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ABSTRACT

Muanjai P, Srijunto W, Namsawang J. Immediate Effects of High-
Intensity Interval Training with Punching, Kicking, or Stretching
Exercise on Physical Function in Healthy Young and Older Adults.
JEPonline 2021;24(5):10-22. The present study investigated the
immediate effects of HIIT with Muay Thai on physical function.
Thirty-four physically active young adults (n = 17, age 21.4 + 1.1 yrs)
and older adults (n = 17, age 68.1 + 3.3 yrs) repeatedly performed
HIIT punching, HIIT kicking, and control stretching exercises 7 days
apart. Feeling scale, sit and reach test (S&R), reaching test, five-
time sit to stand (5TSTS), time up and go (TUG), and 6-minute walk
test (6MWT) were measured before and immediately after exercise.
S&R acutely increased after stretching in both age groups (P< 0.05),
and reaching distance increased in older adults. There was an
improvement in 5TSTS after all exercises in young adults, but only
after HIIT punching in older adults. After HIIT kicking, TUG improved
in the older and young adults after HIIT punching; whereas, 6MWT
was not altered after any exercise. For both groups, results of the
S&R test were improved after stretching compared with HIIT kicking
or punching, and a shorter time for TUG was seen following HIIT
kicking compared with stretching (P<0.05). There was no age factor
in response to the exercise programs. HIIT punching and kicking
showed an acute increase in leg function and balance without a
superior effect between these two HIIT single exercises.
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INTRODUCTION

Increasing age is associated with various diseases and degenerative changes due to the
primary interplay between telomere damage, epigenetic dysregulation, DNA damage, and
mitochondrial dysfunction (19). Good health leads to improved quality of life and is important
for well-being in older adults as it enables them to live independently and require less support
from family and the state. Active aging is a target for life expectancy and aims to be the
supportive goal for society and economical plan development. The significant changes seen
in aging are commonly related to a decrease in muscle mass of 1% per year at age >50 yrs,
inflexibility of muscles and joints, loss of balance, and reduced aerobic capacity (9).

There are the several popular forms of exercise applied for elderly fitness enhancement in
muscular, cardiorespiratory, and balance systems. Individuals usually select the form of
exercise based on their ability, satisfaction, and enjoyment. Flexibility exercise has been less
focused in exercise for elderly studies compared with others, although stretching exercises
enhance the joint range of motion (ROM), which is important for movement (10), especially in
elderly people with stiff muscles that may occur due to changes in myosteatosis, myofibrosis,
and extracellular elastic fiber dysfunction (17). A decreased stiffness seen after static
stretching exercise for elderly was reported by Palmer et al. (23), together with an increase in
postural balance. However, the functional ability after flexibility exercise remains unclear (11).

High-intensity interval training (HIIT) has recently become a widely used form of exercise that
can be performed by a range of individuals, such as athletes, the aging population, and those
with serious health conditions (e.g., heart failure and chronic obstructive pulmonary disease)
(26). Exercising at a high-intensity results in overload of contractile muscles, which can alter
muscle size, capillarization, and muscle fiber type transition, together with less strain on
cardiorespiratory fithess compared with moderate continuous aerobic exercise (30). Several
studies have shown a positive effect on body systems in response to HIIT in the aging
populations (3,15). However, only a few studies have investigated the immediate effect after
a single HIIT session on cognitive function in Parkinson’s disease patients (8), deoxygenated
hemoglobin levels (16), and postural sway in older adults. Previous studies showed that HIIT
can induce a sensation of fatigue compared with general moderate aerobic exercise (21).
Arm exercises led to a much higher cardiovascular strain compared with leg exercises, but a
smaller reduction in cerebral metabolism when applying a more severe intensity in arm than
leg exercises (6). There is a lack of information regarding the immediate effect on physical
function in older adults after a single arm and leg HIIT session. Arm HIIT exercises could
affect physical function due to muscular fatigue, whereas this may not happen with leg HIT
exercises, especially in older adults.

