than 26 and the scores were added one point for the participants
who had more than 12 years of education (9). They had no family history of any genetic
diseases and no physical exercise experience such as Tai Chi, meditation, Yoga, and Qigong
longer than one year. They did not regularly smoke and/or drink alcohol. The participants
were excluded if they had a medical condition (such as cancer, cardiovascular disease,
neuromuscular disease, or severe obesity, drug use or psychological issues) that would
significantly limit participation in KKQ. The CONSORT Flowchart containing details of
participant enrollment and progress through the RCT is displayed in Figure 1.
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[ Enrollment ] Assessed for eligibility (n=66)

Excluded (n=16)
—| e Not meeting inclusion criteria (n=12)
e Declined to participate (n=4)

Randomized (n=50)

!

Allocation ] v

Allocated to control group (n=25) Allocated to Khon Kaen Qigong
group (n=25)

A 4

)

Follow-Up ]
J

e

Discontinued intervention (medical Discontinued intervention (medical
problem) (n=2) problem) (n=3)

[ Analysis ]
Analysed (n=23) Analysed (n=22)

Figure 1. Flowchart of Study Protocol.

The randomized controlled trial for this study was a simple, random allocation sequence of
1:1 using the Research Randomizer, and participants were assigned to the Exercise Group
(KKG) or the Control Group (CG) using their unsorted identification codes. The codes were in
the same size and color opaque envelopes. The Group were coded by a researcher at the
Exercise and Sport Sciences Development and Research Group. All outcome adjudicators,
data collectors, data analysts, and participants were blinded to the intervention codes until
the study was completed.

Protocols

A protocol of this study is shown in Figure 2. After the participants passed the screening, their
anthropometry and body composition were measured to assess baseline characteristics.
Then, they were randomly allocated to 1 of 2 Groups: The Control Group (CG), and the
Exercise Group (KKG). Both groups performed 2 experiments examining acute and training
effects.

KKG

The participants in the KKG attended the laboratory for 3 visits (Figure 2). During their 1t visit,
they familiarized themselves with a single bout of 30-minute of KKQ (Figure 3 and Table 1).
Two days later during the 2™ visit (i.e., the pre-intervention), they arrived at the laboratory at
8 am to measure the acute effects on neck movement and thoracic kyphosis before (baseline)
and after the 30-minute KKQ exercise. After the 2" visit, they trained 60-minute KKQ/day, 3
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days (at least one day apart)/week for 12 weeks. The training effects were measured on the
3" visit (post-intervention that was the same as on the 2" visit) compared with the 2" visit.
MoCA was assessed before performing Qigong on the 2" and 3" visits.

| Screening |
- Medical history

| - Physical examination |

|- Physical Activity Readiness Questionnaire (PAR-Q)|

|- Anthropometry |

I Body composition r_|

| - Montreal cognitive assessment (MoCA) :

_______________ Visit 1 Sedentary life Visit 2
Reading (12 weeks) Reading

CG " (30 minutes) | —| (30 minutes)
Randomly Visit 1 Visit 2 KKQ Visit 3
Familiarizationto {__| KKQ — (60 minutes/day, — KKQ
(30 minutes)

KKG | KKQ (30 minutes) 3 days/week,12 weeks) (30 minutes)

A K K

Pre-intervention Post-intervention

Cognitive function, Neck movement and Thoracic kyphosis

Figure 2. Protocol of this Study. Abbreviations: CG; Control Group, KKG; Khon Kaen
Qigong Group, KKQ; Khon Kaen Qigong.

KKQ Intervention

The KKQ exercise started with a 5-minute warm-up activity followed by two bouts of KKQ
exercise that included 12 movements (Figure 3 and Table 1). To prevent injury caused by
KKQ, the participants began with a warm-up before the familiarization session and every
KKQ session during the training period. All the participants were required to stay in the
laboratory for evaluation before returning home after the absence of any injury symptoms. An
exercise leader was provided to guide the participants during the familiarization session and
every KKQ session that was done in the community. The leader had been engaged in Qigong
for 2 years. During the training, all the participants received a diary to record the KKQ
practice and injury. They returned the diaries to the researcher on the 3™ visit.

CG
The participants attended 2 visits similarly to the 2" (pre-intervention) and the 3" (post-
intervention) visits of the KKG except for the control activities when the participants in the CG
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read a Buddhist book for 30 minutes in sitting. For 12 weeks, those in the CG lived a
sedentary life (in which they did not perform any regular exercises).

Figure 3. Khon Kaen Qigong Postures.
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Table 1. Description of Khon Kaen Qigong Postures.
NO. Postures Name

Postures Description

1.

Ready position:

Adjusting the breath

(modified from the
movement of the
Wugqinxi).

Pay homage and
archer shooting
(modified from the
movement of the
Baduanjin and Wai
Khru Muay Thai).

The tiger's paws
(modified from the
movement of the
Wugqinxi).

The tiger’s walk
(modified from the
movement of the
Wuginxi).

Abdominal massage

(modified from the
movement of the
Baduanjin).

Swinging the head
and lowering
(modified from the
movement of the
Baduanjin).

Start by standing up straight, with your feet together and your eyes looking
straight, then spread your legs so that they are roughly shoulder width apart, then
slowly raise your arms from the front out in a straight manner. Until parallel to the
floor, inhale through your nose, then fold your arms and draw toward your torso,
then bring the arms down, along with the mouth closed, and gently blow air out of
the mouth until you return to the original position.

First, put your feet together, then make a gesture, bend your knees and hands at
chest level, then raise your head, then return to chest level, clench your fists,
make a power motion, pull the crossbow to the left side of your torso, tilt the bow
45 degrees, then twist, rotate the bow 45 degrees back.

First, stand with your feet close together, then reach your feet toward your
shoulders, stretch out your wrists, and then cross your fingers, like a tiger. Then
bend your elbows and raise your fists to your torso. Then, raise your hands above
your head and inhale until your arms are straight and your hands are straight.
Next, fold your fingers in half to form a tiger claw and grip. After clenching, slowly
lower the hand to chest level, while closing the mouth, slowly blow the exit wind,
raise the elbow so that the fingertips on both sides point to chest level, then
slowly lower the hand to the sides of the torso. Then return to the original
position.

You stand up on your feet first, then move one foot towards your shoulders, then
grab your body with your hands, then inhale through your nose, then close your
mouth, then place your arms out in front of you. Then fold your wrists like a tiger's
paw, put your left foot forward, and squat. Repeat, switching from the left foot to
right foot. Return to a straight position, re-extend your legs on your shoulders,
then step your left foot forward again while crouching and bending your arms,
crossing them horizontally across your chest and clenching your hands. Repeat,
by switching legs, step forward with your right foot and return to the original
position.

First, stand with your feet close together, then straighten your legs, then extend
your arms above your head, and inhale through your nose. Put both your arms at
your sides, wrap them in your mouth at the same time, then blow with your
hands, then drag your hands up to your chest, then open your hands. Slide your
hand down, push your hand to the right lower abdomen, then pull your hand up
and across your upper abdomen. Then, to the left, then down, to your lower
abdomen. Then draw your hands to the sides, then move your hands to your
ankles, then straighten your arms, then lift your head, then inhale through your
nose until your arms are straight and your head is straight. Then gently lower the
arms, while closing your mouth, until back to the original position.

Start by standing and extending your wide legs around your head, shoulders,
hands, feet, waist, then bend your knees and extend your wide legs to the side.
Lean to the left, then bend over, rotate to the right, lean to the right until you
return to the torso position, bend your knees, straighten your body, and then
return to the starting position.
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10.

11.

12.

Bird exercise (Learn
from the movement
of the Wuqinxi )
(modified from the
movement of the
Wugqinxi).

Monkey picking the
fruit (modified from
the movement of the
Wugqinxi).

Thrusting the fists
(modified from the
movement of the
Baduanjin).

Punch (modified
from the movement
of the Wai Khru
Muay Thai).

Raising and
lowering the heels
with purse lip
breathing (modified
from the movement
of Baduanjin mix
wtih Arm swing
exercise).

Closing form with
purse lip breathing
(modified from the
movement of the
Wugqinxi).

First, stretch your legs, stretch your shoulders, and hold your arms against
your body, then stretch your arms and cross your arms until your arms reach
toward your head. Then reach your arms toward your torso, toward your
back, and close your mouth at the same time, then blow when your arms
reach torso level. Extend your arms behind you, then extend your left leg
behind you, and stand up straight with your right leg. Repeat, but change
from the left leg to the right leg, and then return to the original position.

First, the legs are together, the legs are wide, about the side of the head,
shoulders, arms and torso, the hands are covered on the forehead, and the
legs are tilted forward, 45 degrees to the left, then 45 degrees to the right,
then 45 degrees to the left. With each step, you should cover your forehead
with your hand, keep your stride in line with your leg, and take as long a
stride as possible, pull your left foot back over your torso, bend your knees
slightly, and pull your hand back to cover your forehead, but this time put
your elbow under your chin, as if looking at fruit on a tree, and extend your
right arm. Bring your hands up, bring your left foot back, bring your body
back, bend your knees, bring your left foot back, bring your right hand back,
bring your palm back. Hold your right elbow with your left hand, as if looking
at the fruit in your palm, and then go back to square one.

Start with your feet together, then straighten your legs as far as possible,
bend your knees, clench your fists, and place them in the groin area. Then
raise your left arm straight in front of you, shoulder level, hands clasped, and
inhale through your nose. Then close your mouth and exhale while pulling
your arms back to your torso. Then there is the movement of the right arm.
Do the same with your left arm, then return to the original position.

From a standing position, bring your feet together, tilt your legs forward, 45
degrees to the left, squat, and repeat your hands forward. Then swing back,
repeat, but change from left to right, and return to the starting position.

Heel strikes. Get ready for breathing exercises. Stand on your legs first,
then, raise your arms up, then inhale through your nose. Then drop your
arms to the front, shoulders level, while closing your mouth, exhale slowly,
then halve your body. Finally, quickly extend your arms toward your torso
while exhaling and fully reaching your feet toward the balls of your feet.

Stand with your feet close together, then spread your feet apart, your
shoulders wide, and reach your arms out to your sides. Then raise them
over your head, inhale through your nose, and lower your arms while
wrapping them around your mouth, then slowly exhale, then return to your
original position.
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Outcome Measurements

Anthropometric and Body Composition Measurements

The participants’ height and weight were measured using a rangefinder (DETECTO, Missouri,
USA). The subject's waist and hip circumferences were measured with a plastic tape
measure. Body composition was measured by dual-energy X-ray absorptiometry (DEXA)
(Lunar Prodigy whole body scanner, GE Medical System, USA). Height and weight values
were accurate to 1 cm and 0.1 kg, respectively and body mass index (BMI) was calculated
using weight (kg)/height (m)2.

Neck Movement

A Cervical Range of Motion Instrument (Performance Attainment Associates, St. Paul,
Minnesota, USA) was used to collect neck movement data (Figure 4). This device has been
shown to be a reliable and reproducible tool (20) for functional measures of head and neck
mobility, i.e., cervical flexion-extension, lateral flexion, and rotation. The criterion validity and
reliability of the Cervical Range of Motion (CROM) goniometer for measuring cervical
movement has been established through various studies that have demonstrated its
effectiveness in clinical assessments (6,30). The measurements of this device were done by
the same researcher who had high skill of using this device.

Figure 4. Measurement of Cervical range of Motion (CROM, Performance Attainment
Associates, St. Paul, Minnesota, USA) in the Frontal (A) and Sagittal (B) Planes (8).

All the participants were asked to sit on a stool with their feet flat on the floor and their arms
relaxed on their laps. After a brief instruction and demonstration, the participants were asked
to perform 2 repetitions as a warm-up to achieve a maximum range of motion before the
measurement. Then, the participants were tested 3 times in each direction, and the average
value of the 3 times was taken as data. During the measurement, to ensure that the subject
did not move the shoulder while performing the test, the subject's shoulder was closely
watched during the measurement to check that it was in a neutral position.

Thoracic Kyphosis

The researcher used 7" cervical vertebrae-wall distance (C7WD) method, which used 2 rigid
rulers to measure thoracic kyphosis (33) (Figure 5). The C7WD method has excellent validity
and reliability, and it is used to screen and monitor severity of thoracic hyperkyphosis in
clinics and communities (2,27,34).
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A) B)
7" cervical
vertebrae
It 2 Ruler 2
i - ;
y A 40
Starting position Measurement

Figure 5. Measurement of the 7'" Cervical Vertebrae-Wall Distance (33).

In the starting position, the participants were measured while standing upright with bare feet,
with their heels, sacrum, and back against a wall. The head was in a neutral position, as
determined using the inferior orbital margin and the superior margin of the acoustic meatus in
a horizontal plane (Figure 5A).

During the measurement (Figure 5B), the palpation method was used to locate the 7%
cervical vertebra, which is the spinous process of the neck. Then, 2 rulers were used to
measure. The researcher held both rulers horizontally, ruler 1 was placed on the protruding
7" cervical vertebra. Ruler 2 was used to quantify the vertical distance from the first ruler to
the wall to measure vertical distance from C7 to the wall. The participants were measured 3
times with adequate rest periods between measurements, and averaged data were used for
data analysis. Amatachaya et al. (2) classified thoracic kyphosis from C7WD as follows: mild
kyphosis (< 5 cm), moderate (5.1 - 8 cm), and severe (> 8 cm).

MoCA

Cognitive function was assessed by the MoCA that has a high sensitivity and specificity
(21,26). MoCA ranges from 0 to 30, with higher scores indicating better neurocognitive
function. The MoCA scores were increased 1 point in the participants who had more than 12
years of education (9).

Statistical Analyses

The data were analyzed using a Statistical Package for the Social Sciences (SPSS) for
Windows, version 28.0 (IBM Corp., Armonk, NY, USA). Shapiro wilk was used to test the
normal distribution of the data, and descriptive statistics were used to summarize the limited
characteristics of the participants. All the data are represented as mean + SD for normal
distribution or median (interquartile range, IQR) for non-normal distribution. The difference
within and between Group data were analyzed by repeated measured ANOVA. Post hoc test
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was used to indicate a pair of significant differences. Statistical significance was achieved
with a P < 0.05.

RESULTS

A flow chart of studies outlined in the Statement of Consolidated Standards for Reporting
Trials (CONSORT) is presented in Figure 1. Out of 50 participants, 23 participants in the CG
(22 female, 1 male) and 22 participants in the KKG (21 female, 1 male) completed the study.

Characteristics of the Participants

All characteristics of the participants were similar between groups (Table 2) except the MoCA
scores. The MoCA scores of the KKG are significantly higher than the CG (P < 0.01) but
within the inclusion criteria (< 26).

Table 2. Baseline Anthropometric and Physiological Characteristics of Participants.

Age (yr) 64.6 + 3.07 66.3 + 5.08 0.173
Gender (female/male) 22/1 21/1 -

Smoking: Yes (number, %) 434 % 0, % -

Drink alcohol: Yes (number, %) 8.70, % 455 % -

Hypertension: Yes (number, %) 39.1, % 36.4, % -

Diabetes Mellitus: Yes (number, %) 30.4, % 9.09, % .

Years of Education (yr) 4(4-4) 4(4-4) 0.070
MoCA Score 20.6 + 3.07 23.5(22.00-25.00) 0.001
Weight (kg) 56.3 + 10.39 56.0 + 8.75 0.542
Height (m) 1.52(1.48-1.56) 1.51(1.48-1.55) 0.542
Body Mass Index (kg/m?) 24.3+3.72 25.3 + 3.39 0.357
Waist Circumference (cm) 85.8 + 12.81 87.4 +8.43 0.632
B Clreumieienss (@) 94(90.50-104.5) 98.8 + 6.74 0.534
Waist/hip Circumference Ratio 0.89 + 0.06 0.88 + 0.06 0.510
Resting Heart Rate (beats:min™) 67.1 + 8.59 62.5(55.75-70.75) 0.161
Systolic Blood Pressure (mmHg) 132.6 + 21.20 134.8 + 17.12 0.703
Diastolic Blood Pressure (mmHg) 78.0 + 11.68 76.0 + 7.86 0.515
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I (RS PTERE iliinl) 93.3 + 18.34 91.0(80.25-97.50) 0.915

e[Sl QA SEE () 96.6 + 1.53 96.0(94.00-98.00) 0.262

All the Data are Represented as Mean + SD for Normal Distribution Data or Median (Interquartile Range,
IQR) for Non-Normal Distribution data (n = 45; CG = 23, KKG = 22). P Presents Significant Differences
Between Groups. Abbreviations: CG = Control Group; KKG = Khon Kaen Qigong Group; MoCA =
Montreal Cognitive Assessment.

Furthermore, before starting a session of KKQ/reading at pre-intervention all the participants
had limited movements of neck flexion, lateral flexion to both sides, rotation to both sides.
Moreover, about 34.8% and 22.7% of the participants had limited neck extension and about
60.9% and 72.7% had C7WD in the CG and the KKG, respectively (Table 3).

Table 3. Neck Movement and C7WD Before a Session of KKQ/Reading at Pre-
Intervention of All Participants and Number of Those Who had Spinal Abnormality (n)
in Both Groups.

CG n (had spinal KKG n (had spi_nal P-value I\rlg;rggl

(n = 23) abnormality) (n =22) abnormality) (25)
Neck Flexion (°) 47.8+2.76 23 49.9 + 1.58 22 0.52 =>80°
Neck Extension (°) 37.3+3.85 8 42.4 +2.13 5 0.35 =50°
(No;eCk Lateral Flexion to Right 55 9., 1 45 23 315+ 1.50 22 0.23 >45°
Neck Lateral Flexion to Left (°) 27.3+1.72 23 30.L0+1.71 22 0.27 245°
Neck Rotation to Right (°) 54.3 £ 3.03 23 57.1+1.98 22 0.45 =80°
Neck Rotation to Left (°) 59.5+ 3.04 23 57.6 £2.45 22 0.63 =>80°
C7WD (cm) 6.11 £ 0.27 14 6.0+0.17 13 0.85 <5cm

The data are presented as Mean + SE. n = The Number Who had Abnormal Neck Movements and
Thoracic Kyphosis. Independent sample t test was used to test the significance of differences between
Groups. Abbreviations: CG = Control Group; KKG = Khon Kaen Qigong Group; C7WD = 7t Cervical
Vertebrae-Wall Distance.

Participants’ Compliance with the Exercise Program
Participants had higher than 90% compliance with the exercise training.

Acute Effect

All data of acute effects are at pre-intervention in Figures 6, 7, 8, and 9. After a single bout of
KKQ/reading, the KKG had significantly higher neck extension (Figure 6A) and rotation to the
right (Figure 7A) (Both were P < 0.01) but lower wall-distance (P < 0.001, Figure 8) than the
CG. Compared with the baseline within group, the KKG had an increase in neck rotation to
the right (P < 0.05) and a decrease in wall-distance (P < 0.01) but the CG had a decrease in
neck extension and an increase in C7WD (Both were P < 0.01). Other neck movements were
not significantly changed (Figures 6B, 7B, 8, 9A and B).
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Training Effect

There were no significant differences between pre- and post-intervention of all variables in
both Groups. However, in a single session of KKQ/reading after 12 weeks, the KKG had
significant increases from baseline and was higher than the CG after a single session of KKQ
in all movements of neck (P < 0.01-0.001, Figures 5, 6, and 8). Besides, the KKG had a
significant decrease in C7WD after KKQ session compared to baseline and lower than the CG
(P < 0.001, Figure 7). However, the CG did not have any changes in neck movements
(Figures 5, 6, and 8) except for a decrease in neck extension (Figure 6A) and there was an
increase in the wall-distance after the reading session (P < 0.01, Figure 7).

In participants who had limited spinal abnormalities, before the exercise session, the training
significantly improved all neck movements (P < 0.05, 0.001) but did not change thoracic wall-
distance. However, the KKG had better neck movements and C7WD than the CG after the
training (P < 0.05-0.001, Table 4). The CG had no changes in all neck movements and
impaired C7WD (P < 0.05). After 12 weeks, the KKG had increased and greater MoCA
scores than those in the CG (23.2 + 2.10, 26.5 (3) at pre- and post-intervention in the KKG vs.
21(5) and 21.3(3) at pre- and post-intervention in the CG; P < 0.01).

In addition, after 12 weeks the number of participants in the KKG who had mild (n =10ton =
11) and moderate (n = 12 to n = 11) severity of thoracic hyperkyphosis increased and
decreased respectively. In contrast, the number of participants in the CG who were mild (n =9
to n = 7), moderate (n = 14 to n = 15), and severe (n = 0 to n = 1) severity of thoracic
hyperkyphosis decreased and increased, respectively.

Correlation of MOCA and Neck Movement and Thoracic Kyphosis
At pre-intervention before a single session of KKQ/reading, the MoCA score was moderately
correlated with neck rotation to left in the CG only (Table 5).

After training, the MoCA scores were moderately correlated with neck lateral flexion to right
and left, neck rotation to right, and C7WD in the overall, and with C7WD in the CG. There
were no significant correlations between the MoCA scores and spinal abnormalities in the
KKG (Table 6).
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Table 4. Neck Movement and C7WD of All Participants and Number of Those Who Had Abnormal Neck Movement and
Thoracic Kyphosis (n) Before and After 12 Weeks in Both Groups.

e ral\rlw(;rem (3|5)
inteslreer-ltion intelj\(/):;-tion n inteslreer;tion POSHIMIEREIIE:
Neck Flexion (°) 47.8+2.76 23 49.9+191 23 499+158 22 57.3 + 1.66***## 22 280°
Neck Extension (°) 37.3+3.85 8 40.1 £ 4.93 5 42.4 +£2.13 5 48 1 =>50°
Neck Lateral Flexion to Right (°) 28.9 +1.45 23 26.6+1.10 23 315+150 22 35.3 + 1.42*##H# 18 245°
Neck Lateral Flexion to Left (°) 27.3+1.72 23 27.7+1.29 23 30.0+1.71 22 35.9 + 1.04* ¢ 20 245°
Neck Rotation to Right (°) 54.3 + 3.03 23 55.6 + 1.58 22 57.1+198 22 65.8 + 1.46***#t# 22 >80°
Neck Rotation to Left (°) 59.5 + 3.04 23 61.5+2.04 23 57.6+245 22 66.6 + 1.32**# 21 >80°
C7WD (cm) 6.11 + 0.27 14 6.45 + 0.29* 16 6.05+0.17 13 5.60 £ 0.12# 11 <5cm

The Data are Presented as Mean + SE; n = 45, CG (Reading) (n = 23) and KKG (KKQ) (n = 22). n Shows the Number of Participants Who Had
Spinal Abnormalities. **P < 0.01, **P < 0.001 Within Group. # P < 0.01, ##P < 0.01 Between Groups at the Same Time Point. Abbreviations: CG
= Control Group, KKQ = Khon Kaen Qigong, KKG = Khon Kaen Qigong Group, C7TWD = 7" Cervical Vertebrae-Wall Distance.
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Table 5. The Correlation Between MoCA Scores and Spinal Abnormalities in Overall,
CG, and KKG Before the Single Session of KKQ/Reading at Pre-Intervention.

Overall
(n =45)
P-value

Neck Flexion (°) 0.176 0.248 0.071 0.747 0.372 0.089
Neck Extension (°) 0.245 0.105 0.21 0.335 0.203 0.365
Neck Lateral Flexion to Right (°) -0.017 0.912 -0.292 0.176 0.153 0.497
Neck Lateral Flexion to Left (°) -0.018 0.909 -0.171 0.434 -0.023 0.92
Neck Rotation to Right (°) 0.021 0.893 -0.059 0.79 0.041 0.855
Neck Rotation to Left (°) 0.147 0.336 0.471 0.023 0.017 0.94
C7WD (cm) -0.086 0.572 -0.278 0.199 0.282 0.204

Pearson Correlation Analysis (Normally Distributed Data) and Spearman Correlation Analysis (Non-
Normally Distributed Data) Were Used for Correlation Among Indicators. P<0.05 Indicates a Significant
Relationship between the two variables. Abbreviations: CG = Control Group, KKQ = Khon Kaen Qigong,
KKG = Khon Kaen Qigong Group, C7WD = 7" Cervical Vertebrae-Wall Distance.

