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Introduction

Many office workers spend long hours sitting at a 
desk1).  With the rapid progress of contemporary tech-
nology, the sitting position has become the most com-
mon posture in the workplace today2).  It has been 
found that three-quarters of all workers in industrialized 
countries are in sedentary jobs that require prolonged 
time in sitting postures3).  A recent study reported that 
workers in sedentary jobs spent an average of 10 h in 
a sitting posture during a 24-h period4).  Approximately 
one-third of office workers who use a visual display ter-
minal (VDT) experience neck and back pain5, 6).  It is 
known that physical risk factors, such as prolonged sit-
ting, may aggravate neck and back pain7).  The lifetime 

cumulative incidence of neck and shoulder symptoms 
was 57% among the office workers8).  The forward 
head posture (FHP), which is a combination of upper 
cervical extension, lower cervical flexion, and rounded 
shoulders, was generally adopted by office workers and 
related to musculoskeletal dysfunction9).

An epidemiologic investigation revealed that the 
incidence of low-back pain was higher in occupations 
that involve prolonged sitting10).  Previous studies have 
reported that prolonged sitting decreases the lumbar 
lordotic curve and increases intradiscal pressure, pres-
sure on the ischium, and muscle activity11, 12).  It has 
been reported that prolonged flexion during sitting was 
the cause of redistribution of the nucleus within the 
annulus13).  Such factors together may eventually cause 
disc herniation, degeneration, or rupture, and potentially 
LBP11, 12).  Moreover, a prolonged static sitting posture 
may have a negative effect on the nutrition of the inter-
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vertebral disc14).
Thus, it is important to teach seated workers to main-

tain the correct sitting posture when performing desk 
work1).  The ideal seated posture is where the lumbar 
spine has some degree of extension (lordosis), whereas 
a poor posture is where the lumbar spine is kyphotic 
(slumped)15).  However, for many people it is difficult 
to maintain the ideal sitting posture with the natural 
lordosis and increased anterior pelvic tilt, since fatigue 
of the lumbar extensor muscles increases when during 
prolonged sitting16, 17).  Therefore, most seated work-
ers adopt the relaxed or slumped sitting posture during 
long hours of desk work1).  In slump sitting, the thora-
columbar spine is relaxed while looking straight ahead 
and the pelvis is in the posterior rotation position18).  A 
posterior pelvic tilt decreases lordosis via flexion of the 
lumbar spine, causes posterior movement of the nucleus 
pulposus, and increases the diameter of the interverte-
bral foramina16).  Slump sitting reduces the activation of 
the spinal stabilizing muscles19) and is associated with 
increases in loading on the intervertebral disc20) and 
connective tissue21).  Clinically, it is known that passive 
postures such as slump sitting aggravate chronic low-
back pain22).

The elastic quality of Kinesio Tape (KT) may help to 
support or inhibit muscle function, support joint struc-
ture, reduce soft-tissue inflammation, reduce pain, and 
provide benefits to the sensorimotor and proprioceptive 
systems23).  According to one study, KT might increase 
the provision of feedback to the muscles that sustain 
the stability of the thoracic spine and scapula as well as 
the preferred postural alignment23).  However, it has yet 
to be determined whether application of KT can exert 
a mechanical effect on changes in pelvic inclination, 
or prevent pelvic deformation due to incorrect sitting.  
Hence, the objectives of this study were to determine 
whether there is a change in the anterior inclination of 
the pelvis after 30 min of sitting with a posterior pelvic 
tilt, also known as slump sitting, by seated workers, and 
if so, to determine whether the application of anterior 
pelvic tilt taping (APTT) with KT to both erector spi-
nae (ES) and internal oblique (IO) muscles can prevent 

these changes.

Methods

Subjects
The 56 subjects who consented to participate in this 

experiment were randomly allocated to a no-APTT 
group (15 males and 13 females) or an APTT group 
(15 males and 13 females) using a computer-generated 
randomized table of numbers.  Each of the subjects 
normally worked for more than 7 h in a seated posi-
tion (Table  1).  Subjects with limitation in the range of 
movement of the pelvis and spine, and orthopedic dis-
abilities such as pain or neurologic deficits of the pelvis 
and spine during the previous year were excluded from 
the study.  Prior to the start of the study, the subjects 
signed an informed-consent document that was approved 
by the Human Ethics Committee of the Faculty of 
Health Sciences at Inje University.