Thai boxing, or Muay Thai, is a cultural sport that has become worldwide. It uses both upper
(i.e., straight punching, uppercut, and elbow slash) and lower (i.e., kicking and knee strike)
extremities to defend against oncoming danger. This type of sport or movement mainly
requires an anaerobic glycolysis and aerobic energy source (4). Janyacharoen et al. (13)
showed that Thai boxing dance training increased fithess function, balance ability, and quality
of life in aging individuals, and improved leg muscle strength, physical fithess, and quality of
life in in aging patients with knee osteoarthritis (14). These two studies were performed at the
level of moderate continuous aerobic training. There is a lack of evidence showing the effects
of combining Thai boxing and HIIT, which could be an alternative exercise to achieve a
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higher physical workload in a short exercising time. Therefore, the purpose of the present
study was to determine the immediate effects of Thai HIIT boxing between punching, kicking,
and stretching exercise on flexibility, balance, leg function, and 6-minute walk test in Thai
healthy young adults and older adults.

METHODS

Subjects

Untrained but physically active participants were recruited from Chonburi Province, Thailand
and divided into two groups according to age: young adults [age, 21.4 + 1.1 yrs; body weight,
54.7 + 7.4 kg; height, 159.8 £ 5.1 cm; Mini-Mental State Examination (MMSE), 28.9 + 1.2
points; n = 17] and elderly (age, 68.1 + 3.3 yrs; body weight, 58.1 + 8.0 kg; height, 157.8 £
6.4 cm; MMSE, 25.7 + 4.7 points). The physical characteristics of the participants in the two
groups are shown in Table 1. Participants with an MMSE score >24, body mass index (BMI)
<24.9 kg'm?, satisfied the physical activity readiness questionnaire, visual analog scale score
<5/10, no experience of Muay Thai Boxing, no history of falling in the past 6 months, and
those not taking muscular relaxant medication or medication to stimulate heart function were
included in the present study. Exclusion criteria were neuromuscular, skeletal, respiratory,
vision, or balance problems, angina pectoris, infectious diseases, uncontrolled diabetes
mellitus, thyroid problems, or hypertension. Prior to taking part in the study, participants gave
written informed consent and had normal electrocardiogram findings. The study conformed to
the standards set by the most recent revision of the Declaration of Helsinki and was approved
by the Research and Innovation Administration Division of Burapha University Ethics
Committee (registration number: SCI 092/2562).

Table 1. Physical Characteristic and 1st Baseline Measurements of Participants of the
Study (N = 34).
Young Adults Older Adults

(n=17) (n=17)

Physical Characteristic

Age (yrs) 21.4+1.1 68.1 + 3.3*
Sex (male/female) 2/15 2/15
Weight (kg) 54.7+7.4 58.1£8.0
BMI (kg-m2) 21.4+2.1 23.3+2.2*
MMSE (points) 28.9+1.2 25.7£4.7*
Exercise Volume (min-wk™?) 140.6 £118.7 146.5+£117.6
1st Baseline Measurements

Sit & Reach (cm) 27.5+9.2 26.7 £ 8.7
Forward Reaching (cm) 35.1+45 31.0+6.1*
5TSTS (sec) 40+0.3 56 £1.0*
TUG (sec) 46+04 6.1+£0.8*
6MWT (m) 625.2 + 56.3 509.6 + 68.5*

*Indicated P<0.05. Differences in sex distribution between groups examined with x? test. Data are
mean £ SD. BMI = Body Mass Index; MMSE = Mini-Mental State Examination; 5TSTS =5 Times Sit
to Stand; TUG = Time Up and Go; 6MWT = 6-Minute Walk Test
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Procedures

Study Design

Participants first attended a laboratory session in which they were familiarized with the
apparatus and measurements to be made 4 times, then baseline data were collected 2 to 3
days later. On the testing day, measurements including feeling scale, sit and reach test
(S&R), forward reaching test, time up and go (TUG), 5 times sit to stand (5TSTS), and 6-
minute walk test (6MWT) were taken before and immediately after the exercise session all in
the same order. Each participant randomly performed all 3 types of exercise sessions,
including HIIT punching, HIT kicking, and stretching exercise, with an interval of around 7
days between each exercise protocol (counterbalanced crossover design). All measurements
were made by the same skilled investigators.

Measurements

Feeling scale was measured immediately after each exercise session and was evaluated
using an 11-point bipolar scale from +5 to -5, where -5 indicated “extremely bad feeling,” 0
represented “normal, no change,” and +5 “represented extremely joyful”.