Table 6. The Correlation Between MoCA Scores and All Spinal Abnormalities in

Overall, CG, and KKG Before the Single Session of KKQ/Reading at Post-Intervention.
Overall

(n = 45)
P-value
Neck Flexion (°) 0.275 0.067 -0.110 0.616 0.271 0.222
Neck Extension (°) 0.227 0.134 -0.138 0.530 0.130 0.564
Neck Lateral Flexion to Right (°) 0.392 0.008 -0.192 0.380 0.141 0.530
Neck Lateral Flexion to Left (°) 0.374 0.011 -0.075 0.735 0.211 0.346
Neck Rotation to Right (°) 0.404 0.006 0.045 0.838 0.310 0.161
Neck Rotation to Left (°) 0.249 0.099 -0.051 0.817 0.128 0.571
C7WD (cm) -0.470 0.001 -0.590 0.003 -0.004 0.987

Pearson Correlation Analysis (Normally Distributed Data) and Spearman Correlation Analysis (Non-
Normally Distributed Data) Were Used for Correlation Among Indicators. Abbreviations: CG = Control
Group, KKQ = Khon Kaen Qigong, KKG = Khon Kaen Qigong Group, CTWD = 7" Cervical Vertebrae-Wall
Distance.

DISCUSSION

To our knowledge, this is the first study to provide evidence for the acute and training effects
of KKQ on neck movement, thoracic kyphosis, and cognitive function in older adults with mild
cognitive impairment. We hypothesized that both effects of KKQ would improve all variables
in the MCI participants. Additionally, we did expect to find improvement in both spinal
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abnormalities contributing to an increase in cognitive function. We found that KKQ acutely
improved neck extension, right rotation, and thoracic kyphosis. Although no statistical
evidence confirmed the training effect, beneficial results on more outcomes after a single
bout of KKQ provide evidence of the positive effects of KKQ training. However, the increase
in cognitive function after the training was not due to KKQ-induced improved spinal
abnormalities.

We were aware of the reliability of measuring both neck movement and thoracic kyphosis.
Theoretically, CROM and C7WD have been demonstrated to be highly reliable and
reproducible (2,6,8,27,30,34). In this study, our investigator trained with a specialist who
regularly performed both tests until the investigator's CV was 2.9% for the neck movement
and 3.1% for the thoracic kyphosis, which are acceptable. During the CROM measurement,
the participants’ sitting position should be maintained, and if it was changed or tilted, it needs
to be restarted. Both measurements were performed by the same investigator throughout the
study.

Our hypothesis on acute effects was partially supported because we found improvements
only in neck extension and rotation to the right, and thoracic kyphosis after a single bout of
KKQ at pre-intervention. The partial support on the acute effect may be due to the time of the
exercise, which was at the start of the training. This is consistent with a previous study in
middle-aged participants (average age 44 yr) with long-term nonspecific neck pain (14). The
authors found improvement only in neck flexion and extension immediately after Baduanjin
training in the patients. This reasoning is supported by the present study when considering
the post-training assessment after the 12 weeks of 60-minute daily KKQ exercise and 3
days/week that showed improvement in all variables after the single bout of KKQ at the post-
intervention visit. Moreover, the accumulation of the KKQ exercise throughout the training
period seems to increase the beneficial effects of KKQ on all variables. The increase in all
neck movements and thoracic kyphosis after the 12-week training was possibly due to the
movements of the whole body during KKQ including the neck, such as flexion, extension, left
and right lateral flexion and rotation as well as the trunk (when bending, stretching, twisting;
and the upper and lower limbs during flexion, extension, and abduction. These movements,
which are smooth and within a wide range of motion, combined with concentration and
breathing could relieve the muscle tension that allows for the increase in range of motion of
the neck while also reducing the thoracic kyphosis.

This is the first research that presents the beneficial effects of KKQ on neck movement and
thoracic kyphosis. There are no previous studies on each exercise component of KKQ on
these parameters and in the healthy older population. There are only a few systematic
reviews that have reported the effects on neck movement by Baduanjin and Wuginxi in
middle-aged and elderly patients with neck pain (13,19) and Muay Thai in patients with
scapular rib syndrome (1). Practicing Baduanijin exercises combined with other therapy, such
as Tuina, acupuncture, and conventional therapy have been reported to effectively alleviate
pain intensity in various areas (13,19) and improve neck flexion and extension (19). Wuginxi
exercises were also found to reduce neck pain without any results of neck movement (19).
Thus, when neck pain is reduced, its range of motion is improved. Furthermore, there was no
previous research on the effect of Wai Khru Muay Thai on both neck movements and thoracic
kyphosis. Nonetheless, a study that emphasized Muay Thai exercises (a session after Wali
Khru session) found that it reduced the pain intensity/pressure pain threshold leading to an
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increase in range of motion of the cervical spine, especially in cervical flexion and side flexion
to the left in patients with scapular rib syndrome (3). Taken together, therefore, KKQ training
may be an advantageous intervention in pain reduction for patients with neck pain. This
hypothesis in the patients is worth testing.

As expected, KKQ training improved cognitive function assessed by the MoCA score. This is
a very crucial result because it confirms the benefits of KKQ training on medical treatment for
aging populations, especially with cognition problem. KKQ may also prevent or delay older
individuals from having MCI or worse conditions, such as dementia or Alzheimer's disease.
These prospectives are supported by original articles (18,35) and a review article (11)
suggesting that engaging in regular physical activity and cognitive training exercises promote
cognitive health. Thus, promoting KKQ exercise in adults with cognitive function problems is
necessary.

Our hypothesis on the beneficial effects of KKQ-improved spinal abnormalities on cognitive
function after the training was not supported because of there was no correlation between
cognitive function and spinal abnormalities. This is consistent with previous studies that
suggest cognitive decline may arise from intrinsic neurodegenerative processes independent
of cervical issues (10). It is noted that the significant correlation between the MoCA and both
abnormalities (i.e., neck lateral flexion to right and left, neck rotation to right, and C7WD) was
found in the overall Group. This may be due to the bigger sample size effect. However, the
significant correlation between the MoCA and C7WD in the CG may confirm that sedentary
life had a detrimental effect on thoracic kyphosis. Therefore, the increased MoCA after KKQ
training seems to be explained by other reasons. Perhaps, improved brain function according
to concentrating and breathing while performing KKQ may be one of the reasons. This is
supported by articles that previously demonstrated mind-body therapy can improve cognitive
function for the old population (11,18,35).

This study provides pathological information of both spinal structure and function and
cognitive function in the older female Thai population with MCI. All participants had limited
movements of neck flexion, lateral flexion to both sides, and rotation to both sides. Besides,
some of them (22.7-34.8%) had limited neck extension and most of them had moderate
thoracic hyperkyphosis (60.9%-72.7%). This evidence suggests that the intervention aiming
to improve spinal structure, and movement, and cognitive function is very important and
should be widely promoted.

Limitations in this Study

This study has a few limitations. First, most of the participants were older women with very
few men. Regarding the literature linking thoracic kyphosis with age and gender, the degree
and location of kyphosis increased with age and the rate of 75 increase was higher in women
than in the men (32). Whether the study results are equally applicable to elderly men and
whether physiological, pathological, and the training results of KKQ would be changed due to
gender differences need further study. Second, the duration of the first single session may be
inadequate to show significant values for the non-significant variables. Lastly, we did not
explore the important mechanism linking the cervical and thoracic spines and cognitive
function, which is the cerebral blood supply.
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Future studies should disclose these limitations by performing the experiment in male
participants and extending the duration of the single session to 60 minutes. Future
experiments investigating other mechanisms, such as cerebral blood supply to the brain by
multimodal MRI approach (20) would be interesting to perform. In addition, other techniques
that predict MCI patients who will progress to Alzheimer’s disease should be examined for
the effect of KKQ. The reason for the examination is due to close association between
hemodynamic changes represented by Transcranial Doppler (TCD) ultrasonography (15) that
was examined with a breath-holding test (Breath Holding Index; BHI) and the Mean Flow
Velocity (MFV) and Pulsatility Index (Pl) of the middle cerebral artery. TCD markers
correlating with cognitive decline supported using TCD markers in predicting MCI patients
who will progress to Alzheimer’s disease. Furthermore, using these markers to evaluate the
effect of KKQ is valuable in the prevention of Alzheimer's disease in patients with MCI.

CONCLUSIONS

This new evidence shows that in older adults with MCI, even the first-time users of KKQ
exercise could improve the range of neck extension and rotation to the right, and thoracic
kyphosis. It is also important to point out that the KKQ training had more beneficial effects on
neck movement and thoracic spines than the acute exercise. Furthermore, it improved
cognitive function independent of the cervical and thoracic spine improvement. A mechanism
responsible for this correlation needs to be further explored. In addition, the findings
confirmed that the sedentary lifestyle impairs neck movements and thoracic kyphosis of the
older adults with MCI.
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ABSTRACT

King AC, Ciccolella ME. A Nation at Rest: Who is Responsible for the Physical Training of Children? JEPonline. 2025;28(2):33-42. Exercise is a fundamental necessity of life and for most of history was foundational to human survival. Modernization diminished the survival need for exercise in daily life for the average person to the point that inactivity has now been declared to be an international epidemic, not just a uniquely American issue. Cultural, economic, and health problems associated with physical inactivity have been well documented over decades of research from several different disciplines This article references current literature that raises concern regarding international physical inactivity, especially with regards to the individual and cultural consequences. Additionally, case law from American courts dating back to the 1800’s will illustrate a shared duty of parents and schools for the physical training of children. In the mid-20th century, schools assumed this duty because of statutory law and studies that sounded the alarm on the lack of fitness in American children. Today, schools have seemingly deprioritized physical training for all students. This begs resolution of the question: who is responsible for the physical training of our youth? The answer is fundamental to any successful change in our culture regarding childhood physical activity. If childhood and adulthood patterns of exercise are inextricably linked, then the negative consequences of a nation at rest can only be resolved with mandates for exercise by those who have a duty.  
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INTRODUCTION

Exercise is a fundamental necessity of life. Yet, modern society has deprioritized physical activity (PA), which leads to severe global health consequences (13). The human body is designed for movement, and a sedentary lifestyle is linked to numerous health complications. The World Health Organization (WHO) identified physical inactivity as the 4th leading risk factor for global mortality that contributes to over 5 million deaths annually (15). The epidemic of physical inactivity is now recognized as a major public health challenge, contributing to the rise in chronic diseases, such as obesity, type 2 diabetes, cardiovascular conditions, and even mental health disorders (5).

[bookmark: OLE_LINK3][bookmark: OLE_LINK4]According to a recent Lancet study analyzing global trends from 2000 to 2022, insufficient PA has become increasingly prevalent worldwide, with rates of inactivity reaching 27.5% among adults and up to 81% among adolescents in some regions (21). These alarming figures underscore the critical need for systemic interventions, particularly in the United States, where inactivity-related health issues are further compounded by a fragmented healthcare system and a cultural shift away from structured exercise. Moreover, the mental health benefits of exercise are widely recognized with studies indicating that PA reduces symptoms of anxiety, depression, and cognitive decline (18,21). The absence of movement leads to deteriorating health that significantly lowers quality of life with an increased dependency on medical interventions.

Despite the United States' significant financial investments in healthcare, the country continues to experience poorer health outcomes and a lower life expectancy than its global counterparts (16). This paradox raises an urgent question: Is America's declining health linked to its diminishing emphasis on physical activity? Historically, exercise was a priority in educational settings (3). However, since the 1970s, the mandated physical education requirements have drastically decreased, with CDC statistics indicating that daily PE offerings in schools dropped from 43% in 1991 to 25% in 1995 (3). This decrease in structured exercise within schools has contributed to an increasingly sedentary culture, one that carries profound economic, social, and health-related consequences.

Understanding the root cause of such a decline requires examination. Interestingly, case law dating back to the late 1880s offers a perspective that may link causation to a solution. Over 100 years ago, there was consensus that parents and schools had a shared responsibility for the physical as well as the moral and intellectual training of their children. Since then, there has been a shift away from parental responsibility. Studies in the 1950s and 1960s documented declining fitness in American children, which was followed for a time by an increase in the schools’ responsibility. The parents’ responsibility is no longer a priority. This shift to the schools at the very least provides a platform to discuss what the role of parent should be and how this might effectively change activity patterns in children. The following discussion using law and research is intended to show a shift in responsibility and raise the question of who has a duty to physically train children in today’s world. 





HISTORICAL DECLINE IN SCHOOL SPONSORED “PA” IN THE UNITED STATES

Case law in the U.S. dating back to the late 1880s and early 1990s reveals an expectation that both schools and parents are responsible for the physical training of children. This is evident in case law that awarded money damages for the physical training of a child when a company was found liable for the wrongful death of an employee who was also a parent. Parental primacy is unmistakable as the courts provided explicit legal recognition of the importance of both mother and father in the physical training of their children. One court went so far as to state that the parents were more effective than schools in this role. Beyond the advantages to the child, some courts expressed the broader purpose to the culture at large noting the relevance of physical training to industrial activity. 

The old saving “put your money where your mouth is” has relevance when the courts award money damages for the physical training of a child upon the loss of a parent.  Clearly, the responsibility of training did not reside with the school alone. Over the decades, studies have provided evidence that the burden shifted from the parent to the school. These studies indicate a decrease in fitness levels in American youth and unfavorable comparisons of fitness to their international counterparts. As an example, the 1953 Kraus-Weber study found that American children were far less fit than their European counterparts. The subsequent establishment of the President's Council on Physical Fitness was intended to help combat the decrease in fitness levels of America's youth. It is clear that the responsibility was on the schools to do a better job since the role of family was largely invisible (3).

State statutory law emerged mandating physical education in the school curriculum. In 1866 California became the first state to pass a law requiring twice-per-day exercise periods in public schools (3). During the 1950s and the 1960s, physical education at the elementary level experienced tremendous growth, often due to statutory law. However, since the 1970s the number of schools offering daily physical education has drastically decreased. In fact, the 1995 statistics from the Centers for Disease Control and Prevention (CDC) show a decrease from 43% in 1991 to 25% in 1995 (3). California offers a clear example of this diminished statutory commitment. Today, California requires 20 minutes a day (i.e., 200 minutes averaged over 10 school days), which is a significant contrast from 1866 (4). This is a stark comparison to the WHO’s recommendation to the world of 150 minutes per week of moderate intensity exercise (21).

Case Law in the United States

Industrialization and technology have reduced the need for caloric output for the average human to survive and perhaps even thrive. It is worth considering legal rulings over a century ago that explicitly recognized the importance of physical training for children at a time when daily caloric output was high compared to today. The cases below illustrate the recognition of a parental role for the fitness of the child. They also comment on the cultural importance of fitness to industry that in turn has application to the family, the country, and the world. 

 





Cases 1-2. The Broad Purpose of Physical Education Extends to the National and International Culture.  

Mt. Hermon Boys’ School vs. Inhabitants of Gill (1887)

In Mt. Hermon (14), a boys’ school located on a 400-acre farm was a charitable institution for the education of neglected boys. The school had a broad educational purpose that included physical education (Id. at p. 355). This was accomplished in the context of industrial and agricultural activities in which the boys were required to participate. The farm sold products (livestock, shoes, wool, etc.) and manual labor was required of the boys to produce the products. The tax-exempt status of the school was unsuccessfully challenged when the court found an integration of educational and industrial activity. The court held that the product sales were consistent with the broad educational purposes of the farm. 

With specific regard to physical training, the court noted that boys were required to do 2 hours of manual labor on the farm each day (Id. at p. 358). The physical development of the boys by manual labor was found to be consistent with the farm’s educational purpose (Id. at p. 357). The court also found a cultural purpose linked to the boys’ education in stating that the purpose of the farm’s industrial work was not solely for financial benefit but to “provide for physical culture, teach how to do various kinds of farm work, form habits of industry, and inculcate views of manual labor ...  (Ibid, emphasis added).”

Board of Education of Bowling Green vs. Simmons (1932)

The court affirmed the power of a city Board of Education to create a combined position for a nurse/teacher of health and physical education (1). The court further stated that physical education was a shared duty of the parents and the schools. The court acknowledged a broader cultural and international purpose stating “…it is therefore the superduty of the school to teach and to instill into the pupils the notion that health and mental and physical growth are concomitants to serve the noble future interests of the family, community, nation, and world (Id. at p. 501 emphasis added).”



Cases 3-6. The Role of Both Mother and Father in the Physical Training of the Child. The Primacy of Family Over the Schools.

First Wisconsin Trust Company vs. Schmidt (1921)

In First Wisconsin (7), a mother was killed when hit by a car as she was crossing the street. Liability for her death included the consideration of damages that included the loss of mother’s educational services to her children. The court stated that the “duty of the mother to minor children is that of nurture, and of intellectual, moral, and physical training.” The court also found evidence that the deceased mother rendered these “valuable” educational services to her daughter” and that without compensation, the child would be deprived (Id. at p. 834).



Strickland vs. Southern Ry. Company (1918)

In Strickland (20), a father’s death resulted in financial liability for his employer for the loss of the father’s educational services to his children. The court stated that a child’s loss of training and educational services “can only be supplied by the service of another for compensation (Id. at p. 699)” if the parent dies. While it was the father that died, the court included the duty of the mother to the children for “nurture, and of intellectual, moral, and physical training (Id. at p. 704).”

St. Louis IM & S Ry. Company vs. Maddry (1893)

In St. Louis (21), an ex-soldier receiving a pension was killed in a rear end collision with 2 trains.  Liability was imposed on the railroads and the jury was instructed that it had a right to consider damages relevant to the loss of the children’s physical training because of the death of their father (Id. at p. 474). On appeal, the court held that (13) the service of a father to training his children has some pecuniary value and (15) that precise mathematical calculation of this service is not required.

Hoadley vs. International Paper Company (1899)

In Hoadley (9), a paper mill was liable for its employee’s death (who was a father working on a pulp digester). The court firmly declared the importance of a child’s physical training stating “A sound mind in a sound body together constitutes the ideal physical man. It needs no argument to prove that physical training is as necessary for the well-being of a child as mental and moral nurture.  The experience of everyday life emphasizes this fact (Id. at p. 171).”

Interestingly, the court explicitly commented on the primacy of the family in the education of the child, placing it above the schools. “The training of the child mentally, morally, and physically by the parent may be, and often is, more effective and lasting for good than any instruction received in schools and colleges (Id. at p. 171, emphasis added).”



Case 7.  Prioritized Funding to School Physical Education

Board of School of Commissioners of City 

of Indianapolis vs. State ex rel (1891)



Differential funding for curricular offerings has also been a legal issue. In The Board of School of Commissioners (2), there was a statutory mandate that required a city board to introduce the German language. The school refused the mandate based on insufficient funds in the school treasury. The court held that a lack of funds was not a sufficient reason for refusing to offer German after discovering that other non-statutorily required studies were offered at a greater expense. 





The issue of funding had a particular relevance to “physical training” that the court noted should be introduced along with German. The published budget showed that $3,000 was allocated to physical training and areas, such as chemistry, physics, geometry, and English literature received considerably less. While there was not a comment on these differences in the text of the case, the differential allocation raised the issue of implied priorities. Clearly, physical training was a priority.



The International Demographic

The erosion of mandated physical exercise within American education has directly contributed to a culture of physical inactivity that has exacerbated the public health crises and has strained the healthcare systems. The consequences of this shift are evident in the widening disparity between global health recommendations and actual U.S. exercise mandates. While the WHO recommends at least 150 minutes of moderate-intensity exercise per week (21) in the U.S., some states require as little as 20 minutes per day (4). Without immediate intervention, this disparity will continue to widen, which will lead to an increase in rates of obesity, diabetes, cardiovascular disease, and associated healthcare costs. Hence, reinstating robust physical education requirements is not just a matter of improving individual health, it is an economic and societal necessity. By reforming educational policies to prioritize movement, the epidemic of physical inactivity can be corrected while also decreasing the long-term healthcare expenditures that will help to cultivate a healthier and more productive population. The time to act is now. 

Failing to act will only deepen the crisis and further burden future generations with the mental and physical consequences of our inaction and yet, despite the overwhelming evidence of the importance of PA, the federal and state-level policies have consistently deprioritized funding for physical education, community exercise programs, and public health initiatives. While organizations like the WHO and the CDC emphasize exercise as a key determinant of public health, recent U.S. policies have largely neglected the promotion of PA in favor of reactionary healthcare spending. 

Although the 2018 Physical Activity Guidelines for Americans highlighted the need for comprehensive programs that encourage movement across all age groups, the federal funding for school-based physical education has decreased sharply over the past 2 decades (14). The lack of a strategy to promote PA in the schools, workplaces, and urban planning demonstrates a disconnect between policy rhetoric and actionable public health interventions. Also, the infrastructure investments, such as bike lanes, pedestrian-friendly city planning, and designated recreational spaces remain poorly funded and seldom used in the U.S. compared to the other nations (6,12). The disconnect between the public health recommendations and the governmental action further perpetuates the physical inactivity crisis that places a greater burden on an already overextended healthcare system.

The financial consequences of this approach are staggering. The U.S. spends over $12,500 per person annually (8), which is more per capita on healthcare than any other country in the world. However, this investment has failed to translate into better health outcomes, given that the U.S. ranks 38th in global life expectancy (15). One of the primary reasons for this paradox is that the U.S. healthcare spending is largely focused on treatment rather than prevention. Chronic diseases, many of which are preventable through lifestyle interventions, account for 90% of the healthcare expenditures. The failure to prioritize exercise and other preventative measures has led to skyrocketing rates of obesity, diabetes, and heart disease. In contrast, countries that emphasize preventative healthcare and physical activity, such as Japan, Sweden, and the Netherlands report higher life expectancy and lower rates of chronic diseases (17). These countries have robust policies that integrate exercise into daily life through walkable cities, cycling infrastructures, and mandatory physical education in schools. The U.S., on the other hand, continues to rely on a reactive healthcare model that treats illness rather than addressing the root causes of poor health. 

The economic burden of physical inactivity extends beyond healthcare costs. Sedentary lifestyles contribute to higher healthcare costs, increased absenteeism, and lower workplace productivity. The CDC (2024) estimates that sedentary lifestyles cost the U.S. economy over $117 billion annually in healthcare expenses alone. Beyond economics, the cultural impact of physical inactivity is profound. Children today are projected to live shorter and less healthy lives than their parents, which is largely due to the increase in obesity and the physical inactivity rates (5,10). The decline in physical education, coupled with increased screen time, has led to a generation that is less active, more anxious, and at a higher risk for chronic diseases (22). The systematic reduction of physical education in schools has been a major driver of the physical inactivity epidemic. Nationally, only 3.7% of schools require daily PE for all grades (5). Reversing this trend requires policy reforms that reinstate PA as a core component of education, funding for school-based exercise programs, and urban planning that promotes movement in everyday life. Without such changes, the U.S. will continue to see a decline in health, an increase in medical costs, and a decrease in quality of life for future generations.



CONCLUSIONS

The epidemic of physical inactivity has dire consequences for public health, economic stability, and the future well-being of the American society. The systematic decline of physical education, the car-centric urban planning, and the increase in sedentary lifestyles have compounded the crisis, leading to skyrocketing rates of chronic disease and premature mortality. Despite the United States’ unparalleled healthcare spending, its failure to emphasize preventative health measures, particularly exercise, has resulted in worsening health outcomes compared to nations that prioritize physical activity as an essential component of daily life. The evidence is irrefutable: Exercise is a necessity, not an option. The WHO, the CDC, and an extensive body of research affirm that regular physical activity is one of the most effective ways to prevent chronic diseases, enhance cognitive function, and extend lifespan (21). 







However, the current U.S. policies continue to neglect the promotion of exercise in favor of reactive healthcare solutions, which is a strategy that is both financially unsustainable and ethically indefensible. To combat this crisis, the U.S. must adopt a multi-faceted approach that prioritizes physical activity at the individual, institutional, and policy levels. This includes: (a) reinstating mandatory physical education in schools, ensuring that children develop lifelong exercise habits; (b) investing in urban infrastructure that promotes walking, biking, and access to recreational spaces; (c) encouraging workplace wellness programs to integrate movement into the daily routine of American workers; and (d) launching nationwide public health campaigns that emphasize the necessity of movement for longevity and quality of life.  

Without immediate intervention, the consequences will be catastrophic, not just in terms of escalating healthcare costs, but in the fundamental erosion of public health and economic productivity. The current administration, policymakers, and public health officials must acknowledge and address this crisis with the urgency it demands. The time for action is now, and the solution is clear: Reintegrating exercise into the fabric of American life is not just beneficial, it is essential for the nation’s future. The negative consequences of physical inactivity on health are well documented.  A nation or world at rest is a serious public health concern that begs intervention.  In the case of children, this intervention must be provided by the entity that is charged with the duty for physical training. This likely should be with the schools who must prioritize this duty in the face of the overwhelming importance of the fitness of its citizens to themselves and the culture. 



