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Abstract.

BACKGROUND: In the working environment of modern society, a poor sitting posture for a prolonged time may lead to abnormal
spinal alignment such as thoracic kyphosis (TK).

OBJECTIVE: This study aimed to evaluate the efficacy of taping for posture correction of patients with TK, providing theoretical
and empirical guidance for clinicians attempting to rectify TK posture.

METHODS: The study included 15 subjects aged 30-60 years, all with a TK angle of > 40°. Subjects were required to ascend and
descend a set of three steps (a low step, high step, and second low step) under three different conditions: without tape assistance,
with taping assistance using 20% elongation, and with taping assistance using 40% elongation. A triaxial accelerometer was
employed to measure and compare the anterior-posterior (AP), vertical (VT), and medial-lateral (MIL) movements of the thoracic
vertebrae in the different conditions.

RESULTS: There were no significant differences in the MIL (P = 0.903) or AP (P = 0.114) movements between the no tape
assistance and 20% elongation taping conditions. However, a significant difference was found in the VT movement (P = 0.017).
Comparing the no assistance condition to the 40% elongation taping condition, no significant changes were noted in the MIL
movement (P = 0.650), but significant differences were detected in both the VT (P = 0.003) and AP movements (P = 0.016).
No significant differences were found in any of the three measurements between 20% and 40% elongation taping.
CONCLUSION: Taping serves as an effective method for immediately improving kyphotic posture. It corrects the position of the
scapula and cervicothoracic line and exerts passive retraction on the relevant muscles, thus mitigating trunk imbalance.
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1. Introduction in societal and work-related practices [1]. In work envi-
ronments, it is not uncommon for employees to assume

Since the advent of computers and mobile technology poor posture while relaxing during breaks [2], poten-
in the 1950s, there have been profound transformations tially leading to fatigue of the lumbar extensor muscles

and difficulty maintaining the typical upright posture
of the spine [3,4]. Prolonged slouching can adversely

) 8 TS affect spinal alignment, potentially resulting in thoracic
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Research by Griegel et al. suggests that abnormal
spinal alignment is indicative of imbalances and ir-
regular movements within the musculoskeletal sys-
tem [7]. Poor posture typically manifests when the head
or shoulders are positioned further forward than the
trunk, causing a forward head and chin posture [8,9],
forward and downward rotation of the scapulae, an in-
crease in cervical lordosis, and an enhancement in up-
per TK. These changes can potentially lead to upper
quarter pain [10,11,12]. Hence, imbalances in muscle
strength and excessive strain on the thoracic spine, due
to poor posture, are often the root causes of TK.

A TK angle of < 40° is deemed normal [13]; hence,
angles greater than this are diagnostic of TK [14]. The
primary determinant of the spine’s sagittal position is
the thoracic vertebrae, as the thoracic curve is shaped
by the vertebral body [15]. This physiological confor-
mation of the spine, coupled with the posterior con-
cave curvature induced by lumbar and cervical lor-
dosis, ensures spinal balance and resistance to grav-
ity [16]. Compared to other human joints, the thoracic
vertebrae exhibit minimal movement, serving to protect
nerves that pass through the vertebral foramen [17].
Furthermore, as functionally crucial segments requiring
both stability and flexibility, the thoracic vertebrae play
an integral role in providing strength to the arms and
legs [18].

According to Lee et al., imbalances in muscle
strength due to improper spinal alignment result in com-
pensatory overuse of postural muscles, leading to exces-
sive energy expenditure, fatigue, and pain [19]. Similar
studies suggest that TK results from improper weight-
bearing and movement patterns, and that greater rigid-
ity in the thoracic vertebrae leads to improper postural
control of lumbar and cervical regions. This situation
triggers compensatory behavior [20] and alterations
in normal sagittal alignment, which could potentially
cause pain and dysfunction in the shoulder and pelvic
girdle, as well as the cervical, thoracic, and lumbar
vertebrae [21]. Moreover, incorrect spinal alignment
can even lead to decreased activity in surrounding tis-
sues [22], increase the risk of falls among middle-aged
and elderly individuals [23], and potentially have seri-
ous consequences such as elevated mortality rates [24].

Han et al. [25] discovered that the application of tape
immediately results in passive retraction of the scapulae
to correct RSP, consequently stretching the shortened
pectoral muscles. Their findings revealed that the use
of stretch tape significantly lengthened the pectoralis
minor muscle and substantially reduced the protrac-
tion of the scapulae. Mechanistically, as an individ-

ual works at a desk, the stretched tape is placed un-
der increased tension, prompting the shoulders to re-
tract. Similarly, Hwang-Bo et al. [26] found that taping
immediately corrected RSP and alleviated back pain
in women required to sit for extended periods due to
their occupations. Another study identified significant
post-taping rotation of the scapulae in the sagittal plane
in patients with shoulder impingement syndrome [27].
Furthermore, taping has been proven to enhance the
three-dimensional movement of the scapulae [28].