In the S&R test, the distance was measured in cm using the sit and reach box. Participants
slowly moved their trunk forward as far as possible while their knees were kept straight,
holding this position for approximately 2 sec. The best result of two measurements was
recorded.

The forward reaching test for balance assessment was made with the participant in a
standing position with feet approximately shoulder width apart. The participant then made a
fist and shoulder forward flexion at 90° and was asked to maximally reach their arm forward
parallel with the floor as far as possible without stepping or losing balance. The distance
between the starting position and the furthest final position at the middle phalange were
noted. Participants performed two attempts and the average value was used for analysis
(29).

TUG, which determines the functional mobility and balance, was measured as the fastest
time taken from standing up from a chair then walking straight for 3 m and turning to the chair
with a back rest. The test was repeated three times with a 1-minute rest in between and the
average time was used for analysis (15).

The functional leg strength using 5TSTS was measured as five measurements of sitting in a
standard chair (43 cm height and 47.5 cm in depth) to fully standing. The measurement was
repeated three times with 1-minute rest in between measurements and the average was
taken and used for analysis (14).

The 6MWT was used to measure the submaximal level of functional capacity performed by
walking a maximum distance over 6 minutes (3). The maximal distance was noted as well as
capability with modified fatigue and dyspnea as a 10-point scale.

Exercise Sessions

A HIIT protocol was used to measure exercise intensity using heart rate reserve (HRR) of
individuals wearing a polar heart rate monitor (H9, Kempele, Finland). After the prebaseline
test, participants performed a standardized warmup protocol for 7 minutes consisting of 1-
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minute jogging, 3-minutes exercised muscle stretching, and running on treadmill for 2
minutes at 50% of HRR, reaching 70% of HRR during the last 1 minute. Participants then
immediately moved off the treadmill to perform HIIT boxing (punching or kicking) in which
their heart rate reached 90% of HRR that lasted for 1 minute with encouragement throughout
this level intensity followed by 40% HRR for 2 minutes for a total of 7 rounds over 21 minutes
[adapted from the study of Fiorelli and colleagues (8) applying HIT ratio time 1:2 for older
adults]. Finally, participants cooled down for 5 minutes using light punching or kicking to
stretch the used muscle groups, with a total of approximately 33 minutes for a single exercise
session.

The stretching session was used as the passive control condition in which participants
performed self-stretching as instructed for hip adductors, quadriceps, hamstrings, and
gastrocnemius and soleus muscles. In order to reach a suitable intensity, participants
stretched until maximal tension was reached without any pain sensation and constantly
sustained this sensation for 40 sec and repeated the stretch 4 times on each side of the
muscle group, with a 1-minute rest between the muscles for a total of 24 minutes.

Statistical Analyses

Sample size was determined from a previous study that used the same repeated study
design to investigate the immediate effect of HIIT and used a sample size of 14 (8). To
ensure a better understanding and account for potential dropout, the sample size was
increased by 21% to 17. Descriptive data are presented as mean + SD and were tested for
normality using Shapiro—Wilk test. All data were normally distributed with the exception of the
difference of TUG. To compare exercise protocols, the absolute difference was given as
mean and 95% confidence interval. First, time and interaction effects were determined by
repeated measures ANOVA [time (pre, post) x intervention (HIT punching, HIIT kicking,
stretching)] and post hoc multiple comparisons were made using Bonferroni correction for
significant interactions. Second, the absolute difference between the two age groups was
measured using two-way repeated measure ANOVA [intervention (HIT punching, HIIT
kicking, stretching) x age (young adult, elderly)]. The effect size (ES) was reported as the
partial eta-squared. An alpha level of 0.05 was used to determine the statistical significance.
All statistical analysis was performed by using Statistic Package for the Social Sciences
(SPSS for Windows version 24.0, Chicago, IL, USA).

RESULTS

Compliance with training was excellent, and participants completed 100% of all three
exercise sessions with no adverse reactions to the exercise. Some participants subjectively
experienced mild delayed onset of muscle soreness in the exercised muscle for a few days,
but this was completely abolished within 3 to 4 days after a single HIIT session. The physical
characteristics and first baseline assessments are presented in Table 1. Compared with
young adults, BMI was significant higher in the older adult group, whereas the others
baseline measurements except S&R test were significant lower. For comparisons between
groups, the mean difference of before and after exercise of each of the variables was used.