_________________________________________________________________________
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INTRODUCTION

Exercise is a fundamental necessity of life. Yet, modern society has deprioritized physical
activity (PA), which leads to severe global health consequences (13). The human body is
designed for movement, and a sedentary lifestyle is linked to numerous health complications.
The World Health Organization (WHO) identified physical inactivity as the 4th leading risk
factor for global mortality that contributes to over 5 million deaths annually (15). The epidemic
of physical inactivity is now recognized as a major public health challenge, contributing to the
rise in chronic diseases, such as obesity, type 2 diabetes, cardiovascular conditions, and even
mental health disorders (5).

According to a recent Lancet study analyzing global trends from 2000 to 2022, insufficient PA
has become increasingly prevalent worldwide, with rates of inactivity reaching 27.5% among
adults and up to 81% among adolescents in some regions (21). These alarming figures
underscore the critical need for systemic interventions, particularly in the United States, where
inactivity-related health issues are further compounded by a fragmented healthcare system
and a cultural shift away from structured exercise. Moreover, the mental health benefits of
exercise are widely recognized with studies indicating that PA reduces symptoms of anxiety,
depression, and cognitive decline (18,21). The absence of movement leads to deteriorating
health that significantly lowers quality of life with an increased dependency on medical
interventions.

Despite the United States' significant financial investments in healthcare, the country
continues to experience poorer health outcomes and a lower life expectancy than its global
counterparts (16). This paradox raises an urgent question: Is America's declining health linked
to its diminishing emphasis on physical activity? Historically, exercise was a priority in
educational settings (3). However, since the 1970s, the mandated physical education
requirements have drastically decreased, with CDC statistics indicating that daily PE offerings
in schools dropped from 43% in 1991 to 25% in 1995 (3). This decrease in structured exercise
within schools has contributed to an increasingly sedentary culture, one that carries profound
economic, social, and health-related consequences.

Understanding the root cause of such a decline requires examination. Interestingly, case law
dating back to the late 1880s offers a perspective that may link causation to a solution. Over
100 years ago, there was consensus that parents and schools had a shared responsibility for
the physical as well as the moral and intellectual training of their children. Since then, there
has been a shift away from parental responsibility. Studies in the 1950s and 1960s
documented declining fitness in American children, which was followed for a time by an
increase in the schools’ responsibility. The parents’ responsibility is no longer a priority. This
shift to the schools at the very least provides a platform to discuss what the role of parent
should be and how this might effectively change activity patterns in children. The following
discussion using law and research is intended to show a shift in responsibility and raise the
question of who has a duty to physically train children in today’s world.
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HISTORICAL DECLINE IN SCHOOL SPONSORED “PA” IN THE UNITED STATES

Case law in the U.S. dating back to the late 1880s and early 1990s reveals an expectation
that both schools and parents are responsible for the physical training of children. This is
evident in case law that awarded money damages for the physical training of a child when a
company was found liable for the wrongful death of an employee who was also a parent.
Parental primacy is unmistakable as the courts provided explicit legal recognition of the
importance of both mother and father in the physical training of their children. One court went
so far as to state that the parents were more effective than schools in this role. Beyond the
advantages to the child, some courts expressed the broader purpose to the culture at large
noting the relevance of physical training to industrial activity.

The old saving “put your money where your mouth is” has relevance when the courts award
money damages for the physical training of a child upon the loss of a parent. Clearly, the
responsibility of training did not reside with the school alone. Over the decades, studies have
provided evidence that the burden shifted from the parent to the school. These studies
indicate a decrease in fitness levels in American youth and unfavorable comparisons of fitness
to their international counterparts. As an example, the 1953 Kraus-Weber study found that
American children were far less fit than their European counterparts. The subsequent
establishment of the President's Council on Physical Fitness was intended to help combat the
decrease in fitness levels of America's youth. It is clear that the responsibility was on the
schools to do a better job since the role of family was largely invisible (3).

State statutory law emerged mandating physical education in the school curriculum. In 1866
California became the first state to pass a law requiring twice-per-day exercise periods in
public schools (3). During the 1950s and the 1960s, physical education at the elementary
level experienced tremendous growth, often due to statutory law. However, since the 1970s
the number of schools offering daily physical education has drastically decreased. In fact, the
1995 statistics from the Centers for Disease Control and Prevention (CDC) show a decrease
from 43% in 1991 to 25% in 1995 (3). California offers a clear example of this diminished
statutory commitment. Today, California requires 20 minutes a day (i.e., 200 minutes
averaged over 10 school days), which is a significant contrast from 1866 (4). This is a stark
comparison to the WHQO’s recommendation to the world of 150 minutes per week of moderate
intensity exercise (21).

Case Law in the United States

Industrialization and technology have reduced the need for caloric output for the average
human to survive and perhaps even thrive. It is worth considering legal rulings over a century
ago that explicitly recognized the importance of physical training for children at a time when
daily caloric output was high compared to today. The cases below illustrate the recognition of
a parental role for the fitness of the child. They also comment on the cultural importance of
fitness to industry that in turn has application to the family, the country, and the world.
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Cases 1-2. The Broad Purpose of Physical Education Extends to the National and
International Culture.

Mt. Hermon Boys’ School vs. Inhabitants of Gill (1887)

In Mt. Hermon (14), a boys’ school located on a 400-acre farm was a charitable institution for
the education of neglected boys. The school had a broad educational purpose that included
physical education (Id. at p. 355). This was accomplished in the context of industrial and
agricultural activities in which the boys were required to participate. The farm sold products
(livestock, shoes, wool, etc.) and manual labor was required of the boys to produce the
products. The tax-exempt status of the school was unsuccessfully challenged when the court
found an integration of educational and industrial activity. The court held that the product sales
were consistent with the broad educational purposes of the farm.

With specific regard to physical training, the court noted that boys were required to do 2 hours
of manual labor on the farm each day (Id. at p. 358). The physical development of the boys
by manual labor was found to be consistent with the farm’s educational purpose (Id. at p.
357). The court also found a cultural purpose linked to the boys’ education in stating that the
purpose of the farm’s industrial work was not solely for financial benefit but to “provide for
physical culture, teach how to do various kinds of farm work, form habits of industry, and
inculcate views of manual labor ... (Ibid, emphasis added).”

Board of Education of Bowling Green vs. Simmons (1932)

The court affirmed the power of a city Board of Education to create a combined position for a
nurse/teacher of health and physical education (1). The court further stated that physical
education was a shared duty of the parents and the schools. The court acknowledged a
broader cultural and international purpose stating “...itis therefore the superduty of the school
to teach and to instill into the pupils the notion that health and mental and physical growth are
concomitants to serve the noble future interests of the family, community, nation, and world
(Id. at p. 501 emphasis added).”

Cases 3-6. The Role of Both Mother and Father in the Physical Training of the Child.
The Primacy of Family Over the Schools.

First Wisconsin Trust Company vs. Schmidt (1921)

In First Wisconsin (7), a mother was killed when hit by a car as she was crossing the street.
Liability for her death included the consideration of damages that included the loss of mother’s
educational services to her children. The court stated that the “duty of the mother to minor
children is that of nurture, and of intellectual, moral, and physical training.” The court also
found evidence that the deceased mother rendered these “valuable” educational services to
her daughter” and that without compensation, the child would be deprived (Id. at p. 834).
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Strickland vs. Southern Ry. Company (1918)

In Strickland (20), a father’s death resulted in financial liability for his employer for the loss of
the father’s educational services to his children. The court stated that a child’s loss of training
and educational services “can only be supplied by the service of another for compensation
(Id. at p. 699)” if the parent dies. While it was the father that died, the court included the duty
of the mother to the children for “nurture, and of intellectual, moral, and physical training (ld.
atp.704).”

St. Louis IM & S Ry. Company vs. Maddry (1893)

In St. Louis (21), an ex-soldier receiving a pension was killed in a rear end collision with 2
trains. Liability was imposed on the railroads and the jury was instructed that it had a right to
consider damages relevant to the loss of the children’s physical training because of the death
of their father (Id. at p. 474). On appeal, the court held that (13) the service of a father to
training his children has some pecuniary value and (15) that precise mathematical calculation
of this service is not required.

Hoadley vs. International Paper Company (1899)

In Hoadley (9), a paper mill was liable for its employee’s death (who was a father working on
a pulp digester). The court firmly declared the importance of a child’s physical training stating
“A sound mind in a sound body together constitutes the ideal physical man. It needs no
argument to prove that physical training is as necessary for the well-being of a child as mental
and moral nurture. The experience of everyday life emphasizes this fact (Id. at p. 171).”

Interestingly, the court explicitly commented on the primacy of the family in the education of
the child, placing it above the schools. “The training of the child mentally, morally, and
physically by the parent may be, and often is, more effective and lasting for good than any
instruction received in schools and colleges (Id. at p. 171, emphasis added).”

Case 7. Prioritized Funding to School Physical Education

Board of School of Commissioners of City
of Indianapolis vs. State ex rel (1891)

Differential funding for curricular offerings has also been a legal issue. In The Board of School
of Commissioners (2), there was a statutory mandate that required a city board to introduce
the German language. The school refused the mandate based on insufficient funds in the
school treasury. The court held that a lack of funds was not a sufficient reason for refusing to
offer German after discovering that other non-statutorily required studies were offered at a
greater expense.
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The issue of funding had a particular relevance to “physical training” that the court noted
should be introduced along with German. The published budget showed that $3,000 was
allocated to physical training and areas, such as chemistry, physics, geometry, and English
literature received considerably less. While there was not a comment on these differences in
the text of the case, the differential allocation raised the issue of implied priorities. Clearly,
physical training was a priority.

The International Demographic

The erosion of mandated physical exercise within American education has directly contributed
to a culture of physical inactivity that has exacerbated the public health crises and has strained
the healthcare systems. The consequences of this shift are evident in the widening disparity
between global health recommendations and actual U.S. exercise mandates. While the WHO
recommends at least 150 minutes of moderate-intensity exercise per week (21) in the U.S,,
some states require as little as 20 minutes per day (4). Without immediate intervention, this
disparity will continue to widen, which will lead to an increase in rates of obesity, diabetes,
cardiovascular disease, and associated healthcare costs. Hence, reinstating robust physical
education requirements is not just a matter of improving individual health, it is an economic
and societal necessity. By reforming educational policies to prioritize movement, the epidemic
of physical inactivity can be corrected while also decreasing the long-term healthcare
expenditures that will help to cultivate a healthier and more productive population. The time
to act is now.

Failing to act will only deepen the crisis and further burden future generations with the mental
and physical consequences of our inaction and yet, despite the overwhelming evidence of the
importance of PA, the federal and state-level policies have consistently deprioritized funding
for physical education, community exercise programs, and public health initiatives. While
organizations like the WHO and the CDC emphasize exercise as a key determinant of public
health, recent U.S. policies have largely neglected the promotion of PA in favor of reactionary
healthcare spending.

Although the 2018 Physical Activity Guidelines for Americans highlighted the need for
comprehensive programs that encourage movement across all age groups, the federal
funding for school-based physical education has decreased sharply over the past 2 decades
(14). The lack of a strategy to promote PA in the schools, workplaces, and urban planning
demonstrates a disconnect between policy rhetoric and actionable public health interventions.
Also, the infrastructure investments, such as bike lanes, pedestrian-friendly city planning, and
designated recreational spaces remain poorly funded and seldom used in the U.S. compared
to the other nations (6,12). The disconnect between the public health recommendations and
the governmental action further perpetuates the physical inactivity crisis that places a greater
burden on an already overextended healthcare system.

The financial consequences of this approach are staggering. The U.S. spends over $12,500
per person annually (8), which is more per capita on healthcare than any other country in the
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world. However, this investment has failed to translate into better health outcomes, given that
the U.S. ranks 38th in global life expectancy (15). One of the primary reasons for this paradox
is that the U.S. healthcare spending is largely focused on treatment rather than prevention.
Chronic diseases, many of which are preventable through lifestyle interventions, account
for 90% of the healthcare expenditures. The failure to prioritize exercise and other
preventative measures has led to skyrocketing rates of obesity, diabetes, and heart disease.
In contrast, countries that emphasize preventative healthcare and physical activity, such as
Japan, Sweden, and the Netherlands report higher life expectancy and lower rates of chronic
diseases (17). These countries have robust policies that integrate exercise into daily life
through walkable cities, cycling infrastructures, and mandatory physical education in schools.
The U.S., on the other hand, continues to rely on a reactive healthcare model that treats
illness rather than addressing the root causes of poor health.

The economic burden of physical inactivity extends beyond healthcare costs. Sedentary
lifestyles contribute to higher healthcare costs, increased absenteeism, and lower workplace
productivity. The CDC (2024) estimates that sedentary lifestyles cost the U.S. economy over
$117 billion annually in healthcare expenses alone. Beyond economics, the cultural impact of
physical inactivity is profound. Children today are projected to live shorter and less healthy
lives than their parents, which is largely due to the increase in obesity and the physical
inactivity rates (5,10). The decline in physical education, coupled with increased screen time,
has led to a generation that is less active, more anxious, and at a higher risk for chronic
diseases (22). The systematic reduction of physical education in schools has been a major
driver of the physical inactivity epidemic. Nationally, only 3.7% of schools require daily PE for
all grades (5). Reversing this trend requires policy reforms that reinstate PA as a core
component of education, funding for school-based exercise programs, and urban planning
that promotes movement in everyday life. Without such changes, the U.S. will continue to see
a decline in health, an increase in medical costs, and a decrease in quality of life for future
generations.

CONCLUSIONS

The epidemic of physical inactivity has dire consequences for public health, economic
stability, and the future well-being of the American society. The systematic decline of physical
education, the car-centric urban planning, and the increase in sedentary lifestyles have
compounded the crisis, leading to skyrocketing rates of chronic disease and premature
mortality. Despite the United States’ unparalleled healthcare spending, its failure to
emphasize preventative health measures, particularly exercise, has resulted in worsening
health outcomes compared to nations that prioritize physical activity as an essential
component of daily life. The evidence is irrefutable: Exercise is a necessity, not an option. The
WHO, the CDC, and an extensive body of research affirm that regular physical activity is one
of the most effective ways to prevent chronic diseases, enhance cognitive function, and
extend lifespan (21).
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However, the current U.S. policies continue to neglect the promotion of exercise in favor of
reactive healthcare solutions, which is a strategy that is both financially unsustainable and
ethically indefensible. To combat this crisis, the U.S. must adopt a multi-faceted approach that
prioritizes physical activity at the individual, institutional, and policy levels. This includes: (a)
reinstating mandatory physical education in schools, ensuring that children develop lifelong
exercise habits; (b) investing in urban infrastructure that promotes walking, biking, and access
to recreational spaces; (c) encouraging workplace wellness programs to integrate movement
into the daily routine of American workers; and (d) launching nationwide public health
campaigns that emphasize the necessity of movement for longevity and quality of life.

Without immediate intervention, the consequences will be catastrophic, not just in terms of
escalating healthcare costs, but in the fundamental erosion of public health and economic
productivity. The current administration, policymakers, and public health officials must
acknowledge and address this crisis with the urgency it demands. The time for action is now,
and the solution is clear: Reintegrating exercise into the fabric of American life is not just
beneficial, it is essential for the nation’s future. The negative consequences of physical
inactivity on health are well documented. A nation or world at rest is a serious public health
concern that begs intervention. In the case of children, this intervention must be provided by
the entity that is charged with the duty for physical training. This likely should be with the
schools who must prioritize this duty in the face of the overwhelming importance of the fithess
of its citizens to themselves and the culture.

Address for Correspondence: Alexis King, PhD, Department of Health and Exercise
Sciences, University of the Pacific, Stockton, CA. 95211. Email: aking1@pacific.edu
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ABSTRACT



Namsawang J, Werasirirat P, Singhasoot N, Muanjai P, Nongnuch L. Smartphone Pedometer Apps on Physical and Mental Health and Quality of Life among Overweight Young Adults. JEPonline 2025;28(2):43-52. Currently, young adult women in Thailand have become more overweight. This is mainly caused by a decrease in physical activity, metal health, and quality of life (QQL). However, few studies have evaluated smartphone apps designed to enhance physical and mental health and QQL. The purpose of this study was to compare the effects of a 12-week walking program on physical activity, depression, and quality of life in overweight adult women. The female participants were between 18 and 35 years of age. They were randomly divided into the Walking Group (WG) and the Control Group (CG) with 15 participants in each Group. The WG underwent a 12-week walking program based on their assigned category. Measures of physical activity, depression, and quality of life were conducted at baseline and after 12 weeks. The results showed that the WG had significantly higher steps per day and a Short Form-36 questionnaire score compared to the CG (P < 0.05). Thus, the findings indicate that the walking training using the smartphone apps efficiently enhanced physical activity levels and quality of life. The use of a walking app is highly beneficial and recommended for overweight adults.
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INTRODUCTION



Physical activity (PA) plays an important role in the prevention of several chronic diseases, including hypertension, diabetes mellitus, depression, and overweight/obesity. Particularly, young adults between the ages of 18 and 25 are experiencing a steadily increasing trend of obesity, often due to significant lifestyle changes such as leaving home and transitioning to university or college (24,37). In Southeast Asia, Thailand has the third highest adult obesity rate, following Brunei Darussalam and Philippines (30). The report also highlighted that women aged 20 to 39 years are particularly affected (37). The World Health Organization (WHO) recommends that adults should engage in 150 to 300 minutes of moderate-intensity aerobic physical activity per week to maintain a better quality of life and prevent health-related issues (21). 



Walking is the most common form of PA (5). It is easy to perform and convenient, given that it mimics daily life. Walking is also an adaptable exercise that can be performed at a light, moderate, or vigorous intensity level (4,8). Enhancing walking behavior is a key strategy for improving both physical and mental health, as well as the overall quality of life in adults (3,15,39). Several studies have demonstrated that walking can substantially improve physical and mental health outcomes (13,28). Al-Nawaiseh et al. (2) reported that the use of smartphone apps led to significant improvements in PA among adults. Additionally, multiple studies have highlighted the positive effects of weight loss programs (36) and the improvement in quality of life (13).  



Previous research (41) suggests that a daily step count of 10,000 steps is ideal for overweight adults. Pedometers that measure the number of steps taken became popular over a decade ago as both a tool for tracking and a motivator for daily exercise. Their usage has significantly expanded with the advent of smartphone apps that can collect and store data on daily physical activity, specifically walking (5,17), thereby providing real-time feedback on walking patterns. Pedometers, particularly through mobile devices, are increasingly used, and recent meta-analyses indicate that this technology is a means of promoting physical activity (12,38).



While existing research indicates that physical activity has a positive impact on physical health, mental health, and quality of life, some studies have found no significant effect of smartphone app-based interventions (11,16,32). In this study, it was hypothesized that undertaking daily walking exercise would benefit physical activity, reduce depression, and improve life satisfaction among young overweight adults. It is anticipated that individuals who participate in daily aerobic walking would demonstrate an improvement in their physical activity, reduce depression, and enhance life satisfaction. The purpose of this study was to determine the effects of walking, facilitated by smartphone pedometer apps on physical activity, depression, and quality of life among overweight young adults.



METHODS

	

Subjects

Thirty females between 18 and 35 years of age volunteered to participate. They were recruited from the Chonburi province, Thailand. The Inclusion Criteria required the participants: (a) to have a body mass index (BMI) of more than 23 to 24.9 kg/m2 (18); (b) exercised less than 2 days per week in the past 3 months; (c) an International Physical Activity Questionnaire (IPAQ) less than 1,000 metabolic equivalent of task (MET)-minutes/week; (d) a daily step count  of less than 5000 steps per day (36); and (e) the ability to walk independently. The Exclusion Criteria consisted of: (a) a history of lower extremity orthopedic or neurologic disorders within the previous 6 months; (b) pregnancy; (c) uncontrolled hypertension; (d) or the use of weight loss medications. Prior to taking part in the study, the participants gave a written informed consent. The study conformed to the standards set by the most recent revision of the Declaration of Helsinki, and it was approved by the Research and Innovation Administration Division of Burapha University Ethics Committee (registration number: HS057/2566(C1)). After the baseline assessment was assessed, the participants were randomly assigned to either the Experimental (i.e., Treatment) Group or the Control Group (as shown in Figure 1). The randomization schedule was prepared by the physiotherapist (i.e., by Researcher 1) using a computer-generated randomization sequence. The participants were then assigned for intervention by Researcher 2.  The investigators in this study were blinded.

[image: ]

Figure 1. Flowchart of the Participants.



Procedures 

The experiment lasted a total of 60 days. On Day 0, the baseline data were measured by Researcher 3 before beginning the study on the next day. Thereafter, the interventions were administered 5 consecutive days per week for 12 weeks at consistent times either in the morning or afternoon. All the participants were assessed using daily step counts, the Global Physical Activity Questionnaire (GPAQ), the Beck Depression Inventory II (BDI-II), and The Short Form 36 (SF-36). The participants in the Treatment Group had the "Pacer" smartphone app installed on their phones to track daily step counts that provided a baseline measure of their physical activity. During the 12-week intervention, the participants were instructed to walk at least 10,000 steps per day and record their steps in their diary. In the Control Group, the participants received information on daily recommended physical activity levels. The researcher monitored daily step counts and followed up twice a week via the Line application. 



Daily Step Counts

The participants in Treatment Group used a smartphone pedometer application–based walking intervention. The pacer application was used to track the number of steps taken per day. They attempted to keep the smartphone in their pocket from the time they woke up until the end of the day, just before going to bed, except when showering. Additionally, the participants were provided with a 5-day dietary record form that they completed at baseline and again after 12 weeks.



Global Physical Activity Questionnaire

The GPAQ consisted of 16 questions regarding physical activity undertaken in different behavioral domains, namely work, transport, and discretionary activity. In the work and discretionary domains, the questions evaluated the frequency and duration of 2 different categories classified based on energy expenditure or intensity (vigorous or moderate intensity). The transport domain assessed the frequency and duration of all walking and cycling for transport without any attempt to differentiate between the activities (6).



Beck Depression Inventory II

The participants completed the 21-item self-report inventory with items scored on a scale from 0 to 3, where the higher scores indicated more severe symptoms. The BDI-II demonstrated high internal consistency, strong content validity, validity in differentiating between depressed and nondepressed individuals, and good sensitivity to change (26). The BDI-II included 5 somatic items: loss of energy, change in sleeping patterns, change in appetite, loss of interest in sex, and tiredness or fatigue (28).



The Short Form 36

Quality of life was assessed using the Short-Form 36 (SF-36), which is a generic health status instrument that consists of 36 items across 8 subscales: physical functioning, role functioning (physical and emotional), bodily pain, general health, vitality, social functioning, and mental health (40). 



Statistical Analysis



All the data were analyzed using SPSS version 30. The descriptive data are presented as mean ± SD, and were tested for normality using the Shapiro-Wilk Test. The student t-test was used to compare demographic characteristics. The changes in steps per day, GPAQ, BDI-II I, and SF-36 between the 2 Groups at baseline and 12 weeks post-intervention were compared using independent t-tests. The changes in steps per day, GPAQ, BDI-II, and SF-36 within each Group before and after the intervention were compared using pair t-test. A P-value less than 0.05 was considered statistically significant.



RESULTS



The physical characteristics of the participants in the 2 Groups are given in Table 1 that reported the similarity of the participants. 

After 12 weeks, changes in steps per day, GPAQ, and SF-36 were observed in both Groups, with significant differences in steps per day and SF-36 between the Groups (Table 2). After training, the results showed a significant increase in steps per day and GPAQ in the Treatment Group amid the Control Group; whereas, the Control Group did not show significant changes.



Table 1. Descriptive Parameters of Both Groups.

		

		Control Group

(n = 15)

		Treatment Group 

(n = 15)

		P-values



		Age (years)

		 20.21 ± 1.31

		  20.71 ± 1.07

		0.495



		Height (cm) 

		 68.27 ± 3.82

		  65.71 ± 5.76

		0.259



		Weight (kg)

		     160.29 ± 4.2

		161.29 ± 5.14

		0.785



		BMI (kg/m2)

		 26.52 ± 1.13

		    25.6 ± 1.89

		0.116





The data are expressed as mean ± SD (n = 30, 15 in each Group). Abbreviations: BMI = Body Mass Index.  





Table 2. Descriptive Parameters of Both Groups.