From a mechanistic standpoint, taping exerts a
pulling force on the target muscles, utilizing its own
elasticity to restore misaligned muscles to their correct
position. To date, most research on posture correction
using taping technology has aimed to verify that tap-
ing can improve muscle pain and related bone posi-
tions. However, there is a lack of experimental evidence
on the effect of taping technology on the daily move-
ments of patients with TK, particularly in relation to the
swinging of thoracic vertebrae in all directions.

A 3-axis accelerometer is a device designed to mea-
sure acceleration along three axes (MIL-X, AP-Y, and
VT-Z axes) in space. Numerous studies have utilized
3-axis accelerometers to monitor and evaluate dynamic
human activities [29,30,31]. Ito et al. studied the re-
lationship between the traditional clinical rating of
Parkinson’s disease and the metabolic equivalent and
physical activity level measured by 3-axis accelerome-
ter [29]. Lee et al. used a 3-axis accelerometer to mea-
sure the physical activity of the elderly with coronary
artery disease, and they tested the accuracy of the ac-
celerometer in detecting physical activity [30]. Shin et
al. installed triaxial accelerometers above T2 and L3
spinous processes in the elderly with impaired vision
to measure their gait time, trunk amplitude and trunk
acceleration ratio, and judge the influence of vision on
physical activities [31]. In a previous investigation of
trunk movement in patients with flat back syndrome,
the author used accelerometers to detect swinging of
the lumbar spine during dynamic activities, assisting
in targeted treatment [32]. In the present study, a 3-
axis accelerometer was used to monitor the balance and
motion of participants’ thoracic vertebrae during dy-
namic activities. The objective was to verify whether
taping technology can enhance stability by altering the
swinging of the thoracic vertebrae in all directions.

Coronal deformities, such as scoliosis, have been the
primary focus of spinal surgeons for many years. How-
ever, the significance of spinal alignment in the sagittal
plane has only recently been acknowledged. Underesti-
mation of the importance of sagittal spinal alignment,
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Fig. 1. Dual Inclinometer.

in conjunction with the increasing prevalence of poor
posture in modern society, has contributed to a surge
in TK cases [15]. The focus of this study is on explor-
ing the efficacy of taping to improve and prevent TK
posture.

2. Methods
2.1. Participants

This study recruited 15 volunteers aged 30-60 years
who exhibited a TK angle > 40°. Exclusion criteria
comprised any contraindications to exercise such as
rheumatic diseases, spinal arthritis, or nervous system
diseases [33]; a history of spinal surgery; contact der-
matitis or abnormal skin reactions to kinematic tapes;
and current treatments involving Thera-Band or tap-
ing [34]. Participants with any contraindications to ex-
ercise or prior spinal surgery were excluded if they had
received taping treatment, as it could significantly affect
the progress of the experiment and the accuracy of data.

The study was approved by the Human Ethics Com-
mittee of the Faculty of Health Sciences, Inje University
(number: INJE 2021-05-033-002) and informed con-
sent was obtained from all participants prior to study
commencement. The participant characteristics were as
follows (data are expressed as mean =+ standard devi-
ation): age, 42.8 + 9.4 years; height, 170.7 = 7.4 cm;
weight, 65.5 £ 8.4 kg; and TK angle, 43.6 £ 3.0°.

2.2. Equipment
2.2.1. Dual Inclinometer

TK angles were measured using a dual inclinometer
(Acumar; Lafayette Instrument Co, Lafayette, IN, USA)

Fig. 2. 3-axis accelerometer.

(Fig. 1) [35]. Participants were instructed to stand with
their feet shoulder-width apart, remain relaxed, and look
straight ahead. The spinous processes of the first and
twelfth thoracic vertebrae were palpated, marked, and
measured thrice with the dual inclinometer; the average
was then calculated.

2.2.2. Accelerometer

A three-axis accelerometer (Fit Dot Life, Suwon, Ko-
rea; size: 35 x 35 x 13 mm; weight: 13.7 g) (Fig. 2) was
affixed at the level of the spinous process of the sixth
thoracic vertebra to measure acceleration in the anterior-
posterior (AP), vertical (VT), and medial-lateral (MIL)
directions. Measurements were collected at a sam-
pling rate of 30 Hz/s, i.e., 30 acceleration values were
recorded each second. The data were calculated using
the following equations, where n represents the num-
ber of positive and negative acceleration values. The
absolute value of each type of acceleration was cal-
culated as v/(X;)2, /(Yi)%,1/(Z;)2, and the average
acceleration value was computed. The calculated values
represent the movement in each direction [32].