Instrumentation
A palpation meter (PALM, Performance Attainment 

Associates, St. Paul, MN, USA) was employed to mea-
sure the anterior inclination of the pelvis.  This instru-
ment comprises an inclinometer and two caliper arms.  
The PALM is a reliable and cost-effective measure-
ment instrument for calculating the height discrepancy 
between landmarks24, 25).  In a study involving measure-
ment of differences in pelvic crest height difference, 
the PALM and radiographs yielded the same results25).  
Other studies in which the PALM was used to measure 
the ipsilateral anterior superior iliac spine (ASIS) and 
posterior superior iliac spine (PSIS)26–28).  Intra- and 
intertest reliabilities of 0.90 and 0.85, respectively, for 
this instrument.

Procedures
The subjects assumed an upright standing posture 

with the anterior aspect of the thighs against the stabi-
lizing table24).  The examiner palpated the prominences 
of the ipsilateral ASIS and PSIS, marking them with 
a black pen.  The anterior inclination of the pelvis 

Table 1.   General characteristics of the subjects (N=56)

Variable
APTT group no-APTT group

Male (n=15) Female (n=13) Male (n=15) Female (n=13)

Age (yr)   23.80 ± 1.61*   21.46 ± 1.33   23.53 ± 1.86   25.31 ± 4.63

Height (cm) 172.09 ± 5.17 161.85 ± 4.34 172.67 ± 5.04 160.08 ± 4.72

Weight (kg)   68.13 ± 7.32   52.73 ± 6.56   67.60 ± 7.72   51.42 ± 4.38

Hour of VDT work (h/d)     7.03 ± 2.41     8.35 ± 1.46     7.73 ± 2.56     8.73 ± 2.23

*mean ± SD, APTT=Anterior Pelvic Tilt Taping.
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was then measured with the caliper tips of the PALM 
at the marked ipsilateral ASIS and PSIS29).  For the 
no-APTT Group, after 30 min of the slump sitting, the 
both anterior inclination of the pelvis was measured 
again in the upright standing posture.  For the APTT 
Group, APTT was applied to the ES and IO muscles 
(acting on the anterior pelvic tilt) using KT after the 
initial measurement of pelvic anterior inclination.  The 
tape was applied by a professional physical therapist 
who was experienced in this area, stretching the KT 
by 15–25%30) while the subjects were in the upright 
standing position with the anterior aspect of the thighs 
against the stabilizing table.  The APTT group was then 
asked to assume and maintain the slump sitting position 
for 30 min with ATTP, after which the anterior inclina-
tions of both sides of the pelvis were remeasured in the 
upright standing posture (Fig.  1).

For the ES, the KT was applied from the iliac crest 
to the inferior borders of the angles of the lower six or 
seven ribs in the direction of the muscle fiber to impose 
a mechanical effect on the anterior pelvic tilt (Fig.  2).  
For the IO, the KT was applied obliquely, medially and 
upward to impose a mechanical effect, starting from 
the middle one-third of the intermediate line of the 
iliac crest in the origin to the inferior borders of ribs 
10–12, the insertion, and the linea alba by means of an 
aponeurosis (Fig.  2).  In addition, the margin of error 
was reduced as much as possible by having a single 
examiner measure the change in the anterior inclinations 
of both sides of the pelvis.  Anterior and posterior pel-
vic tilts are defined as positive (+) and negative (–) tilt 
angles, respectively.

Data analysis
Statistical analysis was performed using the SPSS 

statistical package (version 14.0, SPSS, Chicago, IL, 
USA).  The paired t-test was used for the no-APTT 
group to analyze statistically significant differences in 
anterior inclination of the pelvis between before and 
after slump sitting, whereas a repeated one-way ANOVA 
was used for the APTT group to analyze changes in the 
anterior inclination of the pelvis.  Multiple comparisons 
were based on Bonferroni’s correction.  The level of 
statistical significance was set at p<0.05.