Joyful feeling scale measured immediately after each exercise program was similar for the
two age groups (+4.5 in the older adult group and +4.4 in the young adult), and no significant
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difference between exercise intervention was found in the present study. Data for all
outcomes and measurements in both age groups are shown in Table 2. No significant
change in 6MWT for both groups was seen (P>0.05). However, no group or age effect was
seen in response to each exercise program in the present study, and both groups showed a
similar response to HIIT or stretching exercises.

A main effect of time was seen for both groups in the sit and reach test (Table 2), but this
only reached statistically significance after stretching exercise [F(1,16) = 27.9, P<0.001, ES =
0.64 for older adults and F(1,16) = 24.5, P<0.001, ES = 0.61 for the young adult group).
There was, however, an interaction effect between time and exercise program [F(2,32) = 6.1,
P =0.006, ES = 0.27], and while there was no change (trend to decrease) in the sit and reach
after HIIT punching, sit and reach was higher after stretching exercise and HIIT kicking (not
significant) for the older adult group. In the young adult group, there was no change in sit and
reach after HIIT kicking, but sit and reach was higher after the stretching exercise. A
comparison between the exercise programs using the mean difference revealed an effect of
exercise programs on sit and reach testing [F(2,32) = 6.2, P = 0.002, ES = 0.28] in older
adults as well as young adults [F(2,32) = 10.7, P<0.001, ES = 0.40]. The higher increase in
sit and reach compared with the other two programs after stretching exercise is presented in
Figure 1. The distance after stretching in the older adult group and was 1.71 (0.62, 2.78) cm
compared with HIIT punching (P = 0.004) and 1.39 (0.54, 2.26) cm for HIIT kicking (P =
0.003), whereas the distance after stretching in the young adult group was 1.75 (0.66, 2.84)
cm compared with HIIT punching (P = 0.004) and 2.18 (1.28, 3.07) cm for HIIT kicking
(P<0.001).
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Figure 1. Mean Difference (SE) in Sit & Reach Testing After Each Exercise Programs
for the Old and Young Groups. Filled bars are data for the old participants; open bars are
data for the young participants. *Significant difference between stretching exercise and HIIT
punching and kicking (N = 17, P<0.05).
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There was a substantial increase in distance of forward reaching after HIIT punching [F(1,16)
= 6.1, P =0.03, ES = 0.28] and stretching exercise [F(1,16) = 4.7, P = 0.045, ES = 0.23] only
in older adults (Table 2), and there was no significant between exercise conditions. No
change was seen in forward reaching in the young adult group.
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In the older adults group, post hoc analysis revealed that TUG was statistically decreased
[F(1,16) = 15.3, P = 0.001, ES = 0.49] after HIIT kicking, whereas an improvement was seen
after HIIT punching in the young adult group [F(1,16) = 13.9, P = 0.002, ES = 0.47] (Table 2).
Nonparametric analysis showed a significant difference between exercise programs in which
the median difference of TUG was better after HIIT kicking exercise compared with stretching
exercise, with -0.25 sec after HIIT kicking and -0.03 sec after stretching exercise in older
adults (P = 0.013) and -0.21 sec after HIIT kicking and -0.10 sec after stretching (P = 0.039)
in the young adult group (Figure 2).

Data for the 5TSTS measurements revealed an improvement in older adults after HIIT
punching [F(1,16) = 8.8, P = 0.009, ES = 0.36]. There was a significant increase in 5TSTS
performance after HIIT punching [F(1,16) = 64.7, P<0.001, ES = 0.80), HIT kicking [F(1,16) =
26.4, P<0.001, ES = 0.62], and stretching exercise [F(1,16) = 11.0, P = 0.004, ES = 0.41] in
the young adult group, although this was not statistically significant between exercise
programs (Table 2).
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Figure 2. Median Difference (Interquartile Range) in Time Up and Go (TUG) After Each
Exercise Programs for the Old and Young Groups. Filled bars are data for the old
participants; open bars are data for the young participants. *Significant difference between
HIIT kicking and stretching exercise (N = 17, P<0.05).