MIL = %Zn:\/(xif
ap =13 oy
=ty
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Fig. 3. A “low-high-low” steps.

KINESIOLOGY
3NS TAPE
M 22 cfolz

Fig. 4. The kinesiology 3NS tape.

2.2.3. Steps

Three steps were arranged in a “low-high-low” con-
figuration (Fig. 3). This design, which incorporates as-
cending and descending steps, allows monitoring of the
activity of the trunk in terms of upward acceleration
and downward deceleration. Each step was 10 cm in
length and 27 cm wide; the two lower steps were 16 cm
high, and the elevated step was 32 cm high.

2.2.4. Taping

KT-X-050 tape (Kinesio Tex, Tokyo, Japan) was used
in the experiment (Fig. 4). We analyzed tape with an
elongation of 20% under natural tension and tape with
an elongation of 40% under moderate tension.

Fig. 5. Application of taping to the subject.

2.3. Experimental methods

The steps were positioned on flat ground with ample
surrounding space. Participants were instructed to walk
a distance of 1 m, before reaching the first step and
beyond the third step, to facilitate capture of natural
data. However, only recordings obtained during ascent
and descent of the steps were included in the final anal-
ysis. The accelerometer was affixed at the T6 spinous
process. Participants were given verbal instructions and
asked to walk up and down the steps at a comfortable
pace three times, with a 30-second rest and adjustment
period between each trial.

After three trials without taping assistance, there
was a 5-minute rest and adjustment period. Following
that, tape was applied. The length of the tape from the
acromion joint to the spinous process of the tenth tho-
racic vertebra [25,26], and from below the medial third
of the clavicle via the upper trapezius muscle belly to
the lower trapezius muscle belly, was measured [36].
Then, the tape was cut to four-fifths of the required
length for a 20% stretch and three-fifths of the required
length for a 40% stretch. Lastly, the tape was applied bi-
laterally (Fig. 5). According to Lee and Yoo, when tap-
ing is used for immediate correction, the joints should
first be positioned correctly and tape should then be
used to secure them in this position [37]. Therefore,
volunteers were asked to remove their shirts, stand nat-
urally, extend their upper limbs, hold their hands out
slightly, retract their scapulae, look forward, retract the
head, and straighten the thoracic region to a neutral
position. Each taping-assisted trial was repeated three
times, with 30 seconds of rest between trials, and the
average of the measurements was used for analysis.

2.4. Data analysis

The SPSS 20.0 statistical package (SPSS Inc.,
Chicago, IL, USA) was used to conduct a one-way re-
peated measures analysis of variance (ANOVA). A P-
value < 0.05 was considered statistically significant,
and P < 0.01 was considered highly significant.
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Table 1
Acceleration values (N = 15)
MIL (m/s2) VT (m/s2) AP (m/s?)
Without assistance ~ 1.071 £ 0.282  6.144 +0.487  2.770 + 0.788
20% elongation 1.058 £ 0242  5.686 +0.470  2.256 + 0.734
40% elongation 1.0254+0.236  5.554 4+ 0.445 1.973 £ 0.898

All values are mean = standard deviation.

AP, anterior-posterior.
3. Results

The acceleration values are presented in Table 1.
There were no significant differences in the MIL ac-
celeration values (1.071 + 0.282 m/s? and 1.058 +
0.242 m/s? respectively, P = 0.903) or the AP move-
ment (2.770 + 0.788 m/s? and 2.256 + 0.734 m/s? re-
spectively, P = 0.114) between the no assistance and
20% elongation taping assistance conditions. However,
a significant difference was observed in the VT move-
ment (VT acceleration values of 6.144 + 0.487 m/s>
and 5.686 & 0.470 m/s? respectively, P = 0.017). There
were no significant differences in MIL movement be-
tween the no assistance and taping assistance with 40%
elongation conditions (P = 0.650), but the differences
in VT (acceleration values of 6.144 + 0.487 m/s? and
5.554 £ 0.445 m/s? respectively, P = 0.003) and AP
movement (acceleration values of 2.770 + 0.788 m/s>
and 1.973 4 0.898 m/s? respectively, P = 0.016) were
significant. There were no significant differences in any
of the three measurements between the taping assis-
tance with 20% and 40% elongation conditions.