Results

The right (Rt) anterior inclination of the pelvis of the 
males in the no-APTT group was initially 8.03 ± 1.72° 
(mean ± SD); this changed to 5.19  ± 2.26° after 30  min 
of slump sitting; the left (Lt) anterior inclination of 
the pelvis changed from 8.30  ±  1.80° to 6.26  ±  2.44° 
(Table  2).  The Rt anterior inclination of the pelvis 

of the females in the no-APTT group changed from 
9.35  ±  2.27° to 6.55  ±  3.20° after 30  min of slump 
sitting, and the Lt anterior inclination of the pelvis 
changed from 9.35  ±  2.27° to 7.14  ±  2.96° (Table  2).  
For both the male and female subjects in the no-APTT 
group, both anterior inclinations of the pelvis decreased 
significantly when the subjects returned to the upright 
standing posture after 30 min of slump sitting (p<0.05).

The Rt anterior inclination of the pelvis of the males 
in the APTT group was 7.91  ± 2.56° initially, changing 
to 9.57 ± 2.62° immediately after the APTT application 
and to 9.81 ± 3.56° after 30 min of slump sitting.  The 
Lt anterior inclination of the pelvis in these subjects 
was 7.18 ± 2.51° initially, 9.50 ± 1.92° immediately after 
the APTT application, and 10.61  ±  3.17° after 30  min 
of slump sitting (Table  3).  The Rt anterior inclination 
of the pelvis of the females in the APTT group was 
6.95  ±  2.95° initially, 9.19  ±  4.19° immediately after 
the APTT application, and 9.07  ±  3.19° after 30  min 
of slump sitting.  These figures for Lt anterior inclina-
tion of the pelvis were 7.75 ± 2.83°, 9.72 ± 3.57°, and 
9.35 ± 2.79°, respectively (Table  3).  For both the male 

Fig. 1.   Experimental conditions for measuring anterior inclination 
of the pelvis.

Fig. 2.   APTT application for erector spinae (ES) 
muscle and internal oblique (IO) muscle.
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and female subjects in the APTT group, the anterior 
inclination of both sides of the pelvis increased signifi-
cantly immediately after the APTT application (p<0.05), 
and this increase was maintained when returning to the 
upright standing posture after 30 min of slump sitting 
(i.e., no significant decrease after slump sitting, p>0.05; 
Figs.  3 and 4).

Discussion

For all subjects in the no-APPT group, regardless 
of gender, anterior inclinations of the pelvis decreased 
significantly when they returned to an upright standing 
posture after 30 min of slump-sitting.  All subjects in 
the APTT group, again regardless of gender, exhibited a 
significant increase in the anterior inclination of the pel-

vis immediately after the application of APTT, and this 
increase was maintained when returning to an upright 
standing posture after 30 min of slump sitting.  The ES 
and IO muscles to which KT was applied in this study 
are the muscles that stabilize sacroiliac joint16).  The 
ES may increase lumbar lordosis by causing anterior 
tilt of the pelvis, since it is attached to the sacrum and 
pelvis16).  The upper anterior fibers of the IO, which 
are fixed at the thorax, may also contribute to anterior 
pelvic tilt31).

It is known that the blood and lymph circulations 
may be enhanced at the sites where KT is applied, and 
thus the muscular and myofascial functions at those 
sites may be affected32, 33).  The application of KT to 
the skin may stimulate cutaneous mechanoreceptors34), 
strengthen the weakened muscles, and assist postural 

Table 2.   Comparison of the anterior pelvic tilt angle before and after slump sitting of 
no-APTT group (N=28)

Inclination
mean ± SD (Degrees)

p
Before slump sitting After slump sitting

Rt. ASIS-PSIS Tilt Angle (M) 8.03 ± 1.72 5.19 ± 2.26 0.000

Lt. ASIS-PSIS Tilt Angle (M) 8.30 ± 1.80 6.26 ± 2.44 0.011

Rt. ASIS-PSIS Tilt Angle (F) 9.35 ± 2.27 6.55 ± 3.20 0.001

Lt. ASIS-PSIS Tilt Angle (F) 9.58 ± 2.34 7.14 ± 2.96 0.000

Rt: Right, Lt: Left, M: Male, F: Female.

Table 3.   Comparison of the anterior pelvic tilt angle before and after APTT apply of APTT group (N=28)

Inclination
mean ± SD (Degrees)

p
Before slump sitting APTT apply After slump sitting

Rt. ASIS-PSIS Tilt Angle (M) 7.91 ± 2.56 9.57 ± 2.62 9.81 ± 3.56 0.011

Lt. ASIS-PSIS Tilt Angle (M) 7.18 ± 2.51 9.50 ± 1.92 10.61 ± 3.17 0.000

Rt. ASIS-PSIS Tilt Angle (F) 6.95 ± 2.95 9.19 ± 4.19   9.07 ± 3.19 0.006

Lt. ASIS-PSIS Tilt Angle (F) 7.75 ± 2.83 9.72 ± 3.57   9.35 ± 2.79 0.002

ASIS: Anterior Superior Iliac Spine, PSIS: Posterior Superior Iliac Spine.