Surprisingly, there was an age effect on fatigue scale measured just before 6MWT. After HIIT
kicking, the young adult group showed greater fatigue in their legs compared with older adults
[1.6 vs. 0.5 points, respectively, F(1,31) = 4.3, P = 0.046, ES = 0.12]. Moreover, after the
stretching exercise, fatigue and dyspnea scale was lower than other two HIIT exercises in the
young adult group (P<0.05).

DISCUSSION

Optimal load exercise is common in all types of physical trainings to show body functional
adaptation. However, there are many reasons to be cautious about high-intensity exercise
with excessive load, especially in older adult populations. Therefore, the present study
examined the advantages and disadvantages of a single HIIT with Muay Thai and stretching



Table 2. Mean and SDs of Outcome Measures Before and After HIIT Punching, HIIT Kicking, and Stretching.

Outcome
Measures

Older Adults
(n=17)

Sit & reach (cm)
Forward Reaching
(cm)

5TSTS (sec)

TUG (sec)

6MWT (m)

Young Adults
(n=17)

Sit & Reach (cm)
Forward Reaching
(cm)

5TSTS (sec)

TUG (sec)

6MWT (m)

HIIT Punching

Before

27.1+8.6
32.1+6.2

551+0.9
6.03+0.7

After

27.0+8.7
33.7+6.2°

524+09°%
596 +0.8

530.5+63.0 539.0+55.1

28.1+8.9
34.9+53

3.97+0.3
463+0.4

28.4+8.5
36.0+5.5

3.73+0.3%
441 +0.3%

621.1 +57.8 626.0 +53.6

HIIT Kicking

Before

26.2+8.3
31.8+6.8

554+1.0
6.19+0.8
516.4 £45.3

285+9.1
35.8+4.2

3.98+0.3
460+0.4
615.9 +50.2

After

26.3+8.3
329+7.0

534+0.8
591 +0.72°¢
521.7 £60.0

28.4+8.5
36.0+4.9

3.72+0.3%
4.13+1.0°
627.0 +54.2

Stretching

Before

26.6 £ 8.5
329+5.6

555+0.9
6.06 £ 0.7
519.5+65.3

27.5%+8.9
36.0+5.7

3.96+0.3
454+0.4
623.1 £ 52.6

After

28.1+8.23b
33.9+5.72

548+0.9
6.02 0.8
524.6 £ 55.7

29.6 £ 7.93b
37.0+4.7

3.75+0.3%
443 +0.3
636.6 + 46.1

0.05 (0.22)
<0.01 (0.40)

<0.01 (0.52)
0.01 (0.33)
ns

0.02 (0.28)
ns

<0.01 (0.79)
<0.01 (0.44)
ns

P value (ES)

EXS

<0.01 (0.28)
ns

ns
0.01
ns

<0.01 (0.40)
ns

ns
0.04
ns

17

Interaction

<0.01 (0.27)
ns

ns
ns
ns

<0.01 (0.40)
ns

ns
ns
ns

HIIT = High-Intensity Interval Training; 5TSTS = 5 Times Sit to Stand; TUG = Time Up and Go; 6MWT = 6-Min Walk Test. Note: P value
and effect size (in parentheses) are presented in the last columns as main time effect (Time), intervention effect (EXS), and interaction
effect. 2Significant difference between before and after exercise. Significant difference between stretching and HIIT punching/kicking.
¢Significant difference between HIIT kicking and stretching. P<0.05
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exercise on physical function in young adult and older adult populations. The study found that
there was no acute negative effect of HIIT punching/kicking or stretching exercise on physical
function, although stretching exercise mainly increased individual flexibility and HIIT punching
or kicking led to an improvement in 5TSTS and TUG assessments. Moreover, no age-related
difference was found for functional performances in the present study.

Muscle and joint flexibility measured by sit and reach test was shown to be acutely increased
following stretching exercises in previous studies (20). This change may occur as a result of a
decrease in tissue passive stiffness (23) and increased stretch tolerance (20). The response
in the flexibility adaptation to stretching exercise was similar between the young adults (2.1
cm) and the older adults (1.5 cm), which is contrary to a previous report by Palmer (22) who
demonstrated that passive stiffness and ROM was greater in older people after a single
stretching exercise. One possible explanation may be due to a greater tendon compliance in
older adults (27), while no difference between age was observed in the present study,
indicating no differences in initial stiffness that may contribute to the magnitude of the change
in tissue stiffness in response to stretching exercise. However, Handrakis et al. (12) reported
that there was no adverse effect of stretching exercise on other physical functions and found
a greater improvement in dynamic balance and no effect on jump/hop performance in active
middle-aged adults. Despite the immediate change in these functions, the training stretching
exercise program may be beneficial to gain in gait performance in terms of increased step
length, higher speed, and reduced double leg support time in older adults for 12 long training
sessions (5).