4. Discussion

The change of the detected acceleration value can
reflect the swing of the participants’ torso during the
action, and this “swing” represents the balance and dy-
namic state of the trunk, that is, when the acceleration
value is large, the trunk swings violently and the control
ability is poor; When the acceleration value is small,
the trunk swings lightly and has strong control abil-
ity. We observed a significant difference in AP move-
ment between the 40% elongation taping and no taping
groups. This result demonstrates that the sagittal plane
movement of the trunk decreases after taping. Previous
studies have reported that, in individuals with TK, the
center of gravity is positioned farther forward than in
healthy individuals, leading to an increase in bending
torque on the thoracic vertebrae [38]. This mechani-
cal change imbalance the body, reduces control of core
muscles, decreases power output, and thus heightens

MIL, medial-lateral; VT, vertical,

the risk of falling [39]. Katzman et al. found that, com-
pared to the general population, individuals with TK
have poor control of the trunk, and their gait cycle is
marked by longer standing phases and slower walk-
ing speed. These factors are linked to an increased fall
risk [40]. In this study, the decreased AP movement in
the 40% elongation taping group reflects a reduction of
bending torque in the thoracic region; therefore, taping
assistance can be effective immediately.

During walking, normal spinal curvature plays a piv-
otal role in absorbing the impact force from the ground,
allowing the human body to swing and move forward
within the normal range. TK is characterized by ex-
cessive posterior protrusion of the thoracic vertebra,
leading to compensatory FHP and RSP. For individuals
with TK, the ground reaction force is directly trans-
mitted to the spine during walking, particularly when
climbing stairs, which exacerbates trunk instability and
results in larger VT movements of the center of mass
(COM) compared to individuals without TK [41]. This
may explain the higher acceleration values and more
severe thoracic spine swing observed in the unassisted
trials. In our study, taping assistance significantly de-
creased the acceleration of the thoracic vertebrae in the
VT direction compared to the condition without taping
assistance. Decreasing movement in the VT direction
while ascending and descending stairs may enhance
gait stability.

Balzini et al. found that FHP, scapula protraction,
reduced lumbar lordosis, and decreased standing height
were related to hyperkyphosis, and that individuals with
these attributes exhibited poorer balance, slower gait,
a wider stance and walking posture, and reduced stair-
climbing speed [22]. One possible explanation is that
individuals with TK require greater VT vertebral move-
ment to maintain their COM and absorb the ground re-
action force. Our results align with previous reports that
analyzed the effectiveness of Kinesio taping. In the cur-
rent study, we demonstrated that taping assistance can
effectively control compensatory movement in the tho-
racic vertebrae while ascending and descending stairs.
This method is a relatively efficient and cost-effective
solution for correcting kyphotic posture, and it may re-
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duce the risk of falls and fall-related mortality caused
by poor balance in the elderly.

Our results hold value for office workers, as well as
primary and secondary school students, who spend ex-
tended periods at desks and may unconsciously adopt
poor sitting postures [2]. Moore reported that poor pos-
ture can lead to weakening of the flexor muscles in the
neck and the middle and lower trapezius, along with
tension and contraction in the upper trapezius, levator
scapulae, pectoralis major and minor, and the rhom-
boids [42]. These muscle imbalances contribute to TK.
When TK [43] arises in isolation, the resulting increase
in spinal load can cause pain and discomfort. In an ef-
fort to mitigate this discomfort, the body responds with
compensatory movements, leading to the formation of
RSP and FHP [44]. Concurrently, the body attempts
to compensate for changes in lumbar curvature [45],
which can lead to further injury [9]. Collectively, these
changes constitute what is known as “slouched pos-
ture” [46]. Deepika et al. found significant correlations
between cervical lordosis and TK, and rounded shoul-
ders and increased TK [47].

There were several limitations to our study. First, the
relatively small sample size means our results may not
be generalizable to all populations. Second, our study
only included volunteers with TK resulting from poor
posture, so the findings may not extend to cases of TK
due to pathological causes or other factors. Third, we
included only individuals aged 30-60 years. Lastly, our
experiment did not involve long-term periodic testing,
such that further experiments are needed to verify the
long-term effects of taping on subjects with TK.

5. Conclusion

Taping can effectively ameliorate kyphotic posture
through immediate correction of movement in the AP
and VT directions, especially with 40% elongation tap-
ing. The postural impact of taping can affect the posi-
tion of the scapulae and cervicothoracic line, apply trac-
tion and passive retraction to related muscles, restore
spinal shock absorption, and reduce trunk imbalance.
Future research should investigate whether TK caused
by congenital and pathological factors can be alleviated
by the taping techniques applied in this study.
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