		

		Group

		Pre-Test

		Post-Test



		Steps/Day (steps)

		CG

		  2,607.7 ± 283.31

		 2,407.07 ± 348.42



		

		WG

		2,308.93 ± 349.94

		     17,589.9 ± 705.29a, b



		GPAQ (scores)

		CG

		 525.71 ± 354.7

		     334.29 ± 426.75



		

		WG 

		        946 ± 556.33

		      2,305.71 ± 1,800.76a



		BDI-II (scores)

		CG

		 15.21 ± 6.90

		   15.21 ± 7.99



		

		WG 

		 14.50 ± 5.50

		   14.07 ± 5.77



		SF-36 (scores)

		CG

		 73.12 ± 8.89

		       65.06 ± 10.01a



		

		WG

		 71.17 ± 9.75

		       72.98 ± 11.24b





The data are expressed as mean ± SD (n = 30, 15 in each Group). The student t-test was used for comparison between Groups, and the pair t-test was used within Groups. Abbreviations: GPAQ = Global Physical Activity Questionnaire; BDI-II = Beck Depression Inventory II; SF-36 = The Short Form 36; CG = Control Group; WG = Walking Group. a P < 0.05, compared within Groups. b P < 0.05, compared between Groups.





DISCUSSION



The present study evaluated the efficacy of accumulating 10,000 steps per day on the physical health, mental health, and quality of life outcomes among overweight participants. Our results showed the effects of walking on step per day, GPAQ, BDI-II, and SF-36 in overweight adults. According to the results, this study demonstrated that walking had significant improvements in step per day, GPAQ, and SF-36. Conversely, the Control Group had a significant decrease in SF-36. 



The results are consistent with previous research, suggesting that the regular use of smartphone apps can effectively promote walking behavior. A meta-analysis study on pedometer used by adults reported a significant increase in the number of steps walked per day (23). Step per day was substantially increased after 12 weeks of walking in the Treatment Group; whereas, the Control Group showed a decrease. This finding is similar to the results of previous studies, confirming that walking steps per day is effective in increasing PA and reducing negative mood states (41). Several systematic reviews have shown that walking exercise can decrease depression (20,33,35) and increase quality of life (7).



As a result of the GPAQ in this study, the participants in the Treatment Group showed a significant improvement in their PA level. This study is consistent with the findings of Cleland et al. (9) who assessed the GPAQ in measuring changes in PA level. In addition, the GPAQ is a simple, inexpensive tool for monitoring changes in PA levels at a population level. The increase of GPAQ can be explained by the smartphone apps that helped to facilitate the continuity of programs. Alternatively, it is possible that the awareness of this point in the Control Group had an unexpected opposite effect on their motivation and physical activity (14). 



The results of this study found no significant changes in BDI-II in either Group. However, the walking in the Treatment Group led to greater physical activity and lower BDI scores than in the Control Group. We found this result is consistent with a previous study, which revealed an improvement in BDI-II after a walking smartphone app intervention. Yuenyongchaiwat et al. demonstrated that walking program in overweight adults significantly reduced depression (41). Similarly, Abedi et al. (1) and Shivangi et al. (31) suggested that a walking program that used the smartphone apps was an acceptable and feasible tool to improve physical activity and positively affect mental health, such as depression, by decreasing the BDI score. 



In the framework of physical activity and health interventions, the use of the smartphone applications has been shown to significantly influence quality of life (i.e., as measured by the SF-36). A primary factor contributing to this improvement appears to be the consistent use of the applications that facilitate the development of healthy habits through regular engagement. Smartphone apps play an integral role in promoting physical activity by enhancing motivation that supports the establishment of physical activity as a habit, and providing continuous reminders and tracking functionalities (27). As habitual physical activity is associated with long-term enhancements in motor control, coordination, balance, and reaction times, it also has a positive impacts brain activity and neural plasticity (34). 



However, while smartphone apps can increase adherence to exercise routines and contribute to behavior change, their impact on motivation remains a critical consideration (19). Motivation is essential for ensuring the sustainability of behavior changes beyond the duration of the intervention. The relationship between smartphone usage of the apps, motivation, and the sustained behavior change is complex, given that the apps may either support or undermine intrinsic motivation, which depends on their design and how they are used by the users. Therefore, it is crucial to understand how these apps influence motivation over time and how they can be optimally designed to promote lasting behavior change (22). Such insights are vital for maximizing the effectiveness of interventions aimed at increasing participation in physical activity to enhance health and prevent chronic diseases. This connection suggests that a smartphone application, when thoughtfully aligned with motivational theories and habit-formation principles, can serve as a pivotal tool in promoting long-term health outcomes (25). In a review, Dehghan Ghahfarokhi et al. (10) suggested that for overweight or obese adults, wearable and smartphone-based interventions are effective approaches for promoting physical activity and quality of life.



Limitations in this Study



The present study investigated only women. The changes in physical activity in men remain unclear. 

 

CONCLUSIONS



The present study demonstrated that walking, facilitated by smartphone apps, efficiently enhanced physical activity and quality of life in overweight adult women. Therefore, we recommend the use of walking apps on smartphone for adults who are overweight or obesity.
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ABSTRACT

Namsawang J, Werasirirat P, Singhasoot N, Muanjai P,
Nongnuch L. Smartphone Pedometer Apps on Physical and
Mental Health and Quality of Life among Overweight Young Adults.
JEPonline 2025;28(2):43-52. Currently, young adult women in
Thailand have become more overweight. This is mainly caused by
a decrease in physical activity, metal health, and quality of life
(QQL). However, few studies have evaluated smartphone apps
designed to enhance physical and mental health and QQL. The
purpose of this study was to compare the effects of a 12-week
walking program on physical activity, depression, and quality of life
in overweight adult women. The female participants were between
18 and 35 years of age. They were randomly divided into the
Walking Group (WG) and the Control Group (CG) with 15
participants in each Group. The WG underwent a 12-week walking
program based on their assigned category. Measures of physical
activity, depression, and quality of life were conducted at baseline
and after 12 weeks. The results showed that the WG had
significantly higher steps per day and a Short Form-36
guestionnaire score compared to the CG (P < 0.05). Thus, the
findings indicate that the walking training using the smartphone
apps efficiently enhanced physical activity levels and quality of life.
The use of a walking app is highly beneficial and recommended for
overweight adults.

Key Words: Pedometer, Mental Health, Overweight, Physical
Health, Young Adults
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INTRODUCTION

Physical activity (PA) plays an important role in the prevention of several chronic diseases,
including hypertension, diabetes mellitus, depression, and overweight/obesity. Particularly,
young adults between the ages of 18 and 25 are experiencing a steadily increasing trend of
obesity, often due to significant lifestyle changes such as leaving home and transitioning to
university or college (24,37). In Southeast Asia, Thailand has the third highest adult obesity
rate, following Brunei Darussalam and Philippines (30). The report also highlighted that women
aged 20 to 39 years are particularly affected (37). The World Health Organization (WHO)
recommends that adults should engage in 150 to 300 minutes of moderate-intensity aerobic
physical activity per week to maintain a better quality of life and prevent health-related issues
(21).

Walking is the most common form of PA (5). It is easy to perform and convenient, given that it
mimics daily life. Walking is also an adaptable exercise that can be performed at a light,
moderate, or vigorous intensity level (4,8). Enhancing walking behavior is a key strategy for
improving both physical and mental health, as well as the overall quality of life in adults
(3,15,39). Several studies have demonstrated that walking can substantially improve physical
and mental health outcomes (13,28). Al-Nawaiseh et al. (2) reported that the use of smartphone
apps led to significant improvements in PA among adults. Additionally, multiple studies have
highlighted the positive effects of weight loss programs (36) and the improvement in quality of
life (13).

Previous research (41) suggests that a daily step count of 10,000 steps is ideal for overweight
adults. Pedometers that measure the number of steps taken became popular over a decade
ago as both a tool for tracking and a motivator for daily exercise. Their usage has significantly
expanded with the advent of smartphone apps that can collect and store data on daily physical
activity, specifically walking (5,17), thereby providing real-time feedback on walking patterns.
Pedometers, particularly through mobile devices, are increasingly used, and recent meta-
analyses indicate that this technology is a means of promoting physical activity (12,38).

While existing research indicates that physical activity has a positive impact on physical health,
mental health, and quality of life, some studies have found no significant effect of smartphone
app-based interventions (11,16,32). In this study, it was hypothesized that undertaking daily
walking exercise would benefit physical activity, reduce depression, and improve life
satisfaction among young overweight adults. It is anticipated that individuals who participate in
daily aerobic walking would demonstrate an improvement in their physical activity, reduce
depression, and enhance life satisfaction. The purpose of this study was to determine the
effects of walking, facilitated by smartphone pedometer apps on physical activity, depression,
and quality of life among overweight young adults.

METHODS

Subjects

Thirty females between 18 and 35 years of age volunteered to participate. They were recruited
from the Chonburi province, Thailand. The Inclusion Criteria required the participants: (a) to
have a body mass index (BMI) of more than 23 to 24.9 kg/m? (18); (b) exercised less than 2
days per week in the past 3 months; (c) an International Physical Activity Questionnaire (IPAQ)
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less than 1,000 metabolic equivalent of task (MET)-minutes/week; (d) a daily step count of
less than 5000 steps per day (36); and (e) the ability to walk independently. The Exclusion
Criteria consisted of: (a) a history of lower extremity orthopedic or neurologic disorders within
the previous 6 months; (b) pregnancy; (c) uncontrolled hypertension; (d) or the use of weight
loss medications. Prior to taking part in the study, the participants gave a written informed
consent. The study conformed to the standards set by the most recent revision of the
Declaration of Helsinki, and it was approved by the Research and Innovation Administration
Division of Burapha University Ethics Committee (registration number: HS057/2566(C1)). After
the baseline assessment was assessed, the participants were randomly assigned to either the
Experimental (i.e., Treatment) Group or the Control Group (as shown in Figure 1). The
randomization schedule was prepared by the physiotherapist (i.e., by Researcher 1) using a
computer-generated randomization sequence. The participants were then assigned for
intervention by Researcher 2. The investigators in this study were blinded.

Individuals assessed for eligibility (n=30)

|

Randomized (n=30)

Treatment group (n= 15) Control group (n= 15)

I l

Baseline and 8 weeks assessment

| I

Lost of follow-up (n=0) Lost of follow-up (n=0)
Analyzed (n=15) Analyzed (n=15)

Figure 1. Flowchart of the Participants.

Procedures

The experiment lasted a total of 60 days. On Day O, the baseline data were measured by
Researcher 3 before beginning the study on the next day. Thereafter, the interventions were
administered 5 consecutive days per week for 12 weeks at consistent times either in the
morning or afternoon. All the participants were assessed using daily step counts, the Global
Physical Activity Questionnaire (GPAQ), the Beck Depression Inventory Il (BDI-II), and The
Short Form 36 (SF-36). The participants in the Treatment Group had the "Pacer" smartphone
app installed on their phones to track daily step counts that provided a baseline measure of
their physical activity. During the 12-week intervention, the participants were instructed to walk
at least 10,000 steps per day and record their steps in their diary. In the Control Group, the
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participants received information on daily recommended physical activity levels. The
researcher monitored daily step counts and followed up twice a week via the Line application.

Daily Step Counts

The participants in Treatment Group used a smartphone pedometer application—based walking
intervention. The pacer application was used to track the number of steps taken per day. They
attempted to keep the smartphone in their pocket from the time they woke up until the end of
the day, just before going to bed, except when showering. Additionally, the participants were
provided with a 5-day dietary record form that they completed at baseline and again after 12
weeks.

Global Physical Activity Questionnaire

The GPAQ consisted of 16 questions regarding physical activity undertaken in different
behavioral domains, namely work, transport, and discretionary activity. In the work and
discretionary domains, the questions evaluated the frequency and duration of 2 different
categories classified based on energy expenditure or intensity (vigorous or moderate intensity).
The transport domain assessed the frequency and duration of all walking and cycling for
transport without any attempt to differentiate between the activities (6).

Beck Depression Inventory Il

The participants completed the 21-item self-report inventory with items scored on a scale from
0 to 3, where the higher scores indicated more severe symptoms. The BDI-lIl demonstrated
high internal consistency, strong content validity, validity in differentiating between depressed
and nondepressed individuals, and good sensitivity to change (26). The BDI-Il included 5
somatic items: loss of energy, change in sleeping patterns, change in appetite, loss of interest
in sex, and tiredness or fatigue (28).

The Short Form 36

Quiality of life was assessed using the Short-Form 36 (SF-36), which is a generic health status
instrument that consists of 36 items across 8 subscales: physical functioning, role functioning
(physical and emotional), bodily pain, general health, vitality, social functioning, and mental
health (40).

Statistical Analysis

All the data were analyzed using SPSS version 30. The descriptive data are presented as mean
+ SD, and were tested for normality using the Shapiro-Wilk Test. The student t-test was used
to compare demographic characteristics. The changes in steps per day, GPAQ, BDI-II I, and
SF-36 between the 2 Groups at baseline and 12 weeks post-intervention were compared using
independent t-tests. The changes in steps per day, GPAQ, BDI-Il, and SF-36 within each Group
before and after the intervention were compared using pair t-test. A P-value less than 0.05 was
considered statistically significant.

RESULTS

The physical characteristics of the participants in the 2 Groups are given in Table 1 that
reported the similarity of the participants.
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After 12 weeks, changes in steps per day, GPAQ, and SF-36 were observed in both Groups,
with significant differences in steps per day and SF-36 between the Groups (Table 2). After
training, the results showed a significant increase in steps per day and GPAQ in the Treatment
Group amid the Control Group; whereas, the Control Group did not show significant changes.

Table 1. Descriptive Parameters of Both Groups.
Control Group

Treatment Group

(n =15) (n =15)
Age (years) 20.21 £1.31 20.71 £1.07 0.495
Height (cm) 68.27 + 3.82 65.71 £ 5.76 0.259
Weight (kg) 160.29 £ 4.2 161.29 +5.14 0.785
BMI (kg/m?) 26.52 £1.13 25.6 £1.89 0.116

The data are expressed as mean + SD (n = 30, 15in each Group). Abbreviations: BMI = Body Mass Index.

Table 2. Descriptive Parameters of Both Groups.
Group Pre-Test Post-Test

S G CG 2 607.7 + 283.31 2 407.07 + 348.42
psibay (Step WG 2.308.93 + 349.94 17,589.9 + 705.292b
CG 525.71 + 354.7 334.29 + 426.75
SIFAY) EruEs), WG 946 + 556.33 2.305.71 + 1,800.762
D s CG 15.21 + 6.90 15.21 + 7.99
WG 14.50 + 5.50 14.07 +5.77
CG 73.12 + 8.89 65.06 + 10.012
S50 (Seues) WG 7117 +9.75 72.98 + 11.24b

The data are expressed as mean + SD (n = 30, 15 in each Group). The student t-test was used for
comparison between Groups, and the pair t-test was used within Groups. Abbreviations: GPAQ = Global
Physical Activity Questionnaire; BDI-Il = Beck Depression Inventory Il; SF-36 = The Short Form 36; CG =
Control Group; WG = Walking Group. 2P < 0.05, compared within Groups. ?P <0.05, compared between
Groups.

DISCUSSION

The present study evaluated the efficacy of accumulating 10,000 steps per day on the physical
health, mental health, and quality of life outcomes among overweight participants. Our results
showed the effects of walking on step per day, GPAQ, BDI-II, and SF-36 in overweight adults.
According to the results, this study demonstrated that walking had significant improvements in
step per day, GPAQ, and SF-36. Conversely, the Control Group had a significant decrease in
SF-36.

The results are consistent with previous research, suggesting that the regular use of
smartphone apps can effectively promote walking behavior. A meta-analysis study on
pedometer used by adults reported a significant increase in the number of steps walked per
day (23). Step per day was substantially increased after 12 weeks of walking in the Treatment
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Group; whereas, the Control Group showed a decrease. This finding is similar to the results of
previous studies, confirming that walking steps per day is effective in increasing PA and
reducing negative mood states (41). Several systematic reviews have shown that walking
exercise can decrease depression (20,33,35) and increase quality of life (7).

As a result of the GPAQ in this study, the participants in the Treatment Group showed a
significant improvement in their PA level. This study is consistent with the findings of Cleland
et al. (9) who assessed the GPAQ in measuring changes in PA level. In addition, the GPAQ is
a simple, inexpensive tool for monitoring changes in PA levels at a population level. The
increase of GPAQ can be explained by the smartphone apps that helped to facilitate the
continuity of programs. Alternatively, it is possible that the awareness of this point in the Control
Group had an unexpected opposite effect on their motivation and physical activity (14).

The results of this study found no significant changes in BDI-II in either Group. However, the
walking in the Treatment Group led to greater physical activity and lower BDI scores than in
the Control Group. We found this result is consistent with a previous study, which revealed an
improvement in BDI-II after a walking smartphone app intervention. Yuenyongchaiwat et al.
demonstrated that walking program in overweight adults significantly reduced depression (41).
Similarly, Abedi et al. (1) and Shivangi et al. (31) suggested that a walking program that used
the smartphone apps was an acceptable and feasible tool to improve physical activity and
positively affect mental health, such as depression, by decreasing the BDI score.

In the framework of physical activity and health interventions, the use of the smartphone
applications has been shown to significantly influence quality of life (i.e., as measured by the
SF-36). A primary factor contributing to this improvement appears to be the consistent use of
the applications that facilitate the development of healthy habits through regular engagement.
Smartphone apps play an integral role in promoting physical activity by enhancing motivation
that supports the establishment of physical activity as a habit, and providing continuous
reminders and tracking functionalities (27). As habitual physical activity is associated with long-
term enhancements in motor control, coordination, balance, and reaction times, it also has a
positive impacts brain activity and neural plasticity (34).

However, while smartphone apps can increase adherence to exercise routines and contribute
to behavior change, their impact on motivation remains a critical consideration (19). Motivation
is essential for ensuring the sustainability of behavior changes beyond the duration of the
intervention. The relationship between smartphone usage of the apps, motivation, and the
sustained behavior change is complex, given that the apps may either support or undermine
intrinsic motivation, which depends on their design and how they are used by the users.
Therefore, it is crucial to understand how these apps influence motivation over time and how
they can be optimally designed to promote lasting behavior change (22). Such insights are vital
for maximizing the effectiveness of interventions aimed at increasing participation in physical
activity to enhance health and prevent chronic diseases. This connection suggests that a
smartphone application, when thoughtfully aligned with motivational theories and habit-
formation principles, can serve as a pivotal tool in promoting long-term health outcomes (25).
In a review, Dehghan Ghahfarokhi et al. (10) suggested that for overweight or obese adults,
wearable and smartphone-based interventions are effective approaches for promoting physical
activity and quality of life.
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Limitations in this Study

The present study investigated only women. The changes in physical activity in men remain
unclear.

CONCLUSIONS
The present study demonstrated that walking, facilitated by smartphone apps, efficiently

enhanced physical activity and quality of life in overweight adult women. Therefore, we
recommend the use of walking apps on smartphone for adults who are overweight or obesity.
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ABSTRACT

Taweekarn P, Prasertsri P, Padkao T, Vannajak K. The Effects of Flexibility Exercise Compared with Traditional Thai Stretching on Kyphosis Change. JEPonline 2025;28(2):1-9. Thoracic hyperkyphosis causes spine dysfunction and a decrease in physical function. Thus, thoracic kyphosis curve assessment and rehabilitation programs to decrease the progression of kyphosis are essential for the management of thoracic hyperkyphosis. We hypothesized that flexibility exercise and the Traditional Thai Stretching (Reusi Dudton) can improve thoracic kyphosis. Twenty-eight undergraduate students were divided into 2 Groups (n = 14 per Group): the Flexibility Exercise Group, and the Reusi Dudton Group. Both Groups performed home exercise 3 times a week for 4 weeks. Kyphosis index, kyphosis angle, respiratory function, and balance were assessed. The kyphosis index and kyphosis angle were significantly altered in the post-test following exercise in the Traditional Thai Stretching Group (P = 0.015, P = 0.015). The dynamic balance test after 4 weeks of home exercise was improved in both Groups (P = 0.001). Forced expiratory volume in 1 sec (FEV1), forced vital capacity (FVC), and FEV1/FVC, between the Groups or within the Groups were not statistically significant. The Traditional Thai Stretching improved the kyphosis index, the kyphosis angle, and balance. Hence, the Traditional Thai Stretching exercise has a positive influence in the prevention and rehabilitation of thoracic hyperkyphosis, especially in the improvement in thoracic spine mobility and improvement in balance.


Key Words: Hyperkyphosis, Kyphosis Index, Kyphosis Angle, 

Reusi Dudton, Traditional Thai Stretching Exercise

INTRODUCTION

The spine of the body has a primary or posterior curve, which is the thoracic spine. Kyphosis is a term used to denote a posterior curve. The secondary or anterior curves are the cervical and lumbar regions. Lordosis is a term also used to denote an anterior curve of the lumbar region (15). Although muscles provide dynamic stability, the structure of the spine provides for static stability. Normal alignment of the spine is the first thing that provides effective movement as well as normal trunk mobility. The spine keeps the trunk erect against gravity, thus maintaining the neutral, erect posture that is essential for human movement and participation in activities of daily living (14). Full function of the extremities is represented when the trunk is stable. However, muscle tone will change for the full dynamics of movement and the muscles will have an influence on the alignment of the spine.

In the case of muscle tightness, especially in the muscle group attached to the spine, alignment may be altered. For example, anterior chest muscle contraction tends to increase the posterior curve or increase thoracic kyphosis. Upper cross syndrome accounts for pectoral muscle tightness that causes rounded shoulders that increases the curve associated with thoracic kyphosis. Moreover, the slouching posture is a significant risk factor with regards to thoracic hyperkyphosis. Long periods of slouching while studying with a computer, such as performing writing tasks or during leisure activities with the trunk flexed can lead to long periods of static slouch posture. A long period of rounded shoulders causes pectoral muscle static contraction along with muscle tightness that causes the thoracic or posterior curve to increase.


The biomechanics of a change in the thoracic spine can have an influence on overall health. For example, hypomobility of the thoracic spine, which is referred to as thoracic hyperkyphosis can cause a decrease in trunk extension, respiratory function (6), and balance. Thoracic hyperkyphosis causes greater spinal loads and an increase in trunk muscle burden in the erect position, and it may expedite the degenerative process and dysfunction of the spine while producing pain (4). In fact, it is common that a decrease in physical function is reported in persons with thoracic kyphosis (12), and thoracic hyperkyphosis may cause cervical pain (2) and headaches (17).


A thoracic kyphosis angle assessment and a rehabilitation program are essential to decreasing the progression of kyphosis, and both are essential for the management of thoracic hyperkyphosis (13). The standing radiograph is the gold standard method for assessing thoracic kyphosis, otherwise known as the Cobb method (7). However, a radiological assessment of the thoracic kyphosis would not be common in a clinical setting, so a time efficient, trustworthy, and uncomplicated system of evaluation of thoracic kyphosis would be useful (10). Angular posture and range of motion are recorded via inclinometers (16), which is a useful method in evaluating thoracic kyphosis. Past research suggests that thoracic kyphosis evaluation using gravity dependent inclinometers showed excellent intra-rater reliability (8). Thoracic hyperkyphosis management includes exercise to prevent and decrease hyperkyphosis. Recent research (1) concerning exercise in thoracic hyperkyphosis reported positive effects in terms of increasing quality of life in exercisers using theraband exercises and general active exercises, although the theraband exercises were considered more advantageous in increasing the kyphosis index (1).


Even though thoracic hyperkyphosis can be reduced by numerous conservative treatments, exercise is the main idea for managing excessive curvature of the upper back. In particular, the elastic band resistance exercises have proven to be effective in stimulating the muscles measured via electromyography even though there is no or minimal influence on postural correction (18). Kyphosis angle is the major point of change assessment. Secondary outcomes are lumbar angle, respiratory function, and Oswestry Disability Index and balance, which all affect activities of daily living caused by hyperkyphosis. The flexibility exercise is the standard exercise for hyperkyphosis and traditional Thai stretching exercise known as “Reusi Dudton” has proven positive in terms of results (i.e., the increase in trunk flexibility) (9). For this reason, Reusi Dudton may be useful to increase trunk flexibility and decrease or neutralize thoracic kyphosis. Hence, the purpose of this study was to compare the effect of flexibility exercise with Reusi Dudton on thoracic kyphosis.


METHODS



Subjects

The inclusion criteria were male and female undergraduate students aged 18 to 25 years of age with a kyphosis index between 9 and 15. The participants had no history of back muscle injury or spine injury in the 3 years prior. The exclusion criteria were a kyphosis index less than 9 as well as musculoskeletal pain at the back and the inability to follow the experimental plan. Following recruitment, the participants passing the inclusion criteria gave their written informed consent as approved by the Research and Innovation Administration Division.