Fig. 3.   Comparison of Rt. & Lt. ASIS-PSIS tilt angle of males in 3 
conditions (*p<0.05).

Fig. 4.   Comparison of Rt. & Lt. ASIS-PSIS tilt angle of females in 3 
conditions (*p<0.05).
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alignment35).  Thus, even in postures such as slump sit-
ting, where external resistance causes posterior pelvic 
tilt, KT may stimulate cutaneous mechanoreceptors, 
causing anterior pelvic tilt after returning to the upright 
standing posture by enhancing the functions of the ES 
and IO muscles.  

The results show that the posterior pelvic tilt per-
sisted in the no-APTT group, even after returning to the 
upright standing posture following 30 min of slump sit-
ting.  Although the decreased anterior inclination of the 
pelvis did not cause abnormal pelvis deformation, which 
is a disease, continuous and habitual slump sitting may 
cause posterior pelvic tilt deformation.  Some previous 
studies have reported that, although sitting itself is not 
closely related to lower back pain, a sitting position 
in association with other factors such as an awkward 
posture significantly increased the danger of lower back 
pain36, 37).  In clinical settings, passive postures such 
as slump sitting have been identified as predictive of 
chronic lower back pain22).  Compared with standing, 
the slumped posture resulted in not only the increase in 
spinal compression forces, but also deformation of the 
intervertebral discs38).  Additionally, deformation of the 
intervertebral discs over time may impose more load on 
the facet joints39), which may place more pressure on 
the nerves in the spinal column40).

However, the results from the APTT group show that 
application of KT to the anterior pelvic tilt muscles 
exerts a mechanical benefit, preventing the reduction of 
the pelvic inclination that may occur when the pelvis 
rotates backward, as in slump sitting.  It is thought that 
APTT can thus maintain the anterior inclination of the 
pelvis.  However, it will be very difficult to establish 
a cause-and-effect relationship between position and 
pain41).  The present study did not examine the mecha-
nisms leading to pain in subjects with postural malalign-
ment in any detail.  The most important requirements 
regarding anterior pelvic tilt is to increase lumbar lor-
dosis and optimize the entire spine alignment16).  It has 
been reported that the maintenance of a normal lumbar 
lordotic curve is clinically associated with the preven-
tion of spinal disorders42).

Since the posture of the pelvis and lumbar spine 
greatly affect the posture of the other parts of the ver-
tebral column, correction of the sitting posture may 
significantly influence the treatment and prevention of 
spinal problems16).  Clinically, the general approach for 
the treatment of subjects with neck, shoulder, and back 
problems is posture correction43).  Stability is usually 
required in the more proximal part of the body, such as 
the trunk, for effective motion and positioning of a dis-
tal structure44), and interventional approaches for work-
related neck and upper-limb disorders must focus on the 

trunk muscles prior to stretching and strengthening of 
the neck muscles45).  A correct lower back posture by 
APTT application may have a beneficial effect on neck 
and shoulder posture, since this may not lead to muscu-
loskeletal disorders to seated workers.

This study has some limitations.  First, the change 
in the pelvis inclination by the APTT application was 
investigated in the study, but the change in the trunk by 
the APTT application was not evaluated.  Second, how 
long the pelvic alignment was maintained after slump-
sitting by the APTT application was not evaluated.  
Third, the appropriate APTT application duration was 
not investigated in a long-time study so that the pos-
sible side effects of prolonged anterior pelvic tilt might 
be excluded.  Future research is also needed to address 
these issues.

Conclusions

We found that pelvic deformation to a posterior tilt 
may result when seated workers persistently assume the 
posterior pelvis tilt posture, such as in slump sitting.  
We suggest that APTT can be applied as an auxiliary 
treatment method for preventing pelvic deformation in 
the seated worker whose pelvis has been tilted posteri-
orly in this way, since APTT can maintain the anterior 
inclination of the pelvis.
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