The forward reaching distance was increased after HIIT punching. This could be associated
with better balance function when the arm is moving forward while standing still during
punching tasks in order to make the trunk and body stable. This is supported by the findings
of a study, who investigated boxing in stroke patients, but this was only seen in the older
adult group, as well as following lower limb stretching exercise which could indicate that
tissue extensibility affects the ankle strategy in order to maintain body balance when the
center of gravity shifts to forward direction (29). Despite a greater improvement in forward
reaching balance, the stability test using TUG was also better after kicking in older adults,
whereas this was seen following punching in the young adult group, which is agreement with
previous findings that used an ancient boxing training technique for 4 to 12 weeks (13). In
another words, making the legs or arms work while standing during boxing could improve
balance and gait and substantially reduce the risk of falling (2). The balance results in the
present study were different to those found in a previous single HIIT study that found a
transient deterioration of postural sway 10 minutes after exercise and claimed that this
response may be short due to overloading interfering with proprioception (i.e., otolith function)
and increased respiratory rate inducing poor postural control (7).

The improvement in 5TSTS seen in both groups after HIIT punching and subsequent HIT
kicking and stretching exercises in the young adult group could be explained by the change in
integration, including quadricep strength, visual contrast sensitivity, lower limb proprioception,
reaction time, and psychological factors (18), and were similar to a previously reported
training study (14). Pugh et al. (25) argued that a combination of resistance exercise and a
single HIIT (10 x 1 minute at 90% HR max) still resulted in an increase in satellite cell content
in type-I-specific muscle fibers after four days and it was speculated that HIIT did not interfere
in the satellite cell response and further affected muscle strength. The distance of 6MWT to
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measure the submaximal level of aerobic capacity was not altered after a single session of
HIIT or stretching exercise. It has been suggested that these types of exercise may not have
a sufficient effect on functional capacity, which is usually seen in this kind of adaptation in
chronic training (13), as well as hemodynamic changes such as increased cardiac output
(28). In addition, the previous finding showed that spirometer parameters did not change after
a single HIIT workout of 10 x 1 minute at 90% of maximum HR and change in HR variability
in healthy adults (1). Further studies are required to better understand the effects of HIIT on
cardiopulmonary function. However, the distance of testing was not much lower than before
exercise in both groups, and these exercises may be performed without affecting functional
capacity on the same day. Surprisingly, elderly individuals showed a slight increase in fatigue
and dyspnea scale following all three exercises, but greater fatigue was seen in the young
adult group compared to older adults. This could be explained by blood lactate concentration,
as a previous study reported no difference on this fatigue marker between young and middle-
aged adults who performed a single HIIT exercise including running for 10 x 1 minute at
100% VO2 max (24).

However, a lack of recent studies evaluating this response makes it difficult to compare the
findings between studies, which could be considered as a limitation of the present study, as
well as the imbalance in proportion of males and females. A single HIIT session only provides
a framework, and the accumulating training effect for 3 to 8 weeks of these HIIT exercises
should be further investigated. Understanding the effect of HIIT with Muay Thai punching and
kicking on physical function in older adults is important. In the present study, the joyful feeling
scale was similar among these three exercises and there was no superior effect seen in
response to HIIT punching and kicking. Therefore, we suggest that older adult people with
problems prominently in their lower limbs or dynamic balance could selectively perform HIIT
punching to transfer the effect to the leg function, whereas HIIT kicking works on people to
train stability performance. Finally, those with limited ROM may prefer to use stretching
exercise to gain better physical function.

CONCLUSIONS

The findings in the present study indicate that stretching exercise acutely increases flexibility
performance, while HIIT punching/kicking are feasible and safe exercises that improve leg
function and balance, likely as a result of standing position and weight shifting throughout the
exercise session, and show no difference with age in the response of the exercise sessions.
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