Procedures and Sample Size

This study was conducted by incorporating a randomized controlled trial. Following recruitment, the participants were divided into: (a) the Flexibility Exercise Group; and (b) the Reusi Dudton Group (i.e., the Traditional Thai Stretching Exercise Group). The 2 Groups were then compared to assess the effects of exercise. Kyphosis index, kyphosis angle, respiratory function and balance were assessed pre-test and post-test. This study received ethical approval from the Research and Innovation Administration Division, (No. HS061/2565; 2022). Restricted research was conducted in accordance with the ethical approval procedures. All approved changes in the procedures were reported to the ethics committee. Following the completion of the research, the researchers reported to the Research and Innovation Administration Division. Clinical Registry Number: TCTR2023 1004002.

The sample size was estimated based on a pilot study that addressed the effect of exercise on thoracic kyphosis change in 16 persons. Healthy participants with thoracic kyphosis performed flexibility exercises. The main parameter was the thoracic angle. A power calculation was conducted based on a critical α value of 0.05 and a 1 - β of 0.9. In addition to accounting for a 20% dropout rate, it was determined that 18 undergraduate students were required to achieve a power level of 80%. A total of 28 undergraduate students were divided into 2 Groups of 14, the Flexibility Exercise Group; and the Traditional Thai Stretching Exercise Group (i.e., the Reusi Dudton Group). Following group randomization, the exercises were taught and corrected by professional physical therapists in each Group at the outset of the experiment protocol for 1 hour on the same day. Afterwards, the participants engaged in a 1-hour home exercise implementing the same protocol by themselves 3 times per week for a 4-week period with an exercise protocol book and diary to check that the participants followed the exercise regime and sent it back to the researcher on the last day of assessment. Kyphosis index, kyphosis angle, respiratory function and balance were assessed by blind professional physical therapists. during the pre-test to collect the baseline. Kyphosis index and kyphosis angle were assessed immediately post-test. 

After home exercise for 4 weeks, kyphosis index, kyphosis angle, respiratory function, and balance were retested. Kyphosis index was assessed via a Flexicurve ruler, kyphosis angle was calculated by height and length of the thoracic spine with the Flexicurve ruler. Respiratory function was measured via spirometer (CareFusion MicroLab). The balance test was carried out using a time up and go test. Testing was conducted at a physical therapy laboratory room in the afternoon.


Statistical Analyses

We analyzed baseline characteristics, including age, weight, height, body mass index, kyphosis index, kyphosis angle, respiratory function, and balance, per mean ± SD, using independent-sample t for between-group comparisons and paired-sample t-test for within-group comparisons. A P value < 0.05 was considered statistically significant.

RESULTS


Table 1 shows the baseline characteristics of the participants in the Flexibility Exercise Group and the Reusi Dudton Group. 

Table 1. Baseline Characteristics.


		Parameter




		Flexibility Exercise Group

		Reusi Dudton Group



		Gender

		5 Males, 9 Females

		4 Males, 10 Females



		Age (yr)

		  20.1 ± 1.27

		  20.4 ± 1.01



		Height (cm)

		163.2 ± 6.45

		166.6 ± 9.55



		Body Weight (kg)

		  55.1 ± 7.91

		    62.4 ± 12.18



		Body Mass Index (kg/m2)

		  20.7 ± 3.14

		  22.5 ± 3.28





Table 2 reports the kyphosis index. The mean score of kyphosis index in the Flexibility Exercise Group was 11.7 ± 1.34 pre-test, 11.04 ± 1.47 immediately post-test and 11.26 ± 1.72 in 4 weeks post-test. The mean score of Kyphosis Index in the Reusi Dudton Group was 11.36 ± 0.96 pre-test, 10.46 ± 1.37 immediately post-test and 10.85 ± 1.9 4 weeks post-test. Kyphosis Index is represented in Figure 1 and kyphosis index Change is represented in Figure 2. Table 2 reports the mean score of FEV1 in the Flexibility Exercise Group at 3.02 ± 0.54 pre-test and 3.04 ± 0.56 4 weeks post-test. The mean score of FEV1 in the Reusi Dudton Group was 3.07 ± 0.66 pre-test and 3.19 ± 0.74 weeks post-test. Table 2 reports the mean score of FVC in the Flexibility Exercise Group as 3.23 ± 0.52 pre-test and 3.25 ± 0.53 4 weeks post-test. The mean score of FVC in the Reusi Dudton Group was 3.41 ± 0.84 pre-test and 3.51 ± 0.85 4 weeks post-test. Table 2 reports the mean score of FEV1/FVC in the Flexibility Exercise Group as 0.93 ± 0.04 pre-test and 0.93 ± 0.56 4 weeks post-test. The mean score of FEV1/FVC in the Reusi Dudton Group was 0.90 ± 0.85 pre-test and 0.91 ± 0.06 4 weeks post-test. 

Table 2 reports the mean score of balance in the Flexibility Exercise Group as 4.89 ± 0.47 pre-test and 4.8 ± 0.62 4 weeks post-test. The mean score of balance in the Reusi Dudton Group was 4.67 ± 0.51 pre-test and 0.91 ± 0.06 4 weeks post-test. Balance change is represented in Figure 3. Table 2 reports the mean score of respiratory function that consists of FEV1 as 3.02 ± 0.54 pre-test and 3.04 ± 0.56 4 weeks post-test. FVC was 3.23 ± 0.52 pre-test and 3.25 ± 0.53 4 weeks post-test. FEV1/FVC was 0.93 ± 0.04 pre-test and 0.93 ± 0.56 4 weeks post-test in the Flexibility Exercise Group. Table 2 reports the mean score of respiratory function that consists of FEV1 as 3.07 ± 0.66 pre-test and 3.19 ± 0.7 4 weeks post-test. FVC was 3.41 ± 0.84 pre-test and 3.51 ± 0.85 4 weeks post-test. FEV1/FVC was 0.90 ± 0.85 pre-test and 0.91 ± 0.06 4 weeks post-test in the Reusi Dudton Group. Table 2 reports the mean score of balance was 4.89 ± 0.47 pre-test and 4.8 ± 0.62 4 weeks post-test in the Flexibility Exercise Group. Table 2 reports the mean score of balance was 4.67 ± 0.51 pre-test and 4.47 ± 0.31 4 weeks post-test in the Reusi Dudton Group.


Table 2. Parameters Change in the Study.


		Parameter

		Score

		Score Change


     Pre-Post Different

		



		

		Flexibility Exercise Group

		Reusi Dudton Group

		

		



		

		Pre-Test

		Post-Test imme-

diately

		Post-Test 4 weeks

		Pre- Test

		Post-Test imme-

diately

		Post-Test 4 weeks

		

		



		

		

		

		

		

		

		

		Pre-Post Immediately Flexibility Group

		Pre-Post


4 w Flexibility Group

		Pre-Post Imme-    diately Reusi Dudton

		

		 Pre-Post


     4 w           Reusi        Dudton



		Kyphosis Index

		11.7 ±


1.34

		11.04 ±


1.47

		11.26 ±


1.72

		11.36 ±


0.96

		10.46 ±


1.37* P=0.015

		10.85 ±


1.9

		0.66

		0.44

		0.9

		

		0.51



		Kyphosis Angle (degree)

		52.6 ±


5.8

		49.8 ±


6.45

		50.8 ±


7.45

		51.1 ±


4.13

		47.2 ±


6.04*


P=0.015

		48.6 ±


8.31

		2.8

		1.8

		3.9

		

		2.5





		FEV1

		3.02 ±


0.54

		-

		3.04 ±


0.56

		3.07 ±


0.66

		-

		3.19 ±


0.7

		-

		-0.02

		-

		

		-0.12



		FVC

		3.23 ±


0.52

		-

		3.25 ±


0.53

		3.41 ±


0.84

		-

		3.51 ±


0.85

		-

		-0.02

		-

		

		-0.1



		FEV1/


FVC

		0.93 ±


0.04

		-

		0.93 ±


0.56

		0.90 ±


0.85

		-

		   0.91 ±


0.06

		-

		0

		-

		

		-0.01



		Balance Test

		4.89 ±


0.47

		-

		4.8 ±


0.62*


P=0.001

		4.67 ±


0.51

		-

		4.47 ±


0.018* P=0.015

		-

		0.09

		-

		

		0.2





*Statistical significant different within Group (P < 0.05). **Statistically significant different between Groups (P < 0.05).
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Figure 1. Kyphosis Index Change.
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Figure 2. Kyphosis Angle.
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Figure 3. Balance; Second of Time Up and Go.

DISCUSSION


This study conducted a randomized controlled trial to investigate the effect of flexibility exercise and Reusi Dudton on hyperkyphosis, respiratory function, and balance in healthy participants at risk of thoracic hyperkyphosis. A flexicurve ruler was used to measure the thoracic hyperkyphosis curve. The results revealed that the flexibility exercises and Reusi Dudton decreased kyphosis and increase balance.


Awkward habits can be the cause of thoracic hyperkyphosis. The participants were undergraduate male and female students with an age range between 18 and 25 years with a kyphosis index between 9 and 15, which was caused by remaining in a poor posture throughout the study day. Nevertheless, as healthy participants at risk of thoracic hyperkyphosis, the exercises were shown to help correct thoracic hyperkyphosis in that the kyphosis index and the kyphosis angle decreased. Even though all the participants were healthy, the Flexibility Exercise Group presented a kyphosis index of 11.7 ± 1.34 and the Reusi Dudton Group presented a kyphosis index of 11.36 ± 0.96; whereby, the kyphosis index value was greater than 13, which is the mean thoracic hyperkyphosis reading (11). Immediately after exercise, the Flexibility Exercise Group decreased the kyphosis index to 11.04 ± 1.47, and the Reusi Dudton Group had a decrease in kyphosis index to 10.46 ± 1.37, which was a statistically significant change within the Groups. However, there was no statistical difference between the Groups at all time periods. The results were similar to the findings of Xie et al. (19) who reported that a static posture leads to musculoskeletal pain of the neck and upper extremities (3). Furthermore, prolonged poor posture can decrease the craniovertebral angle and lead to a forward head posture and thoracic hyperkyphosis.

Average kyphosis angle at the outset in the Flexibility Exercises Group was 52.6 ± 5.8. After the reassessment, it was 49.8 ± 6.45 and in the Reusi Dudton Group, the baseline was 51.1 ± 4.13 after exercise. Following reassessment, it was 47.2 ± 6.04. This indicates that Reusi Dudton can render a statistically significant change in posture immediately after the Reusi Dudton exercise. Nevertheless, there were no statistical variances between the 2 Groups at all time periods. Respiratory function did not deviate overtime, which was probably due to the exercise emphasis on improving flexibility of the trunk muscles over lung air flow or the muscles indirectly related to respiratory function. Baseline values were normal and, therefore, the participants’ healthy lung function was not affected by the thoracic hyperkyphosis.   


The participants’ balance increased after 4 weeks of home exercise in both Groups. Flexibility reading before exercise was 4.89 ± 0.47 and after 4.8 ± 0.62. Prior to performing Reusi Dudton the reading was 4.67 ± 0.51, and 4.47 ± 0.31 after, which indicates that the improvement in trunk mobility can improve balance, especially amid the balance test, time up and go. These findings also suggest that thoracic hyperkyphosis affects the dynamic balance measurements through speed of time by walking, thus indicating that exercise can correct balance resultant of increased thoracic movement. This finding is supported by prior research incorporating 4 weeks of rubber band exercise and flexibility exercise that decreased thoracic hyperkyphosis (1). Also, research that comprised of traditional Thai self-massage combined with home stretching exercises over a period of 4 weeks increased back flexibility in chronic non-specific lower back pain sufferers using a sit-and-reach test. Although different participants were used, we can assume home stretching exercises that increase back spine mobility can alleviate thoracic spine as well because the sit and reach test indicates overall trunk and lower extremity flexibility (5).


CONCLUSIONS


Flexibility exercise type has an influence on kyphosis by improving thoracic spine movement. Healthy participants at risk of thoracic hyperkyphosis had a positive reaction. Neutralization of thoracic kyphosis was found after implementing Reusi Dudton, which rendered greater benefits than the flexibility exercises only within Groups. The short-term home exercises did not alter respiratory function in either Group, and yet the participants’ balance was increased after 4 weeks of home exercises in both Groups.


_______________________________________________________________________________

ACKNOWLEDGMENTS

This study was financially supported by Faculty of Allied Health Sciences, Burapha University.


_______________________________________________________________________________

Address for correspondence: Kunavut Vannajak, PhD, PT, Physical Therapy Division, Faculty of Allied Health Sciences, Burapha University, Chonburi, Thailand, Email: kunavut@go.buu.ac.th


_______________________________________________________________________________

REFERENCES


1. Abd-Eltawab AE, Ameer MA. The efficacy of theraband versus general active exercise in improving postural kyphosis. J Bodyw Mov Ther. 2021;(25):108-112.

2. Ayub E. Posture and the upper quarter. In: Donatelli RA. (Editor). Physical Therapy of the Shoulder. (2nd Edition). Churchill Livingstone, Melbourne. 1991;81-90. 

3. Binboga E, Korhan O. Posture, musculoskeletal activities, and possible musculoskeletal discomfort among children using laptops or tablet computers for educational purposes: A literature review. J Sci Educ Technol. 2014;23(5):605-616.

4. Briggs AM, Wrigley TV, Tully EA, et al. Radiographic measures of thoracic kyphosis in osteoporosis: Cobb and vertebral centroid angles. Skeletal Radiol. 2007;36(8):761-767.

5. Buttagat V, Techakhot P, Wiriya W, et al. Effectiveness of traditional Thai self-massage combined with stretching exercises for the treatment of patients with chronic non-specific low back pain: A single-blinded randomized controlled trial. J Bodyw Mov Ther. 2020;24(1):19-24.

6. Di Bari M, Chiarlone M, Matteuzzi D, et al. Thoracic kyphosis and ventilatory dysfunction in unselected older persons: An epidemiological study in Dicomano, Italy. J Am Geriatr Soc. 2004;52(6):909-915.

7. Goh S, Price RI, Leedman PJ, et al. A comparison of three methods for measuring thoracic kyphosis: Implications for clinical studies. Rheumatology. (Oxford). 2000;39(3):310-315.

8. Jeremy SL, Rachel EV.   Clinical measurement of the thoracic kyphosis. A study of the intra-rater reliability in subjects with and without shoulder pain. BMC Musculoskelet Disord. 2010;(11):39.

9. Kuptniratsaikul V, Muaksorn C, Koedwan C, et al. Pain reduction, physical performance, and psychological status compared between Hatha yoga and stretching exercise to treat sedentary office workers with mild/moderate neck/shoulder pain: A randomized controlled non-inferiority trial. Complement Ther Med. 2023;(79):102996.

10. Lewis JS, Valentine RE. Intraobserver reliability of angular and linear measurements of scapular position in subjects with and without symptoms. Arch Phys Med Rehabil. 2008; 89(9):1795-1802.

11. Lindsey C, Bookstein NA. Instructional video: Kypholordosis measurement using the flexible curve. APTA Section on Geriatrics. 2007.

12. Ryan SD, Fried LP. The impact of kyphosis on daily functioning. J Am Geriatr Soc. 1997; 45(12):1479-1486.

13. Sahrmann S. Diagnosis and Treatment of Movement Impairment Syndromes. London: Mosby. 2002.

14. Soames R, Palastanga N. Anatomy and Human Movement: Structure and Function. (7th Edition). Elsevier; 2018.

15. Standring S. Gray’s Anatomy. Edinburgh: Elsevier Churchill Livingstone. 2005;39.

16. Valentine RE, Lewis JS. Intraobserver reliability of 4 physiologic movements of the shoulder in subjects with and without symptoms. Arch Phys Med Rehabil. 2006;87(9):1242-1249.

17. Watson DH, Trott PH. Cervical headache: An investigation of natural head posture and upper cervical flexor muscle performance. Cephalagia. 1993;(13):272-284.

18. Welling A, Nitsure P, Comparative study between mat swiss ball and theraband on abdominal girth. Int J Physiothe Res. 2015;3(4). (Online). https://doi.org/10.16965/ijpr.2015.158.

19. Xie Y, Szeto G, Dai J. Prevalence and risk factors associated with musculoskeletal complaints among users of mobile handheld devices: A systematic review, Appl Ergon. 59 (Part A) 2017;132-142. (Online). https://doi.org/10.1016/j.apergo.2016.08.020.


Disclaimer


The opinions expressed in JEPonline are those of the authors and are not attributable to JEPonline, the editorial staff or the ASEP organization.


Journal of Exercise Physiology-online











April 2025



Volume 28 Number 2











�







Editor-in-Chief



Tommy Boone, PhD, MBA



Review Board



Todd Astorino, PhD



Julien Baker, PhD



Steve Brock, PhD



Lance Dalleck, PhD



Eric Goulet, PhD



Robert Gotshall, PhD



Alexander Hutchison, PhD



M. Knight-Maloney, PhD



Len Kravitz, PhD



James Laskin, PhD



Yit Aun Lim, PhD



Lonnie Lowery, PhD



Derek Marks, PhD



Cristine Mermier, PhD



Robert Robergs, PhD



Chantal Vella, PhD



Dale Wagner, PhD



Frank Wyatt, PhD



Ben Zhou, PhD















	



Official Research Journal of the American Society of Exercise Physiologists







ISSN 1097-9751











Official Research Journal of the American Society of Exercise Physiologists 







ISSN 1097-9751







*











_1804671737.xls

Chart1


			Flexibility exercise group			Flexibility exercise group


			Reusi dudton group			Reusi dudton group





Balance Pre


Balance Post4w


Balance; second of Time Up and Go


4.89


4.8


4.67


4.47





FEV1pre-post


						Pretest Group 0 degree			Posttest Group 0 degree			Pretest Group 40-55 degree			Posttest Group 40-55 degree


			No.1			3.19			3.17			2.52			2.54


			No.2			3.08			3.07			2.81			2.78


			No.3			2.87			2.93			2.45			2.43


			No.4			2.08			2.1			3.2			3.27


			No.5			3			3.04			2.1			2.03


			No.6			3.11			3.1			2.98			2.67
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ABSTRACT

Guang Yang, Narisara Premsri, Rujira Nonsa-ard, Hao Gao,
Terdthai Tong-un, Orathai Tunkamnerdthai, Naruemon
Leelayuwat. Effects of Qigong Combined with Wai Khru Muay Thai
on Neck Movement, Thoracic Kyphosis, and Cognition in Older
Adults with Mild Cognitive Impairment: A Randomized Control Trial.
JEPonline 2025;28(2):10-32. This study evaluated the effects of
Qigong combined with Wai Khru Muay Thai (KKQ) on neck
movement, thoracic kyphosis, and cognition in older adults with mild
cognitive impairment. The correlation between both spinal
abnormalities and cognition was examined. In an acute experiment
(pre-intervention), participants in the Control Group (CG) and the
Exercise Group (KKG) performed a 30-minute reading/KKQ. Post-
intervention, the CG and the KKG performed sedentary life and 60-
minute KKQ/day, 3 days/week, 12 weeks, respectively. Pre- and
post-intervention cognition were assessed and responses of both
spinal abnormalities to a single bout of KKQ/reading was measured.
The results showed that spinal abnormalities were improved after
acute and training without any correlation with cognition (P < 0.01).
In conclusion, KKQ improved spinal abnormalities after acute
experiments with more consequences after training in older adults
with mild cognitive impairment. Also, the training increased cognitive
function independently of the improved spinal abnormalities.

Key Words: Cognition, Khon Kaen Qigong, Spinal Abnormalities
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INTRODUCTION

This article is from a multidisciplinary investigation on the effects of a novel exercise, Khon
Kaen Qigong (KKQ), on multiple body systems in older adults with mild cognitive impairment
(MCI). Previous publications have reported its exercise intensity (36), acute effects on heart
rate variability (16), cardiopulmonary (36) responses, and training effects on psychological
responses and physical fitness (17) in older adults with normal cognitive function. This article
is the first that focuses on describing the influences of KKQ’s acute and training effects on
neck movement and thoracic kyphosis and training effect on cognitive function in older adults
with mild cognitive impairment (MCI).

By 2050, Thailand’s elderly population is estimated to reach 30% of the whole population (31).
During aging, around 100,000 neurons degenerate daily, causing cognitive dysfunction and
postural issues (10). Mild cognitive impairment (MCI) lies between normal aging and
dementia (23) and can be assessed by Montreal Cognitive Assessment (MoCA) Test Scores
(4). Much evidence suggest that cervical spine health may influence cognitive function
(29,37). Previous studies also demonstrate that poor cervical mobility, particularly forward
neck bending, can affect carotid artery patency, leading to reduced cerebral blood flow and
increased risk of cognitive impairment (29,37).

In addition, thoracic kyphosis has multiple negative impacts related to MCI (7). The spinal
posture can be considered as an indicator of latent cognitive decline in community-dwelling
older population (22). It restricts breathing and could make the head lean forward (24), which
contributes to compressing neck blood vessels that affects brain blood and oxygen supply
that also increases the risk of MCI (29,37). Aerobic exercise was reported to reduce central
arterial stiffness that leads to an increase in cerebral blood flow, which may contribute to
improved neurocognitive function in patients with MCI (28). Therefore, improving both cervical
and thoracic abnormalities seem to have a positive influence on cognitive function for these
patients.

Khon Kaen Qigong (KKQ) integrates Chinese exercises (Baduanjin and Wuginxi Qigong) with
the Thai martial art, Muay Thai (Wai Khru session). Both modes of exercise focus mind and
body comprising simple and slow movements and high concentration. It also includes
breathing exercises during the whole-body movements that target the neck, shoulders, trunk,
and lower limbs (36), which potentially benefits the neck and thoracic movements.
Importantly, both modes of the exercise are deeply rooted in the Chinese and Thai culture
and tradition that provides a connection to history and lineage. This cultural aspect can be a
significant motivator and source of inspiration for some practitioners. Taken together, KKQ
seems to be suitable for the elderly to improve their structure and movement of the spine.

Based on literature reviews, Baduanijin reduces pain and improves cervical spine range of
movement in middle- and elderly participants with neck pain (13,19). Although Wugqinxi
reduced neck pain and improved disability, it had no effect on neck movement (13).
Furthermore, there are no prior research papers on thoracic kyphosis by Wuginxi and
Baduanijin. Also, there are no previous articles on both spinal abnormalities by Wai Khru
Muay Thai. In addition, previous studies in Baduanjin (13,35) and Wuginxi (11) showed
improved MoCA in older people with MCI. To date, no studies have examined the acute and
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training effects of Wai Khru Muay Thai and KKQ on neck movement, thoracic kyphosis, and
cognitive function in older adults with MCI.

Hence, the purpose of this study was to investigate the acute and training effects of KKQ on
neck movements and thoracic kyphosis in adults 60 to 75 years of age with MCI. Also, this
study explored the training effects on cognitive function in the participants. The third purpose
was to examine the training effect on a correlation between both spinal abnormalities and
cognitive function. We used a relaxation activity that involved reading Buddhist scriptures as
a Control Group at the start of the experiment to assess the acute effects, while a sedentary
lifestyle as a Control Group served to evaluate the training effect. The hypothesis posits that
KKQ improves neck movement, thoracic kyphosis following acute condition and improves
spinal abnormalities and cognition after training among older adults with MCI. In addition, we
hypothesized that the improvement in the spinal abnormalities will contribute to the increase
in cognitive function.

METHODS

Experimental Design and Setting
This was a randomized control, open-blinded, trial performed at the Faculty of Medicine,
Khon Kaen University, and communities, Khon Kaen, Thailand.

Participants

The study was approved by the Khon Kaen University Ethics Committee for Human Research
based on the Declaration of Helsinki (EC) on June 8, 2021. It was registered in the Thai
Clinical Trials Registry (TCTR20211228001) on December 28, 2021. The recruitment ranged
from June 2021 to September 2022 from the community near Khon Kaen University in
Thailand through advertising on university and city websites and direct contact with staff and
participants.

The exercise sample size estimated for this study was based on neck movement. G*Power
3.1.9.4 (Heinrich-Heine-Universitat Dusseldorf, Disseldorf, Germany) was used to estimate
the required sample size. Based on the calculation, estimated sample size was 60 people in
2 groups of 30 with a power of 80% to detect changes and an alpha of 5% (a Cohen effect
size was set at 0.45). The dropout rate was set at 20%.

Before the experiment started, all the participants were told verbally and in writing about the
experiment including possible risks before voluntarily signing the consent form. They were
recruited through physical examinations, health questionnaires, physical activity readiness
guestions (PAR-Q), cognitive impairment assessment (MoCA), and blood biochemistry. They
were recruited if they had no mental problems or diseases that affect the exercise. Their
MoCA scores were lower than 26 and the scores were added one point for the participants
who had more than 12 years of education (9). They had no family history of any genetic
diseases and no physical exercise experience such as Tai Chi, meditation, Yoga, and Qigong
longer than one year. They did not regularly smoke and/or drink alcohol. The participants
were excluded if they had a medical condition (such as cancer, cardiovascular disease,
neuromuscular disease, or severe obesity, drug use or psychological issues) that would
significantly limit participation in KKQ. The CONSORT Flowchart containing details of
participant enrollment and progress through the RCT is displayed in Figure 1.
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[ Enrollment ] Assessed for eligibility (n=66)

Excluded (n=16)
—| e Not meeting inclusion criteria (n=12)
e Declined to participate (n=4)

Randomized (n=50)

!

Allocation ] v

Allocated to control group (n=25) Allocated to Khon Kaen Qigong
group (n=25)

A 4

)

Follow-Up ]
J

e

Discontinued intervention (medical Discontinued intervention (medical
problem) (n=2) problem) (n=3)

[ Analysis ]
Analysed (n=23) Analysed (n=22)

Figure 1. Flowchart of Study Protocol.

The randomized controlled trial for this study was a simple, random allocation sequence of
1:1 using the Research Randomizer, and participants were assigned to the Exercise Group
(KKG) or the Control Group (CG) using their unsorted identification codes. The codes were in
the same size and color opaque envelopes. The Group were coded by a researcher at the
Exercise and Sport Sciences Development and Research Group. All outcome adjudicators,
data collectors, data analysts, and participants were blinded to the intervention codes until
the study was completed.

Protocols

A protocol of this study is shown in Figure 2. After the participants passed the screening, their
anthropometry and body composition were measured to assess baseline characteristics.
Then, they were randomly allocated to 1 of 2 Groups: The Control Group (CG), and the
Exercise Group (KKG). Both groups performed 2 experiments examining acute and training
effects.

KKG

The participants in the KKG attended the laboratory for 3 visits (Figure 2). During their 1t visit,
they familiarized themselves with a single bout of 30-minute of KKQ (Figure 3 and Table 1).
Two days later during the 2™ visit (i.e., the pre-intervention), they arrived at the laboratory at
8 am to measure the acute effects on neck movement and thoracic kyphosis before (baseline)
and after the 30-minute KKQ exercise. After the 2" visit, they trained 60-minute KKQ/day, 3
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days (at least one day apart)/week for 12 weeks. The training effects were measured on the
3" visit (post-intervention that was the same as on the 2" visit) compared with the 2" visit.
MoCA was assessed before performing Qigong on the 2" and 3" visits.

| Screening |
- Medical history

| - Physical examination |

|- Physical Activity Readiness Questionnaire (PAR-Q)|

|- Anthropometry |

I Body composition r_|

| - Montreal cognitive assessment (MoCA) :

_______________ Visit 1 Sedentary life Visit 2
Reading (12 weeks) Reading

CG " (30 minutes) | —| (30 minutes)
Randomly Visit 1 Visit 2 KKQ Visit 3
Familiarizationto {__| KKQ — (60 minutes/day, — KKQ
(30 minutes)

KKG | KKQ (30 minutes) 3 days/week,12 weeks) (30 minutes)

A K K

Pre-intervention Post-intervention

Cognitive function, Neck movement and Thoracic kyphosis

Figure 2. Protocol of this Study. Abbreviations: CG; Control Group, KKG; Khon Kaen
Qigong Group, KKQ; Khon Kaen Qigong.

KKQ Intervention

The KKQ exercise started with a 5-minute warm-up activity followed by two bouts of KKQ
exercise that included 12 movements (Figure 3 and Table 1). To prevent injury caused by
KKQ, the participants began with a warm-up before the familiarization session and every
KKQ session during the training period. All the participants were required to stay in the
laboratory for evaluation before returning home after the absence of any injury symptoms. An
exercise leader was provided to guide the participants during the familiarization session and
every KKQ session that was done in the community. The leader had been engaged in Qigong
for 2 years. During the training, all the participants received a diary to record the KKQ
practice and injury. They returned the diaries to the researcher on the 3™ visit.

CG
The participants attended 2 visits similarly to the 2" (pre-intervention) and the 3" (post-
intervention) visits of the KKG except for the control activities when the participants in the CG
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read a Buddhist book for 30 minutes in sitting. For 12 weeks, those in the CG lived a
sedentary life (in which they did not perform any regular exercises).

Figure 3. Khon Kaen Qigong Postures.
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Table 1. Description of Khon Kaen Qigong Postures.
NO. Postures Name

Postures Description

1.

Ready position:

Adjusting the breath

(modified from the
movement of the
Wugqinxi).

Pay homage and
archer shooting
(modified from the
movement of the
Baduanjin and Wai
Khru Muay Thai).

The tiger's paws
(modified from the
movement of the
Wugqinxi).

The tiger’s walk
(modified from the
movement of the
Wuginxi).

Abdominal massage

(modified from the
movement of the
Baduanjin).

Swinging the head
and lowering
(modified from the
movement of the
Baduanjin).

Start by standing up straight, with your feet together and your eyes looking
straight, then spread your legs so that they are roughly shoulder width apart, then
slowly raise your arms from the front out in a straight manner. Until parallel to the
floor, inhale through your nose, then fold your arms and draw toward your torso,
then bring the arms down, along with the mouth closed, and gently blow air out of
the mouth until you return to the original position.

First, put your feet together, then make a gesture, bend your knees and hands at
chest level, then raise your head, then return to chest level, clench your fists,
make a power motion, pull the crossbow to the left side of your torso, tilt the bow
45 degrees, then twist, rotate the bow 45 degrees back.

First, stand with your feet close together, then reach your feet toward your
shoulders, stretch out your wrists, and then cross your fingers, like a tiger. Then
bend your elbows and raise your fists to your torso. Then, raise your hands above
your head and inhale until your arms are straight and your hands are straight.
Next, fold your fingers in half to form a tiger claw and grip. After clenching, slowly
lower the hand to chest level, while closing the mouth, slowly blow the exit wind,
raise the elbow so that the fingertips on both sides point to chest level, then
slowly lower the hand to the sides of the torso. Then return to the original
position.

You stand up on your feet first, then move one foot towards your shoulders, then
grab your body with your hands, then inhale through your nose, then close your
mouth, then place your arms out in front of you. Then fold your wrists like a tiger's
paw, put your left foot forward, and squat. Repeat, switching from the left foot to
right foot. Return to a straight position, re-extend your legs on your shoulders,
then step your left foot forward again while crouching and bending your arms,
crossing them horizontally across your chest and clenching your hands. Repeat,
by switching legs, step forward with your right foot and return to the original
position.

First, stand with your feet close together, then straighten your legs, then extend
your arms above your head, and inhale through your nose. Put both your arms at
your sides, wrap them in your mouth at the same time, then blow with your
hands, then drag your hands up to your chest, then open your hands. Slide your
hand down, push your hand to the right lower abdomen, then pull your hand up
and across your upper abdomen. Then, to the left, then down, to your lower
abdomen. Then draw your hands to the sides, then move your hands to your
ankles, then straighten your arms, then lift your head, then inhale through your
nose until your arms are straight and your head is straight. Then gently lower the
arms, while closing your mouth, until back to the original position.

Start by standing and extending your wide legs around your head, shoulders,
hands, feet, waist, then bend your knees and extend your wide legs to the side.
Lean to the left, then bend over, rotate to the right, lean to the right until you
return to the torso position, bend your knees, straighten your body, and then
return to the starting position.
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10.

11.

12.

Bird exercise (Learn
from the movement
of the Wuqinxi )
(modified from the
movement of the
Wugqinxi).

Monkey picking the
fruit (modified from
the movement of the
Wugqinxi).

Thrusting the fists
(modified from the
movement of the
Baduanjin).

Punch (modified
from the movement
of the Wai Khru
Muay Thai).

Raising and
lowering the heels
with purse lip
breathing (modified
from the movement
of Baduanjin mix
wtih Arm swing
exercise).

Closing form with
purse lip breathing
(modified from the
movement of the
Wugqinxi).

First, stretch your legs, stretch your shoulders, and hold your arms against
your body, then stretch your arms and cross your arms until your arms reach
toward your head. Then reach your arms toward your torso, toward your
back, and close your mouth at the same time, then blow when your arms
reach torso level. Extend your arms behind you, then extend your left leg
behind you, and stand up straight with your right leg. Repeat, but change
from the left leg to the right leg, and then return to the original position.

First, the legs are together, the legs are wide, about the side of the head,
shoulders, arms and torso, the hands are covered on the forehead, and the
legs are tilted forward, 45 degrees to the left, then 45 degrees to the right,
then 45 degrees to the left. With each step, you should cover your forehead
with your hand, keep your stride in line with your leg, and take as long a
stride as possible, pull your left foot back over your torso, bend your knees
slightly, and pull your hand back to cover your forehead, but this time put
your elbow under your chin, as if looking at fruit on a tree, and extend your
right arm. Bring your hands up, bring your left foot back, bring your body
back, bend your knees, bring your left foot back, bring your right hand back,
bring your palm back. Hold your right elbow with your left hand, as if looking
at the fruit in your palm, and then go back to square one.

Start with your feet together, then straighten your legs as far as possible,
bend your knees, clench your fists, and place them in the groin area. Then
raise your left arm straight in front of you, shoulder level, hands clasped, and
inhale through your nose. Then close your mouth and exhale while pulling
your arms back to your torso. Then there is the movement of the right arm.
Do the same with your left arm, then return to the original position.

From a standing position, bring your feet together, tilt your legs forward, 45
degrees to the left, squat, and repeat your hands forward. Then swing back,
repeat, but change from left to right, and return to the starting position.

Heel strikes. Get ready for breathing exercises. Stand on your legs first,
then, raise your arms up, then inhale through your nose. Then drop your
arms to the front, shoulders level, while closing your mouth, exhale slowly,
then halve your body. Finally, quickly extend your arms toward your torso
while exhaling and fully reaching your feet toward the balls of your feet.

Stand with your feet close together, then spread your feet apart, your
shoulders wide, and reach your arms out to your sides. Then raise them
over your head, inhale through your nose, and lower your arms while
wrapping them around your mouth, then slowly exhale, then return to your
original position.
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Outcome Measurements

Anthropometric and Body Composition Measurements

The participants’ height and weight were measured using a rangefinder (DETECTO, Missouri,
USA). The subject's waist and hip circumferences were measured with a plastic tape
measure. Body composition was measured by dual-energy X-ray absorptiometry (DEXA)
(Lunar Prodigy whole body scanner, GE Medical System, USA). Height and weight values
were accurate to 1 cm and 0.1 kg, respectively and body mass index (BMI) was calculated
using weight (kg)/height (m)2.

Neck Movement

A Cervical Range of Motion Instrument (Performance Attainment Associates, St. Paul,
Minnesota, USA) was used to collect neck movement data (Figure 4). This device has been
shown to be a reliable and reproducible tool (20) for functional measures of head and neck
mobility, i.e., cervical flexion-extension, lateral flexion, and rotation. The criterion validity and
reliability of the Cervical Range of Motion (CROM) goniometer for measuring cervical
movement has been established through various studies that have demonstrated its
effectiveness in clinical assessments (6,30). The measurements of this device were done by
the same researcher who had high skill of using this device.

Figure 4. Measurement of Cervical range of Motion (CROM, Performance Attainment
Associates, St. Paul, Minnesota, USA) in the Frontal (A) and Sagittal (B) Planes (8).

All the participants were asked to sit on a stool with their feet flat on the floor and their arms
relaxed on their laps. After a brief instruction and demonstration, the participants were asked
to perform 2 repetitions as a warm-up to achieve a maximum range of motion before the
measurement. Then, the participants were tested 3 times in each direction, and the average
value of the 3 times was taken as data. During the measurement, to ensure that the subject
did not move the shoulder while performing the test, the subject's shoulder was closely
watched during the measurement to check that it was in a neutral position.

Thoracic Kyphosis

The researcher used 7" cervical vertebrae-wall distance (C7WD) method, which used 2 rigid
rulers to measure thoracic kyphosis (33) (Figure 5). The C7WD method has excellent validity
and reliability, and it is used to screen and monitor severity of thoracic hyperkyphosis in
clinics and communities (2,27,34).
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Figure 5. Measurement of the 7'" Cervical Vertebrae-Wall Distance (33).

In the starting position, the participants were measured while standing upright with bare feet,
with their heels, sacrum, and back against a wall. The head was in a neutral position, as
determined using the inferior orbital margin and the superior margin of the acoustic meatus in
a horizontal plane (Figure 5A).

During the measurement (Figure 5B), the palpation method was used to locate the 7%
cervical vertebra, which is the spinous process of the neck. Then, 2 rulers were used to
measure. The researcher held both rulers horizontally, ruler 1 was placed on the protruding
7" cervical vertebra. Ruler 2 was used to quantify the vertical distance from the first ruler to
the wall to measure vertical distance from C7 to the wall. The participants were measured 3
times with adequate rest periods between measurements, and averaged data were used for
data analysis. Amatachaya et al. (2) classified thoracic kyphosis from C7WD as follows: mild
kyphosis (< 5 cm), moderate (5.1 - 8 cm), and severe (> 8 cm).

MoCA

Cognitive function was assessed by the MoCA that has a high sensitivity and specificity
(21,26). MoCA ranges from 0 to 30, with higher scores indicating better neurocognitive
function. The MoCA scores were increased 1 point in the participants who had more than 12
years of education (9).

Statistical Analyses

The data were analyzed using a Statistical Package for the Social Sciences (SPSS) for
Windows, version 28.0 (IBM Corp., Armonk, NY, USA). Shapiro wilk was used to test the
normal distribution of the data, and descriptive statistics were used to summarize the limited
characteristics of the participants. All the data are represented as mean + SD for normal
distribution or median (interquartile range, IQR) for non-normal distribution. The difference
within and between Group data were analyzed by repeated measured ANOVA. Post hoc test
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was used to indicate a pair of significant differences. Statistical significance was achieved
with a P < 0.05.

RESULTS

A flow chart of studies outlined in the Statement of Consolidated Standards for Reporting
Trials (CONSORT) is presented in Figure 1. Out of 50 participants, 23 participants in the CG
(22 female, 1 male) and 22 participants in the KKG (21 female, 1 male) completed the study.

Characteristics of the Participants

All characteristics of the participants were similar between groups (Table 2) except the MoCA
scores. The MoCA scores of the KKG are significantly higher than the CG (P < 0.01) but
within the inclusion criteria (< 26).

Table 2. Baseline Anthropometric and Physiological Characteristics of Participants.

Age (yr) 64.6 + 3.07 66.3 + 5.08 0.173
Gender (female/male) 22/1 21/1 -

Smoking: Yes (number, %) 434 % 0, % -

Drink alcohol: Yes (number, %) 8.70, % 455 % -

Hypertension: Yes (number, %) 39.1, % 36.4, % -

Diabetes Mellitus: Yes (number, %) 30.4, % 9.09, % .

Years of Education (yr) 4(4-4) 4(4-4) 0.070
MoCA Score 20.6 + 3.07 23.5(22.00-25.00) 0.001
Weight (kg) 56.3 + 10.39 56.0 + 8.75 0.542
Height (m) 1.52(1.48-1.56) 1.51(1.48-1.55) 0.542
Body Mass Index (kg/m?) 24.3+3.72 25.3 + 3.39 0.357
Waist Circumference (cm) 85.8 + 12.81 87.4 +8.43 0.632
B Clreumieienss (@) 94(90.50-104.5) 98.8 + 6.74 0.534
Waist/hip Circumference Ratio 0.89 + 0.06 0.88 + 0.06 0.510
Resting Heart Rate (beats:min™) 67.1 + 8.59 62.5(55.75-70.75) 0.161
Systolic Blood Pressure (mmHg) 132.6 + 21.20 134.8 + 17.12 0.703
Diastolic Blood Pressure (mmHg) 78.0 + 11.68 76.0 + 7.86 0.515
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I (RS PTERE iliinl) 93.3 + 18.34 91.0(80.25-97.50) 0.915

e[Sl QA SEE () 96.6 + 1.53 96.0(94.00-98.00) 0.262

All the Data are Represented as Mean + SD for Normal Distribution Data or Median (Interquartile Range,
IQR) for Non-Normal Distribution data (n = 45; CG = 23, KKG = 22). P Presents Significant Differences
Between Groups. Abbreviations: CG = Control Group; KKG = Khon Kaen Qigong Group; MoCA =
Montreal Cognitive Assessment.

Furthermore, before starting a session of KKQ/reading at pre-intervention all the participants
had limited movements of neck flexion, lateral flexion to both sides, rotation to both sides.
Moreover, about 34.8% and 22.7% of the participants had limited neck extension and about
60.9% and 72.7% had C7WD in the CG and the KKG, respectively (Table 3).

Table 3. Neck Movement and C7WD Before a Session of KKQ/Reading at Pre-
Intervention of All Participants and Number of Those Who had Spinal Abnormality (n)
in Both Groups.

CG n (had spinal KKG n (had spi_nal P-value I\rlg;rggl

(n = 23) abnormality) (n =22) abnormality) (25)
Neck Flexion (°) 47.8+2.76 23 49.9 + 1.58 22 0.52 =>80°
Neck Extension (°) 37.3+3.85 8 42.4 +2.13 5 0.35 =50°
(No;eCk Lateral Flexion to Right 55 9., 1 45 23 315+ 1.50 22 0.23 >45°
Neck Lateral Flexion to Left (°) 27.3+1.72 23 30.L0+1.71 22 0.27 245°
Neck Rotation to Right (°) 54.3 £ 3.03 23 57.1+1.98 22 0.45 =80°
Neck Rotation to Left (°) 59.5+ 3.04 23 57.6 £2.45 22 0.63 =>80°
C7WD (cm) 6.11 £ 0.27 14 6.0+0.17 13 0.85 <5cm

The data are presented as Mean + SE. n = The Number Who had Abnormal Neck Movements and
Thoracic Kyphosis. Independent sample t test was used to test the significance of differences between
Groups. Abbreviations: CG = Control Group; KKG = Khon Kaen Qigong Group; C7WD = 7t Cervical
Vertebrae-Wall Distance.

Participants’ Compliance with the Exercise Program
Participants had higher than 90% compliance with the exercise training.

Acute Effect

All data of acute effects are at pre-intervention in Figures 6, 7, 8, and 9. After a single bout of
KKQ/reading, the KKG had significantly higher neck extension (Figure 6A) and rotation to the
right (Figure 7A) (Both were P < 0.01) but lower wall-distance (P < 0.001, Figure 8) than the
CG. Compared with the baseline within group, the KKG had an increase in neck rotation to
the right (P < 0.05) and a decrease in wall-distance (P < 0.01) but the CG had a decrease in
neck extension and an increase in C7WD (Both were P < 0.01). Other neck movements were
not significantly changed (Figures 6B, 7B, 8, 9A and B).
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Figure 7. Neck Rotation to Right (A) and Left (B) Before and After a Session of 30-Minute KKQ/Reading
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Training Effect

There were no significant differences between pre- and post-intervention of all variables in
both Groups. However, in a single session of KKQ/reading after 12 weeks, the KKG had
significant increases from baseline and was higher than the CG after a single session of KKQ
in all movements of neck (P < 0.01-0.001, Figures 5, 6, and 8). Besides, the KKG had a
significant decrease in C7WD after KKQ session compared to baseline and lower than the CG
(P < 0.001, Figure 7). However, the CG did not have any changes in neck movements
(Figures 5, 6, and 8) except for a decrease in neck extension (Figure 6A) and there was an
increase in the wall-distance after the reading session (P < 0.01, Figure 7).

In participants who had limited spinal abnormalities, before the exercise session, the training
significantly improved all neck movements (P < 0.05, 0.001) but did not change thoracic wall-
distance. However, the KKG had better neck movements and C7WD than the CG after the
training (P < 0.05-0.001, Table 4). The CG had no changes in all neck movements and
impaired C7WD (P < 0.05). After 12 weeks, the KKG had increased and greater MoCA
scores than those in the CG (23.2 + 2.10, 26.5 (3) at pre- and post-intervention in the KKG vs.
21(5) and 21.3(3) at pre- and post-intervention in the CG; P < 0.01).

In addition, after 12 weeks the number of participants in the KKG who had mild (n =10ton =
11) and moderate (n = 12 to n = 11) severity of thoracic hyperkyphosis increased and
decreased respectively. In contrast, the number of participants in the CG who were mild (n =9
to n = 7), moderate (n = 14 to n = 15), and severe (n = 0 to n = 1) severity of thoracic
hyperkyphosis decreased and increased, respectively.

Correlation of MOCA and Neck Movement and Thoracic Kyphosis
At pre-intervention before a single session of KKQ/reading, the MoCA score was moderately
correlated with neck rotation to left in the CG only (Table 5).

After training, the MoCA scores were moderately correlated with neck lateral flexion to right
and left, neck rotation to right, and C7WD in the overall, and with C7WD in the CG. There
were no significant correlations between the MoCA scores and spinal abnormalities in the
KKG (Table 6).
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Table 4. Neck Movement and C7WD of All Participants and Number of Those Who Had Abnormal Neck Movement and
Thoracic Kyphosis (n) Before and After 12 Weeks in Both Groups.

e ral\rlw(;rem (3|5)
inteslreer-ltion intelj\(/):;-tion n inteslreer;tion POSHIMIEREIIE:
Neck Flexion (°) 47.8+2.76 23 49.9+191 23 499+158 22 57.3 + 1.66***## 22 280°
Neck Extension (°) 37.3+3.85 8 40.1 £ 4.93 5 42.4 +£2.13 5 48 1 =>50°
Neck Lateral Flexion to Right (°) 28.9 +1.45 23 26.6+1.10 23 315+150 22 35.3 + 1.42*##H# 18 245°
Neck Lateral Flexion to Left (°) 27.3+1.72 23 27.7+1.29 23 30.0+1.71 22 35.9 + 1.04* ¢ 20 245°
Neck Rotation to Right (°) 54.3 + 3.03 23 55.6 + 1.58 22 57.1+198 22 65.8 + 1.46***#t# 22 >80°
Neck Rotation to Left (°) 59.5 + 3.04 23 61.5+2.04 23 57.6+245 22 66.6 + 1.32**# 21 >80°
C7WD (cm) 6.11 + 0.27 14 6.45 + 0.29* 16 6.05+0.17 13 5.60 £ 0.12# 11 <5cm

The Data are Presented as Mean + SE; n = 45, CG (Reading) (n = 23) and KKG (KKQ) (n = 22). n Shows the Number of Participants Who Had
Spinal Abnormalities. **P < 0.01, **P < 0.001 Within Group. # P < 0.01, ##P < 0.01 Between Groups at the Same Time Point. Abbreviations: CG
= Control Group, KKQ = Khon Kaen Qigong, KKG = Khon Kaen Qigong Group, C7TWD = 7" Cervical Vertebrae-Wall Distance.
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Table 5. The Correlation Between MoCA Scores and Spinal Abnormalities in Overall,
CG, and KKG Before the Single Session of KKQ/Reading at Pre-Intervention.

Overall
(n =45)
P-value

Neck Flexion (°) 0.176 0.248 0.071 0.747 0.372 0.089
Neck Extension (°) 0.245 0.105 0.21 0.335 0.203 0.365
Neck Lateral Flexion to Right (°) -0.017 0.912 -0.292 0.176 0.153 0.497
Neck Lateral Flexion to Left (°) -0.018 0.909 -0.171 0.434 -0.023 0.92
Neck Rotation to Right (°) 0.021 0.893 -0.059 0.79 0.041 0.855
Neck Rotation to Left (°) 0.147 0.336 0.471 0.023 0.017 0.94
C7WD (cm) -0.086 0.572 -0.278 0.199 0.282 0.204

Pearson Correlation Analysis (Normally Distributed Data) and Spearman Correlation Analysis (Non-
Normally Distributed Data) Were Used for Correlation Among Indicators. P<0.05 Indicates a Significant
Relationship between the two variables. Abbreviations: CG = Control Group, KKQ = Khon Kaen Qigong,
KKG = Khon Kaen Qigong Group, C7WD = 7" Cervical Vertebrae-Wall Distance.

Table 6. The Correlation Between MoCA Scores and All Spinal Abnormalities in

Overall, CG, and KKG Before the Single Session of KKQ/Reading at Post-Intervention.
Overall

(n = 45)
P-value
Neck Flexion (°) 0.275 0.067 -0.110 0.616 0.271 0.222
Neck Extension (°) 0.227 0.134 -0.138 0.530 0.130 0.564
Neck Lateral Flexion to Right (°) 0.392 0.008 -0.192 0.380 0.141 0.530
Neck Lateral Flexion to Left (°) 0.374 0.011 -0.075 0.735 0.211 0.346
Neck Rotation to Right (°) 0.404 0.006 0.045 0.838 0.310 0.161
Neck Rotation to Left (°) 0.249 0.099 -0.051 0.817 0.128 0.571
C7WD (cm) -0.470 0.001 -0.590 0.003 -0.004 0.987

Pearson Correlation Analysis (Normally Distributed Data) and Spearman Correlation Analysis (Non-
Normally Distributed Data) Were Used for Correlation Among Indicators. Abbreviations: CG = Control
Group, KKQ = Khon Kaen Qigong, KKG = Khon Kaen Qigong Group, CTWD = 7" Cervical Vertebrae-Wall
Distance.

DISCUSSION

To our knowledge, this is the first study to provide evidence for the acute and training effects
of KKQ on neck movement, thoracic kyphosis, and cognitive function in older adults with mild
cognitive impairment. We hypothesized that both effects of KKQ would improve all variables
in the MCI participants. Additionally, we did expect to find improvement in both spinal
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abnormalities contributing to an increase in cognitive function. We found that KKQ acutely
improved neck extension, right rotation, and thoracic kyphosis. Although no statistical
evidence confirmed the training effect, beneficial results on more outcomes after a single
bout of KKQ provide evidence of the positive effects of KKQ training. However, the increase
in cognitive function after the training was not due to KKQ-induced improved spinal
abnormalities.

We were aware of the reliability of measuring both neck movement and thoracic kyphosis.
Theoretically, CROM and C7WD have been demonstrated to be highly reliable and
reproducible (2,6,8,27,30,34). In this study, our investigator trained with a specialist who
regularly performed both tests until the investigator's CV was 2.9% for the neck movement
and 3.1% for the thoracic kyphosis, which are acceptable. During the CROM measurement,
the participants’ sitting position should be maintained, and if it was changed or tilted, it needs
to be restarted. Both measurements were performed by the same investigator throughout the
study.

Our hypothesis on acute effects was partially supported because we found improvements
only in neck extension and rotation to the right, and thoracic kyphosis after a single bout of
KKQ at pre-intervention. The partial support on the acute effect may be due to the time of the
exercise, which was at the start of the training. This is consistent with a previous study in
middle-aged participants (average age 44 yr) with long-term nonspecific neck pain (14). The
authors found improvement only in neck flexion and extension immediately after Baduanjin
training in the patients. This reasoning is supported by the present study when considering
the post-training assessment after the 12 weeks of 60-minute daily KKQ exercise and 3
days/week that showed improvement in all variables after the single bout of KKQ at the post-
intervention visit. Moreover, the accumulation of the KKQ exercise throughout the training
period seems to increase the beneficial effects of KKQ on all variables. The increase in all
neck movements and thoracic kyphosis after the 12-week training was possibly due to the
movements of the whole body during KKQ including the neck, such as flexion, extension, left
and right lateral flexion and rotation as well as the trunk (when bending, stretching, twisting;
and the upper and lower limbs during flexion, extension, and abduction. These movements,
which are smooth and within a wide range of motion, combined with concentration and
breathing could relieve the muscle tension that allows for the increase in range of motion of
the neck while also reducing the thoracic kyphosis.

This is the first research that presents the beneficial effects of KKQ on neck movement and
thoracic kyphosis. There are no previous studies on each exercise component of KKQ on
these parameters and in the healthy older population. There are only a few systematic
reviews that have reported the effects on neck movement by Baduanjin and Wuginxi in
middle-aged and elderly patients with neck pain (13,19) and Muay Thai in patients with
scapular rib syndrome (1). Practicing Baduanijin exercises combined with other therapy, such
as Tuina, acupuncture, and conventional therapy have been reported to effectively alleviate
pain intensity in various areas (13,19) and improve neck flexion and extension (19). Wuginxi
exercises were also found to reduce neck pain without any results of neck movement (19).
Thus, when neck pain is reduced, its range of motion is improved. Furthermore, there was no
previous research on the effect of Wai Khru Muay Thai on both neck movements and thoracic
kyphosis. Nonetheless, a study that emphasized Muay Thai exercises (a session after Wali
Khru session) found that it reduced the pain intensity/pressure pain threshold leading to an
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increase in range of motion of the cervical spine, especially in cervical flexion and side flexion
to the left in patients with scapular rib syndrome (3). Taken together, therefore, KKQ training
may be an advantageous intervention in pain reduction for patients with neck pain. This
hypothesis in the patients is worth testing.

As expected, KKQ training improved cognitive function assessed by the MoCA score. This is
a very crucial result because it confirms the benefits of KKQ training on medical treatment for
aging populations, especially with cognition problem. KKQ may also prevent or delay older
individuals from having MCI or worse conditions, such as dementia or Alzheimer's disease.
These prospectives are supported by original articles (18,35) and a review article (11)
suggesting that engaging in regular physical activity and cognitive training exercises promote
cognitive health. Thus, promoting KKQ exercise in adults with cognitive function problems is
necessary.

Our hypothesis on the beneficial effects of KKQ-improved spinal abnormalities on cognitive
function after the training was not supported because of there was no correlation between
cognitive function and spinal abnormalities. This is consistent with previous studies that
suggest cognitive decline may arise from intrinsic neurodegenerative processes independent
of cervical issues (10). It is noted that the significant correlation between the MoCA and both
abnormalities (i.e., neck lateral flexion to right and left, neck rotation to right, and C7WD) was
found in the overall Group. This may be due to the bigger sample size effect. However, the
significant correlation between the MoCA and C7WD in the CG may confirm that sedentary
life had a detrimental effect on thoracic kyphosis. Therefore, the increased MoCA after KKQ
training seems to be explained by other reasons. Perhaps, improved brain function according
to concentrating and breathing while performing KKQ may be one of the reasons. This is
supported by articles that previously demonstrated mind-body therapy can improve cognitive
function for the old population (11,18,35).

This study provides pathological information of both spinal structure and function and
cognitive function in the older female Thai population with MCI. All participants had limited
movements of neck flexion, lateral flexion to both sides, and rotation to both sides. Besides,
some of them (22.7-34.8%) had limited neck extension and most of them had moderate
thoracic hyperkyphosis (60.9%-72.7%). This evidence suggests that the intervention aiming
to improve spinal structure, and movement, and cognitive function is very important and
should be widely promoted.

Limitations in this Study

This study has a few limitations. First, most of the participants were older women with very
few men. Regarding the literature linking thoracic kyphosis with age and gender, the degree
and location of kyphosis increased with age and the rate of 75 increase was higher in women
than in the men (32). Whether the study results are equally applicable to elderly men and
whether physiological, pathological, and the training results of KKQ would be changed due to
gender differences need further study. Second, the duration of the first single session may be
inadequate to show significant values for the non-significant variables. Lastly, we did not
explore the important mechanism linking the cervical and thoracic spines and cognitive
function, which is the cerebral blood supply.
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Future studies should disclose these limitations by performing the experiment in male
participants and extending the duration of the single session to 60 minutes. Future
experiments investigating other mechanisms, such as cerebral blood supply to the brain by
multimodal MRI approach (20) would be interesting to perform. In addition, other techniques
that predict MCI patients who will progress to Alzheimer’s disease should be examined for
the effect of KKQ. The reason for the examination is due to close association between
hemodynamic changes represented by Transcranial Doppler (TCD) ultrasonography (15) that
was examined with a breath-holding test (Breath Holding Index; BHI) and the Mean Flow
Velocity (MFV) and Pulsatility Index (Pl) of the middle cerebral artery. TCD markers
correlating with cognitive decline supported using TCD markers in predicting MCI patients
who will progress to Alzheimer’s disease. Furthermore, using these markers to evaluate the
effect of KKQ is valuable in the prevention of Alzheimer's disease in patients with MCI.

CONCLUSIONS

This new evidence shows that in older adults with MCI, even the first-time users of KKQ
exercise could improve the range of neck extension and rotation to the right, and thoracic
kyphosis. It is also important to point out that the KKQ training had more beneficial effects on
neck movement and thoracic spines than the acute exercise. Furthermore, it improved
cognitive function independent of the cervical and thoracic spine improvement. A mechanism
responsible for this correlation needs to be further explored. In addition, the findings
confirmed that the sedentary lifestyle impairs neck movements and thoracic kyphosis of the
older adults with MCI.
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ABSTRACT

Guang Yang, Narisara Premsri, Rujira Nonsa-ard, Hao Gao, Terdthai Tong-un, Orathai Tunkamnerdthai, Naruemon Leelayuwat. Effects of Qigong Combined with Wai Khru Muay Thai on Neck Movement, Thoracic Kyphosis, and Cognition in Older Adults with Mild Cognitive Impairment: A Randomized Control Trial. JEPonline 2025;28(2):10-32. This study evaluated the effects of Qigong combined with Wai Khru Muay Thai (KKQ) on neck movement, thoracic kyphosis, and cognition in older adults with mild cognitive impairment. The correlation between both spinal abnormalities and cognition was examined. In an acute experiment (pre-intervention), participants in the Control Group (CG) and the Exercise Group (KKG) performed a 30-minute reading/KKQ. Post-intervention, the CG and the KKG performed sedentary life and 60-minute KKQ/day, 3 days/week, 12 weeks, respectively. Pre- and post-intervention cognition were assessed and responses of both spinal abnormalities to a single bout of KKQ/reading was measured. The results showed that spinal abnormalities were improved after acute and training without any correlation with cognition (P < 0.01). In conclusion, KKQ improved spinal abnormalities after acute experiments with more consequences after training in older adults with mild cognitive impairment. Also, the training increased cognitive function independently of the improved spinal abnormalities.

Key Words:  Cognition, Khon Kaen Qigong, Spinal Abnormalities

INTRODUCTION


This article is from a multidisciplinary investigation on the effects of a novel exercise, Khon Kaen Qigong (KKQ), on multiple body systems in older adults with mild cognitive impairment (MCI). Previous publications have reported its exercise intensity (36), acute effects on heart rate variability (16), cardiopulmonary (36) responses, and training effects on psychological responses and physical fitness (17) in older adults with normal cognitive function. This article is the first that focuses on describing the influences of KKQ’s acute and training effects on neck movement and thoracic kyphosis and training effect on cognitive function in older adults with mild cognitive impairment (MCI).


By 2050, Thailand’s elderly population is estimated to reach 30% of the whole population (31). During aging, around 100,000 neurons degenerate daily, causing cognitive dysfunction and postural issues (10). Mild cognitive impairment (MCI) lies between normal aging and dementia (23) and can be assessed by Montreal Cognitive Assessment (MoCA) Test Scores (4). Much evidence suggest that cervical spine health may influence cognitive function (29,37). Previous studies also demonstrate that poor cervical mobility, particularly forward neck bending, can affect carotid artery patency, leading to reduced cerebral blood flow and increased risk of cognitive impairment (29,37).


In addition, thoracic kyphosis has multiple negative impacts related to MCI (7). The spinal posture can be considered as an indicator of latent cognitive decline in community-dwelling older population (22). It restricts breathing and could make the head lean forward (24), which contributes to compressing neck blood vessels that affects brain blood and oxygen supply that also increases the risk of MCI (29,37). Aerobic exercise was reported to reduce central arterial stiffness that leads to an increase in cerebral blood flow, which may contribute to improved neurocognitive function in patients with MCI (28). Therefore, improving both cervical and thoracic abnormalities seem to have a positive influence on cognitive function for these patients.


Khon Kaen Qigong (KKQ) integrates Chinese exercises (Baduanjin and Wuqinxi Qigong) with the Thai martial art, Muay Thai (Wai Khru session). Both modes of exercise focus mind and body comprising simple and slow movements and high concentration. It also includes breathing exercises during the whole-body movements that target the neck, shoulders, trunk, and lower limbs (36), which potentially benefits the neck and thoracic movements. Importantly, both modes of the exercise are deeply rooted in the Chinese and Thai culture and tradition that provides a connection to history and lineage. This cultural aspect can be a significant motivator and source of inspiration for some practitioners. Taken together, KKQ seems to be suitable for the elderly to improve their structure and movement of the spine.


Based on literature reviews, Baduanjin reduces pain and improves cervical spine range of movement in middle- and elderly participants with neck pain (13,19). Although Wuqinxi reduced neck pain and improved disability, it had no effect on neck movement (13). Furthermore, there are no prior research papers on thoracic kyphosis by Wuqinxi and Baduanjin. Also, there are no previous articles on both spinal abnormalities by Wai Khru Muay Thai. In addition, previous studies in Baduanjin (13,35) and Wuqinxi (11) showed improved MoCA in older people with MCI. To date, no studies have examined the acute and training effects of Wai Khru Muay Thai and KKQ on neck movement, thoracic kyphosis, and cognitive function in older adults with MCI.


Hence, the purpose of this study was to investigate the acute and training effects of KKQ on neck movements and thoracic kyphosis in adults 60 to 75 years of age with MCI. Also, this study explored the training effects on cognitive function in the participants. The third purpose was to examine the training effect on a correlation between both spinal abnormalities and cognitive function. We used a relaxation activity that involved reading Buddhist scriptures as a Control Group at the start of the experiment to assess the acute effects, while a sedentary lifestyle as a Control Group served to evaluate the training effect. The hypothesis posits that KKQ improves neck movement, thoracic kyphosis following acute condition and improves spinal abnormalities and cognition after training among older adults with MCI. In addition, we hypothesized that the improvement in the spinal abnormalities will contribute to the increase in cognitive function.

METHODS


Experimental Design and Setting


This was a randomized control, open-blinded, trial performed at the Faculty of Medicine, Khon Kaen University, and communities, Khon Kaen, Thailand.


Participants 


The study was approved by the Khon Kaen University Ethics Committee for Human Research based on the Declaration of Helsinki (EC) on June 8, 2021. It was registered in the Thai Clinical Trials Registry (TCTR20211228001) on December 28, 2021. The recruitment ranged from June 2021 to September 2022 from the community near Khon Kaen University in Thailand through advertising on university and city websites and direct contact with staff and participants.


The exercise sample size estimated for this study was based on neck movement. G*Power 3.1.9.4 (Heinrich-Heine-Universität Düsseldorf, Düsseldorf, Germany) was used to estimate the required sample size. Based on the calculation, estimated sample size was 60 people in 2 groups of 30 with a power of 80% to detect changes and an alpha of 5% (a Cohen effect size was set at 0.45). The dropout rate was set at 20%.


Before the experiment started, all the participants were told verbally and in writing about the experiment including possible risks before voluntarily signing the consent form. They were recruited through physical examinations, health questionnaires, physical activity readiness questions (PAR-Q), cognitive impairment assessment (MoCA), and blood biochemistry. They were recruited if they had no mental problems or diseases that affect the exercise. NE.Cms_Insert \* MERGEFORMAT Their MoCA scores were lower than 26 and the scores were added one point for the participants who had more than 12 years of education (9). They had no family history of any genetic diseases and no physical exercise experience such as Tai Chi, meditation, Yoga, and Qigong longer than one year. They did not regularly smoke and/or drink alcohol. The participants were excluded if they had a medical condition (such as cancer, cardiovascular disease, neuromuscular disease, or severe obesity, drug use or psychological issues) that would significantly limit participation in KKQ. The CONSORT Flowchart containing details of participant enrollment and progress through the RCT is displayed in Figure 1.
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Figure 1. Flowchart of Study Protocol.


The randomized controlled trial for this study was a simple, random allocation sequence of 1:1 using the Research Randomizer, and participants were assigned to the Exercise Group (KKG) or the Control Group (CG) using their unsorted identification codes. The codes were in the same size and color opaque envelopes. The Group were coded by a researcher at the Exercise and Sport Sciences Development and Research Group. All outcome adjudicators, data collectors, data analysts, and participants were blinded to the intervention codes until the study was completed.

Protocols


A protocol of this study is shown in Figure 2. After the participants passed the screening, their anthropometry and body composition were measured to assess baseline characteristics. Then, they were randomly allocated to 1 of 2 Groups: The Control Group (CG), and the Exercise Group (KKG). Both groups performed 2 experiments examining acute and training effects.


KKG


The participants in the KKG attended the laboratory for 3 visits (Figure 2). During their 1st visit, they familiarized themselves with a single bout of 30-minute of KKQ (Figure 3 and Table 1). Two days later during the 2nd visit (i.e., the pre-intervention), they arrived at the laboratory at 8 am to measure the acute effects on neck movement and thoracic kyphosis before (baseline) and after the 30-minute KKQ exercise. After the 2nd visit, they trained 60-minute KKQ/day, 3 days (at least one day apart)/week for 12 weeks. The training effects were measured on the 3rd visit (post-intervention that was the same as on the 2nd visit) compared with the 2nd visit. MoCA was assessed before performing Qigong on the 2nd and 3rd visits.
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Figure 2. Protocol of this Study. Abbreviations: CG; Control Group, KKG; Khon Kaen Qigong Group, KKQ; Khon Kaen Qigong.

KKQ Intervention


The KKQ exercise started with a 5-minute warm-up activity followed by two bouts of KKQ exercise that included 12 movements (Figure 3 and Table 1). To prevent injury caused by KKQ, the participants began with a warm-up before the familiarization session and every KKQ session during the training period. All the participants were required to stay in the laboratory for evaluation before returning home after the absence of any injury symptoms. An exercise leader was provided to guide the participants during the familiarization session and every KKQ session that was done in the community. The leader had been engaged in Qigong for 2 years. During the training, all the participants received a diary to record the KKQ practice and injury. They returned the diaries to the researcher on the 3rd visit.


CG


The participants attended 2 visits similarly to the 2nd (pre-intervention) and the 3rd (post-intervention) visits of the KKG except for the control activities when the participants in the CG read a Buddhist book for 30 minutes in sitting. For 12 weeks, those in the CG lived a sedentary life (in which they did not perform any regular exercises).
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Figure 3. Khon Kaen Qigong Postures.

Table 1. Description of Khon Kaen Qigong Postures.

		NO.

		Postures Name

		Postures Description



		1.

		Ready position: Adjusting the breath (modified from the movement of the Wuqinxi).

		Start by standing up straight, with your feet together and your eyes looking straight, then spread your legs so that they are roughly shoulder width apart, then slowly raise your arms from the front out in a straight manner. Until parallel to the floor, inhale through your nose, then fold your arms and draw toward your torso, then bring the arms down, along with the mouth closed, and gently blow air out of the mouth until you return to the original position.



		2.

		Pay homage and archer shooting


(modified from the movement of the Baduanjin and Wai Khru Muay Thai).

		First, put your feet together, then make a gesture, bend your knees and hands at chest level, then raise your head, then return to chest level, clench your fists, make a power motion, pull the crossbow to the left side of your torso, tilt the bow 45 degrees, then twist, rotate the bow 45 degrees back.



		3.

		The tiger’s paws (modified from the movement of the Wuqinxi).

		First, stand with your feet close together, then reach your feet toward your shoulders, stretch out your wrists, and then cross your fingers, like a tiger. Then bend your elbows and raise your fists to your torso. Then, raise your hands above your head and inhale until your arms are straight and your hands are straight. Next, fold your fingers in half to form a tiger claw and grip. After clenching, slowly lower the hand to chest level, while closing the mouth, slowly blow the exit wind, raise the elbow so that the fingertips on both sides point to chest level, then slowly lower the hand to the sides of the torso. Then return to the original position.





		 4.

		The tiger’s walk (modified from the movement of the Wuqinxi).



		You stand up on your feet first, then move one foot towards your shoulders, then grab your body with your hands, then inhale through your nose, then close your mouth, then place your arms out in front of you. Then fold your wrists like a tiger's paw, put your left foot forward, and squat. Repeat, switching from the left foot to right foot. Return to a straight position, re-extend your legs on your shoulders, then step your left foot forward again while crouching and bending your arms, crossing them horizontally across your chest and clenching your hands. Repeat, by switching legs, step forward with your right foot and return to the original position.





		5.

		Abdominal massage


(modified from the movement of the Baduanjin).



		First, stand with your feet close together, then straighten your legs, then extend your arms above your head, and inhale through your nose. Put both your arms at your sides, wrap them in your mouth at the same time, then blow with your hands, then drag your hands up to your chest, then open your hands. Slide your hand down, push your hand to the right lower abdomen, then pull your hand up and across your upper abdomen. Then, to the left, then down, to your lower abdomen. Then draw your hands to the sides, then move your hands to your ankles, then straighten your arms, then lift your head, then inhale through your nose until your arms are straight and your head is straight. Then gently lower the arms, while closing your mouth, until back to the original position.



		6.

		Swinging the head and lowering


(modified from the movement of the Baduanjin).

		Start by standing and extending your wide legs around your head, shoulders, hands, feet, waist, then bend your knees and extend your wide legs to the side. Lean to the left, then bend over, rotate to the right, lean to the right until you return to the torso position, bend your knees, straighten your body, and then return to the starting position.







		7.

		Bird exercise (Learn from the movement of the Wuqinxi )


(modified from the movement of the Wuqinxi).

		First, stretch your legs, stretch your shoulders, and hold your arms against your body, then stretch your arms and cross your arms until your arms reach toward your head. Then reach your arms toward your torso, toward your back, and close your mouth at the same time, then blow when your arms reach torso level. Extend your arms behind you, then extend your left leg behind you, and stand up straight with your right leg. Repeat, but change from the left leg to the right leg, and then return to the original position.



		8.

		Monkey picking the fruit (modified from the movement of the Wuqinxi).

		First, the legs are together, the legs are wide, about the side of the head, shoulders, arms and torso, the hands are covered on the forehead, and the legs are tilted forward, 45 degrees to the left, then 45 degrees to the right, then 45 degrees to the left. With each step, you should cover your forehead with your hand, keep your stride in line with your leg, and take as long a stride as possible, pull your left foot back over your torso, bend your knees slightly, and pull your hand back to cover your forehead, but this time put your elbow under your chin, as if looking at fruit on a tree, and extend your right arm. Bring your hands up, bring your left foot back, bring your body back, bend your knees, bring your left foot back, bring your right hand back, bring your palm back. Hold your right elbow with your left hand, as if looking at the fruit in your palm, and then go back to square one.



		9.

		Thrusting the fists (modified from the movement of the Baduanjin).

		Start with your feet together, then straighten your legs as far as possible, bend your knees, clench your fists, and place them in the groin area. Then raise your left arm straight in front of you, shoulder level, hands clasped, and inhale through your nose. Then close your mouth and exhale while pulling your arms back to your torso. Then there is the movement of the right arm. Do the same with your left arm, then return to the original position.



		10.

		Punch (modified from the movement of the Wai Khru Muay Thai).

		From a standing position, bring your feet together, tilt your legs forward, 45 degrees to the left, squat, and repeat your hands forward. Then swing back, repeat, but change from left to right, and return to the starting position.



		11.

		Raising and lowering the heels with purse lip breathing (modified from the movement of Baduanjin mix wtih Arm swing exercise).

		Heel strikes. Get ready for breathing exercises. Stand on your legs first, then, raise your arms up, then inhale through your nose. Then drop your arms to the front, shoulders level, while closing your mouth, exhale slowly, then halve your body. Finally, quickly extend your arms toward your torso while exhaling and fully reaching your feet toward the balls of your feet.



		12.

		Closing form with purse lip breathing (modified from the movement of the Wuqinxi).

		Stand with your feet close together, then spread your feet apart, your shoulders wide, and reach your arms out to your sides. Then raise them over your head, inhale through your nose, and lower your arms while wrapping them around your mouth, then slowly exhale, then return to your original position.








Outcome Measurements 


Anthropometric and Body Composition Measurements


The participants’ height and weight were measured using a rangefinder (DETECTO, Missouri, USA). The subject’s waist and hip circumferences were measured with a plastic tape measure. Body composition was measured by dual-energy X-ray absorptiometry (DEXA) (Lunar Prodigy whole body scanner, GE Medical System, USA). Height and weight values were accurate to 1 cm and 0.1 kg, respectively and body mass index (BMI) was calculated using weight (kg)/height (m)2.


Neck Movement


A Cervical Range of Motion Instrument (Performance Attainment Associates, St. Paul, Minnesota, USA) was used to collect neck movement data (Figure 4). This device has been shown to be a reliable and reproducible tool (20) for functional measures of head and neck mobility, i.e., cervical flexion-extension, lateral flexion, and rotation. The criterion validity and reliability of the Cervical Range of Motion (CROM) goniometer for measuring cervical movement has been established through various studies that have demonstrated its effectiveness in clinical assessments (6,30). The measurements of this device were done by the same researcher who had high skill of using this device.
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Figure 4. Measurement of Cervical range of Motion (CROM, Performance Attainment Associates, St. Paul, Minnesota, USA) in the Frontal (A) and Sagittal (B) Planes (8).


All the participants were asked to sit on a stool with their feet flat on the floor and their arms relaxed on their laps. After a brief instruction and demonstration, the participants were asked to perform 2 repetitions as a warm-up to achieve a maximum range of motion before the measurement. Then, the participants were tested 3 times in each direction, and the average value of the 3 times was taken as data. During the measurement, to ensure that the subject did not move the shoulder while performing the test, the subject’s shoulder was closely watched during the measurement to check that it was in a neutral position. 


Thoracic Kyphosis


The researcher used 7th cervical vertebrae-wall distance (C7WD) method, which used 2 rigid rulers to measure thoracic kyphosis (33) (Figure 5). The C7WD method has excellent validity and reliability, and it is used to screen and monitor severity of thoracic hyperkyphosis in clinics and communities (2,27,34).
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Figure 5. Measurement of the 7th Cervical Vertebrae-Wall Distance (33).


In the starting position, the participants were measured while standing upright with bare feet, with their heels, sacrum, and back against a wall. The head was in a neutral position, as determined using the inferior orbital margin and the superior margin of the acoustic meatus in a horizontal plane (Figure 5A).

During the measurement (Figure 5B), the palpation method was used to locate the 7th cervical vertebra, which is the spinous process of the neck. Then, 2 rulers were used to measure. The researcher held both rulers horizontally, ruler 1 was placed on the protruding 7th cervical vertebra. Ruler 2 was used to quantify the vertical distance from the first ruler to the wall to measure vertical distance from C7 to the wall. The participants were measured 3 times with adequate rest periods between measurements, and averaged data were used for data analysis. Amatachaya et al. (2) classified thoracic kyphosis from C7WD as follows: mild kyphosis (≤ 5 cm), moderate (5.1 - 8 cm), and severe (> 8 cm).

MoCA


Cognitive function was assessed by the MoCA that has a high sensitivity and specificity (21,26). MoCA ranges from 0 to 30, with higher scores indicating better neurocognitive function. The MoCA scores were increased 1 point in the participants who had more than 12 years of education (9).


Statistical Analyses


The data were analyzed using a Statistical Package for the Social Sciences (SPSS) for Windows, version 28.0 (IBM Corp., Armonk, NY, USA). Shapiro wilk was used to test the normal distribution of the data, and descriptive statistics were used to summarize the limited characteristics of the participants. All the data are represented as mean ± SD for normal distribution or median (interquartile range, IQR) for non-normal distribution. The difference within and between Group data were analyzed by repeated measured ANOVA. Post hoc test was used to indicate a pair of significant differences. Statistical significance was achieved with a P < 0.05.


RESULTS


A flow chart of studies outlined in the Statement of Consolidated Standards for Reporting Trials (CONSORT) is presented in Figure 1. Out of 50 participants, 23 participants in the CG (22 female, 1 male) and 22 participants in the KKG (21 female, 1 male) completed the study.


Characteristics of the Participants


All characteristics of the participants were similar between groups (Table 2) except the MoCA scores. The MoCA scores of the KKG are significantly higher than the CG (P < 0.01) but within the inclusion criteria (< 26). 

Table 2. Baseline Anthropometric and Physiological Characteristics of Participants.

		

		CG 

(n = 23)

		KKG 

(n = 22)

		P-value



		Age (yr)

		64.6 ± 3.07

		66.3 ± 5.08

		0.173



		Gender (female/male)

		22/1

		21/1

		-



		Smoking: Yes (number, %)

		4.34, %

		0, %

		-



		Drink alcohol: Yes (number, %)

		8.70, %

		4.55, %

		-



		Hypertension: Yes (number, %)

		39.1, %

		36.4, %

		-



		Diabetes Mellitus: Yes (number, %)

		30.4, %

		9.09, %

		-



		Years of Education (yr)

		4(4-4)

		4(4-4)

		0.070



		MoCA Score

		20.6 ± 3.07

		23.5(22.00-25.00)

		0.001



		Weight (kg)

		56.3 ± 10.39

		56.0 ± 8.75

		0.542



		Height (m)

		1.52(1.48-1.56)

		1.51(1.48-1.55)

		0.542



		Body Mass Index (kg/m2)

		24.3 ± 3.72

		25.3 ± 3.39

		0.357



		Waist Circumference (cm)

		85.8 ± 12.81

		87.4 ± 8.43

		0.632



		Hip Circumference (cm)

		94(90.50-104.5)

		98.8 ± 6.74

		0.534



		Waist/hip Circumference Ratio

		0.89 ± 0.06

		0.88 ± 0.06

		0.510



		Resting Heart Rate (beats·min-1)

		67.1 ± 8.59

		62.5(55.75-70.75)

		0.161



		Systolic Blood Pressure (mmHg)

		132.6 ± 21.20

		134.8 ± 17.12

		0.703



		Diastolic Blood Pressure (mmHg)

		78.0 ± 11.68

		76.0 ± 7.86

		0.515



		Mean Arterial Pressure (mmHg)

		93.3 ± 18.34

		91.0(80.25-97.50)

		0.915



		Peripheral Oxygen Saturation (%)

		96.6 ± 1.53

		96.0(94.00-98.00)

		0.262





All the Data are Represented as Mean ± SD for Normal Distribution Data or Median (Interquartile Range, IQR) for Non-Normal Distribution data (n = 45; CG = 23, KKG = 22). P Presents Significant Differences Between Groups. Abbreviations: CG = Control Group; KKG = Khon Kaen Qigong Group; MoCA = Montreal Cognitive Assessment.

Furthermore, before starting a session of KKQ/reading at pre-intervention all the participants had limited movements of neck flexion, lateral flexion to both sides, rotation to both sides. Moreover, about 34.8% and 22.7% of the participants had limited neck extension and about 60.9% and 72.7% had C7WD in the CG and the KKG, respectively (Table 3). 

Table 3. Neck Movement and C7WD Before a Session of KKQ/Reading at Pre-Intervention of All Participants and Number of Those Who had Spinal Abnormality (n) in Both Groups.

		

		CG 

(n = 23)

		n (had spinal abnormality)

		KKG 

(n = 22)

		n (had spinal abnormality)

		P-value

		Normal range (25)



		Neck Flexion (°)

		47.8 ± 2.76

		23

		49.9 ± 1.58

		22

		0.52

		≥80°



		Neck Extension (°)

		37.3 ± 3.85

		8

		42.4 ± 2.13

		5

		0.35

		≥50°



		Neck Lateral Flexion to Right (°)

		28.9 ± 1.45

		23

		31.5 ± 1.50

		22

		0.23

		≥45°



		Neck Lateral Flexion to Left (°)

		27.3 ± 1.72

		23

		30.0 ± 1.71

		22

		0.27

		≥45°



		Neck Rotation to Right (°)

		54.3 ± 3.03

		23

		57.1 ± 1.98

		22

		0.45

		≥80°



		Neck Rotation to Left (°)

		59.5 ± 3.04

		23

		57.6 ± 2.45

		22

		0.63

		≥80°



		C7WD (cm)

		6.11 ± 0.27

		14

		  6.0 ± 0.17

		13

		0.85

		<5cm





The data are presented as Mean ± SE. n = The Number Who had Abnormal Neck Movements and Thoracic Kyphosis. Independent sample t test was used to test the significance of differences between Groups. Abbreviations: CG = Control Group; KKG = Khon Kaen Qigong Group; C7WD = 7th Cervical Vertebrae-Wall Distance.


Participants’ Compliance with the Exercise Program 


Participants had higher than 90% compliance with the exercise training.


Acute Effect


All data of acute effects are at pre-intervention in Figures 6, 7, 8, and 9. After a single bout of KKQ/reading, the KKG had significantly higher neck extension (Figure 6A) and rotation to the right (Figure 7A) (Both were P < 0.01) but lower wall-distance (P < 0.001, Figure 8) than the CG. Compared with the baseline within group, the KKG had an increase in neck rotation to the right (P < 0.05) and a decrease in wall-distance (P < 0.01) but the CG had a decrease in neck extension and an increase in C7WD (Both were P < 0.01). Other neck movements were not significantly changed (Figures 6B, 7B, 8, 9A and B).
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Figure 6. Neck Extension (A) and Flexion (B) Before and After a Session of 30-Minute KKQ/Reading at Pre- and Post-Intervention in the CG (Reading) (n = 23) and the KKG (KKQ) (n = 22). The Data are Presented as Mean ± SE. **P < 0.01, ***P < 0.001 Within Group. ## P < 0.01 Between Groups at the Same Time Point. Abbreviations: CG = Control Group, KKQ = Khon Kaen Qigong, KKG = Khon Kaen Qigong Group.
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Figure 7. Neck Rotation to Right (A) and Left (B) Before and After a Session of 30-Minute KKQ/Reading at Pre- and Post-Intervention in the CG (Reading) (n = 23) and the KKG (KKQ) (n = 22). The Data are Presented as Mean ± SE. *P < 0.05, ***P < 0.001 Within Group. ## P < 0.01, ###P < 0.001 Between Groups at the Same Time Point. Abbreviations: CG = Control Group; KKQ = Khon Kaen Qigong, KKG = Khon Kaen Qigong Group.
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Figure 8. C7WD Before and After a Session of 30-Minute KKQ/Reading at Pre- and Post-Intervention in the CG (Reading) (n = 23) and the KKG (KKQ) (n = 22). The Data are Presented as Mean ± SE. *P < 0.05, **P < 0.01 Within Group. ###P < 0.001 Between Groups at the Same Time Point. Abbreviations: CG = Control Group, KKQ = Khon Kaen Qigong, KKG = Khon Kaen Qigong Group, C7WD = 7th Cervical Vertebrae-Wall Distance.
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Figure 9. Neck Lateral Flexion to Right (A) and Left (B) Before and After a Session of 30-Minute KKQ/Reading at Pre- and Post-Intervention in the CG (Reading) (n = 23) and the KKG (KKQ) (n = 22). The Data are Presented as Mean ± SE. **P < 0.01, ***P < 0.001 Within Group. ###P < 0.001 Between Groups at the Same Time Point. Abbreviations: CG = Control Group, KKQ = Khon Kaen Qigong, KKG = Khon Kaen Qigong Group.

Training Effect

There were no significant differences between pre- and post-intervention of all variables in both Groups. However, in a single session of KKQ/reading after 12 weeks, the KKG had significant increases from baseline and was higher than the CG after a single session of KKQ in all movements of neck (P < 0.01-0.001, Figures 5, 6, and 8). Besides, the KKG had a significant decrease in C7WD after KKQ session compared to baseline and lower than the CG (P < 0.001, Figure 7). However, the CG did not have any changes in neck movements (Figures 5, 6, and 8) except for a decrease in neck extension (Figure 6A) and there was an increase in the wall-distance after the reading session (P < 0.01, Figure 7).


In participants who had limited spinal abnormalities, before the exercise session, the training significantly improved all neck movements (P < 0.05, 0.001) but did not change thoracic wall-distance. However, the KKG had better neck movements and C7WD than the CG after the training (P < 0.05-0.001, Table 4). The CG had no changes in all neck movements and impaired C7WD (P < 0.05). After 12 weeks, the KKG had increased and greater MoCA scores than those in the CG (23.2 ± 2.10, 26.5 (3) at pre- and post-intervention in the KKG vs. 21(5) and 21.3(3) at pre- and post-intervention in the CG; P < 0.01).


In addition, after 12 weeks the number of participants in the KKG who had mild (n = 10 to n = 11) and moderate (n = 12 to n = 11) severity of thoracic hyperkyphosis increased and decreased respectively. In contrast, the number of participants in the CG who were mild (n = 9 to n = 7), moderate (n = 14 to n = 15), and severe (n = 0 to n = 1) severity of thoracic hyperkyphosis decreased and increased, respectively.

Correlation of MoCA and Neck Movement and Thoracic Kyphosis


At pre-intervention before a single session of KKQ/reading, the MoCA score was moderately correlated with neck rotation to left in the CG only (Table 5).


After training, the MoCA scores were moderately correlated with neck lateral flexion to right and left, neck rotation to right, and C7WD in the overall, and with C7WD in the CG. There were no significant correlations between the MoCA scores and spinal abnormalities in the KKG (Table 6).


Table 4. Neck Movement and C7WD of All Participants and Number of Those Who Had Abnormal Neck Movement and Thoracic Kyphosis (n) Before and After 12 Weeks in Both Groups.

		

		CG

		KKG

		Normal range (25)



		

		Pre-intervention

		n

		Post-intervention

		n

		Pre-intervention

		n

		Post-intervention

		n

		



		Neck Flexion (°)

		47.8 ± 2.76

		23

		49.9 ± 1.91

		23

		49.9 ± 1.58

		22

		57.3 ± 1.66***##

		22

		≥80°



		Neck Extension (°)

		37.3 ± 3.85

		8

		40.1 ± 4.93

		5

		42.4 ± 2.13

		5

		48

		1

		≥50°



		Neck Lateral Flexion to Right (°)

		28.9 ± 1.45

		23

		26.6 ± 1.10

		23

		31.5 ± 1.50

		22

		35.3 ± 1.42*###

		18

		≥45°



		Neck Lateral Flexion to Left (°)

		27.3 ± 1.72

		23

		27.7 ± 1.29

		23

		30.0 ± 1.71

		22

		   35.9 ± 1.04***###

		20

		≥45°



		Neck Rotation to Right (°)

		54.3 ± 3.03

		23

		55.6 ± 1.58

		22

		57.1 ± 1.98

		22

		   65.8 ± 1.46***###

		22

		≥80°



		Neck Rotation to Left (°)

		59.5 ± 3.04

		23

		61.5 ± 2.04

		23

		57.6 ± 2.45

		22

		       66.6 ± 1.32***#

		21

		≥80°



		C7WD (cm)

		6.11 ± 0.27

		14

		6.45 ± 0.29*

		16

		6.05 ± 0.17

		13

		       5.60 ± 0.12#

		11

		＜5cm





The Data are Presented as Mean ± SE; n = 45, CG (Reading) (n = 23) and KKG (KKQ) (n = 22). n Shows the Number of Participants Who Had Spinal Abnormalities. **P < 0.01, ***P < 0.001 Within Group. ## P < 0.01, ###P < 0.01 Between Groups at the Same Time Point. Abbreviations: CG = Control Group, KKQ = Khon Kaen Qigong, KKG = Khon Kaen Qigong Group, C7WD = 7th Cervical Vertebrae-Wall Distance. 


Table 5. The Correlation Between MoCA Scores and Spinal Abnormalities in Overall, CG, and KKG Before the Single Session of KKQ/Reading at Pre-Intervention.

		

		Overall


(n = 45)

		CG


(n = 23)

		KKG


(n = 25)



		

		r

		P-value

		r

		P-value

		r

		P-value



		Neck Flexion (°)

		0.176

		0.248

		0.071

		0.747

		0.372

		0.089



		Neck Extension (°)

		0.245

		0.105

		0.21

		0.335

		0.203

		0.365



		Neck Lateral Flexion to Right (°)

		-0.017

		0.912

		-0.292

		0.176

		0.153

		0.497



		Neck Lateral Flexion to Left (°)

		-0.018

		0.909

		-0.171

		0.434

		-0.023

		0.92



		Neck Rotation to Right (°)

		0.021

		0.893

		-0.059

		0.79

		0.041

		0.855



		Neck Rotation to Left (°)

		0.147

		0.336

		0.471

		0.023

		0.017

		0.94



		C7WD (cm)

		-0.086

		0.572

		-0.278

		0.199

		0.282

		0.204





Pearson Correlation Analysis (Normally Distributed Data) and Spearman Correlation Analysis (Non-Normally Distributed Data) Were Used for Correlation Among Indicators. P<0.05 Indicates a Significant Relationship between the two variables. Abbreviations: CG = Control Group, KKQ = Khon Kaen Qigong, KKG = Khon Kaen Qigong Group, C7WD = 7th Cervical Vertebrae-Wall Distance.

Table 6. The Correlation Between MoCA Scores and All Spinal Abnormalities in Overall, CG, and KKG Before the Single Session of KKQ/Reading at Post-Intervention.


		

		Overall


(n = 45)

		CG


(n = 23)

		KKG


(n = 22)



		

		r

		P-value

		r

		P-value

		r

		P-value



		Neck Flexion (°)

		0.275

		0.067

		-0.110

		0.616

		0.271

		0.222



		Neck Extension (°)

		0.227

		0.134

		-0.138

		0.530

		0.130

		0.564



		Neck Lateral Flexion to Right (°)

		0.392

		0.008

		-0.192

		0.380

		0.141

		0.530



		Neck Lateral Flexion to Left (°)

		0.374

		0.011

		-0.075

		0.735

		0.211

		0.346



		Neck Rotation to Right (°)

		0.404

		0.006

		0.045

		0.838

		0.310

		0.161



		Neck Rotation to Left (°)

		0.249

		0.099

		-0.051

		0.817

		0.128

		0.571



		C7WD (cm)

		-0.470

		0.001

		-0.590

		0.003

		-0.004

		0.987





Pearson Correlation Analysis (Normally Distributed Data) and Spearman Correlation Analysis (Non-Normally Distributed Data) Were Used for Correlation Among Indicators. Abbreviations: CG = Control Group, KKQ = Khon Kaen Qigong, KKG = Khon Kaen Qigong Group, C7WD = 7th Cervical Vertebrae-Wall Distance.

DISCUSSION

To our knowledge, this is the first study to provide evidence for the acute and training effects of KKQ on neck movement, thoracic kyphosis, and cognitive function in older adults with mild cognitive impairment. We hypothesized that both effects of KKQ would improve all variables in the MCI participants. Additionally, we did expect to find improvement in both spinal abnormalities contributing to an increase in cognitive function. We found that KKQ acutely improved neck extension, right rotation, and thoracic kyphosis. Although no statistical evidence confirmed the training effect, beneficial results on more outcomes after a single bout of KKQ provide evidence of the positive effects of KKQ training. However, the increase in cognitive function after the training was not due to KKQ-induced improved spinal abnormalities. 

We were aware of the reliability of measuring both neck movement and thoracic kyphosis. Theoretically, CROM and C7WD have been demonstrated to be highly reliable and reproducible (2,6,8,27,30,34). In this study, our investigator trained with a specialist who regularly performed both tests until the investigator’s CV was 2.9% for the neck movement and 3.1% for the thoracic kyphosis, which are acceptable. During the CROM measurement, the participants’ sitting position should be maintained, and if it was changed or tilted, it needs to be restarted. Both measurements were performed by the same investigator throughout the study. 

Our hypothesis on acute effects was partially supported because we found improvements only in neck extension and rotation to the right, and thoracic kyphosis after a single bout of KKQ at pre-intervention. The partial support on the acute effect may be due to the time of the exercise, which was at the start of the training. This is consistent with a previous study in middle-aged participants (average age 44 yr) with long-term nonspecific neck pain (14). The authors found improvement only in neck flexion and extension immediately after Baduanjin training in the patients. This reasoning is supported by the present study when considering the post-training assessment after the 12 weeks of 60-minute daily KKQ exercise and 3 days/week that showed improvement in all variables after the single bout of KKQ at the post-intervention visit. Moreover, the accumulation of the KKQ exercise throughout the training period seems to increase the beneficial effects of KKQ on all variables. The increase in all neck movements and thoracic kyphosis after the 12-week training was possibly due to the movements of the whole body during KKQ including the neck, such as flexion, extension, left and right lateral flexion and rotation as well as the trunk (when bending, stretching, twisting; and the upper and lower limbs during flexion, extension, and abduction. These movements, which are smooth and within a wide range of motion, combined with concentration and breathing could relieve the muscle tension that allows for the increase in range of motion of the neck while also reducing the thoracic kyphosis.


This is the first research that presents the beneficial effects of KKQ on neck movement and thoracic kyphosis. There are no previous studies on each exercise component of KKQ on these parameters and in the healthy older population. There are only a few systematic reviews that have reported the effects on neck movement by Baduanjin and Wuqinxi in middle-aged and elderly patients with neck pain (13,19) and Muay Thai in patients with scapular rib syndrome (1). Practicing Baduanjin exercises combined with other therapy, such as Tuina, acupuncture, and conventional therapy have been reported to effectively alleviate pain intensity in various areas (13,19) and improve neck flexion and extension (19). Wuqinxi exercises were also found to reduce neck pain without any results of neck movement (19). Thus, when neck pain is reduced, its range of motion is improved. Furthermore, there was no previous research on the effect of Wai Khru Muay Thai on both neck movements and thoracic kyphosis. Nonetheless, a study that emphasized Muay Thai exercises (a session after Wai Khru session) found that it reduced the pain intensity/pressure pain threshold leading to an increase in range of motion of the cervical spine, especially in cervical flexion and side flexion to the left in patients with scapular rib syndrome (3). Taken together, therefore, KKQ training may be an advantageous intervention in pain reduction for patients with neck pain. This hypothesis in the patients is worth testing.

As expected, KKQ training improved cognitive function assessed by the MoCA score. This is a very crucial result because it confirms the benefits of KKQ training on medical treatment for aging populations, especially with cognition problem. KKQ may also prevent or delay older individuals from having MCI or worse conditions, such as dementia or Alzheimer's disease. These prospectives are supported by original articles (18,35) and a review article (11) suggesting that engaging in regular physical activity and cognitive training exercises promote cognitive health. Thus, promoting KKQ exercise in adults with cognitive function problems is necessary.


Our hypothesis on the beneficial effects of KKQ-improved spinal abnormalities on cognitive function after the training was not supported because of there was no correlation between cognitive function and spinal abnormalities. This is consistent with previous studies that suggest cognitive decline may arise from intrinsic neurodegenerative processes independent of cervical issues (10). It is noted that the significant correlation between the MoCA and both abnormalities (i.e., neck lateral flexion to right and left, neck rotation to right, and C7WD) was found in the overall Group. This may be due to the bigger sample size effect. However, the significant correlation between the MoCA and C7WD in the CG may confirm that sedentary life had a detrimental effect on thoracic kyphosis. Therefore, the increased MoCA after KKQ training seems to be explained by other reasons. Perhaps, improved brain function according to concentrating and breathing while performing KKQ may be one of the reasons. This is supported by articles that previously demonstrated mind-body therapy can improve cognitive function for the old population (11,18,35).


This study provides pathological information of both spinal structure and function and cognitive function in the older female Thai population with MCI. All participants had limited movements of neck flexion, lateral flexion to both sides, and rotation to both sides. Besides, some of them (22.7-34.8%) had limited neck extension and most of them had moderate thoracic hyperkyphosis (60.9%-72.7%). This evidence suggests that the intervention aiming to improve spinal structure, and movement, and cognitive function is very important and should be widely promoted.

Limitations in this Study


This study has a few limitations. First, most of the participants were older women with very few men. Regarding the literature linking thoracic kyphosis with age and gender, the degree and location of kyphosis increased with age and the rate of 75 increase was higher in women than in the men (32). Whether the study results are equally applicable to elderly men and whether physiological, pathological, and the training results of KKQ would be changed due to gender differences need further study. Second, the duration of the first single session may be inadequate to show significant values for the non-significant variables. Lastly, we did not explore the important mechanism linking the cervical and thoracic spines and cognitive function, which is the cerebral blood supply. 

Future studies should disclose these limitations by performing the experiment in male participants and extending the duration of the single session to 60 minutes. Future experiments investigating other mechanisms, such as cerebral blood supply to the brain by multimodal MRI approach (20) would be interesting to perform. In addition, other techniques that predict MCI patients who will progress to Alzheimer’s disease should be examined for the effect of KKQ. The reason for the examination is due to close association between hemodynamic changes represented by Transcranial Doppler (TCD) ultrasonography (15) that was examined with a breath-holding test (Breath Holding Index; BHI) and the Mean Flow Velocity (MFV) and Pulsatility Index (PI) of the middle cerebral artery. TCD markers correlating with cognitive decline supported using TCD markers in predicting MCI patients who will progress to Alzheimer’s disease. Furthermore, using these markers to evaluate the effect of KKQ is valuable in the prevention of Alzheimer's disease in patients with MCI.

CONCLUSIONS


This new evidence shows that in older adults with MCI, even the first-time users of KKQ exercise could improve the range of neck extension and rotation to the right, and thoracic kyphosis. It is also important to point out that the KKQ training had more beneficial effects on neck movement and thoracic spines than the acute exercise. Furthermore, it improved cognitive function independent of the cervical and thoracic spine improvement. A mechanism responsible for this correlation needs to be further explored. In addition, the findings confirmed that the sedentary lifestyle impairs neck movements and thoracic kyphosis of the older adults with MCI.  
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