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Abstract
Background: The cross-legged sitting posture (CLS) is assumed by young adults’ results in a bent and unbalanced
posture. The study purpose was to assess the effect of sitting in a cross-legged position (knee on knee) on lumbar
proprioception. Thirty-six participants of both genders aged from 18 to 25 were selected and divided equally into
group A who adapt to a cross-legged sitting posture and group B who adapt to erect sitting (not prefer crosslegged sitting). The Biodex System 3 pro isokinetic dynamometer was utilized to assess the lumbar proprioception
by testing the lumbar region repositioning accuracy.
Results: The lumbar repositioning error of group A increased statistically significantly as compared to group B (p <
0.05).
Conclusions: Cross-legged sitting posture negatively affects lumbar proprioception compared with participants
who adapt to erect sitting, and this effect should be considered in the avoidance of sitting in a cross-legged
position and in prevention and intervention programs of lumbar proprioception impairment.
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Background
Young adults and adolescents spend a long time sitting
due to sedentary lifestyles which are exacerbated. Most
young adults rely on automobiles, even for shortdistance transport, and work or play video games on
computers and other screen time activities like watching
television [1], and sitting while maintaining knees
crossed is an example of popular asymmetric sitting positions [2].
Cross-legged sitting posture has several physiological
benefits, such as reducing external and internal obliques
muscle fatigue and providing sacroiliac joint stability [3],
and subject may find it comfortable, but when an asymmetric position becomes habitual, it has the potential to
cause musculoskeletal symptoms and disease [4].
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Proprioception is an essential aspect of the somatosensory system that gives afferent information on joint position and movement in normal human performance [5].
It plays major functions in feedback control, as well as
muscle stiffness management. All of these factors have a
role in maintaining joint stability. Musculoskeletal problems such as pain and fatigue have caused proprioception dysfunction [6].
The Biodex System 3 isokinetic dynamometer measures the position sensation mechanically accurately [7].
The active reposition sense was evaluated perfectly using
Biodex System since it indicates functional use and is
not affected by the external pressure of the measurement
equipment on the body [8].
Previous studies were done by Jung et al. [9] on sixty
participants to assess the cross-legged sitting effects on
the obliquity of the pelvic and revealed increased pelvic
asymmetry due to cross-legged sitting. Areeudomwong
et al. [10] investigated twenty-three participants to assess
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the seated handicraft tasks’ effects on trunk muscle fatigue. They revealed that during 30 min of sitting, the
crossed-leg sitting posture caused trunk muscular
fatigue.
Individuals with low lumbar extensor muscular endurance will have an influence on posture and balance because they are connected with poor proprioceptive input
from the muscles, which can cause back pain [11]. Van
der Esch et al. [12] reported that back muscular weakness was found to impact the trunk proprioceptive or
mechanoreceptor signals’ postural strategy.
Several studies had been conducted to determine the
morphological and functional changes in people who
adapted to sitting in a cross-legged position, but there
was a literature gap in the effect of sitting in a crosslegged position on lumbar proprioception.

Methods
Participants

Thirty-six students of both genders from Cairo University’s Faculty of Physical Therapy were recruited (mean
age 22.61 ± 1.89 years, height 169.41 ± 7.87 cm, weight
65.61 ± 8.065 kg), and BMIs were less than 25 kg/m2.
The G* POWER statistical software (version 3.1) was
used to determine the size of the sample (Franze faul,
Universtat akiel, Germany).
Participants were divided into group A including 18
participants who adapted to cross-legged posture for at
least 3 h per day for at least 1 year and group B including 18 participants who adapted to erect sitting.
Participants with a history of upper or lower extremity
neurological disorders, visual or vestibular problems,
radiculopathy, or back surgery, as well as pregnant females, were excluded from the study.
Design of the study

This is an observational cross-sectional study. The study
was done at the Laboratory of Isokinetic at Cairo
University’s Faculty of Physical Therapy from December
2020 to June 2021. The assessment was done once for
all participants.
Instrumentations
Weight and height scale

It was used to measure the height and weight of the participants and calculate the BMI (BMI = kg/m2).
Biodex System 3 pro isokinetic dynamometer

The dynamometer with a specific reclining back attachment is designed to assess the lumbar region’s repositioning accuracy (Biodex Medical INC., Shirley, NY,
USA). Its validity is ICC = 0.99 and reliability is ICC =
0.99 for evaluating joint position sensation [7].
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Procedures
Measurement procedures

Before beginning the procedures of the study, ethics approval from Cairo University’s Faculty of Physical Therapy (NO: P. T. REC/012/002840) was acquired, as well
as a completed written consent form from the participants. The participants’ ages were recorded, as well as
their heights and weights. Enough information was given
to the participants about the aim and procedure of the
study. Testing active repositioning of the lumbar spine is
at 30°/s [13].
During the training, the participants were instructed
to maintain a specific spinal range of motion, which
ranged from neutral extension of the lumbar spine to
30° flexion. This range was chosen because of the ability
of all participants to do it [14]. Three trials were recorded for each participant.
Before each testing session, the Biodex System was calibrated and stabilized. All the participants’ ability to do
the required lumbar flexion range was assessed. Each
participant was seated in the Biodex device chair in a
neutral upright starting position. The feet were kept off
the floor, and two belts were stabilizing both thighs. The
pelvic brace was put on the superior aspect of the proximal aspect of the thighs superiorly, tightly but comfortably. The lumbar spine was additionally supported by a
pad. Both hands were crossed over the chest.
The straps of force application were put vertically on
the anterior chest wall, and the trunk upper part was
connected to the back attachment with a belt, and the
head was in a neutral position. By adjusting the seat,
align the actuator arm axis with the disc space between
L5/S1. In each of the three testing trials, lock the dynamometer in the 0° position to guarantee that each participant began in the same position.
Pretesting and familiarization

Two familiarization trials prior to data collection were
allowed for all participants, with open eyes. The device
moved the trunk to the target lumbar flexion angle (30°)
[14] then held it for 5 s to allow enough time for the participant to remember the position and replicate it with
closed eyes [15]. The device then allowed the trunk to
get back to the beginning point.
Lumbar repositioning accuracy test

The device moved the trunk to 30° of lumbar flexion,
then held it at this angle for 5 s. The participant was
then told to get back to the beginning point and actively
recreate the target angle as precisely as possible. When
the participant felt he or she had achieved the correct
target, the participant kept this position 3 s before pressing a hold button to record the replicated position.
There is a 10-s break between test three trials. The
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proprioceptive error was measured in degrees as the absolute error using the three trials’ mean angular difference between the target angle position and the
participant’s perceived angle position [16].
Statistical analysis

The Shapiro–Wilk test was utilized to check the normality of the data. The characteristics of participants
and joint position error were compared between the
groups using an unpaired t test. The Statistical Program for Social Studies (SPSS) version 25 for Windows was used for all statistical analysis (IBM SPSS,
Chicago, IL, USA). For all statistical tests, the significance level was set at p < 0.05.

Results
Characteristics of participants

There was no significant statistical difference between
both groups in the mean age, weight, height, BMI, and
sex distribution (p > 0.05) (see Table 1).
Effect of cross-legged sitting position on joint position
error

Group A had a mean ± SD joint position error of 5.72 ±
1.71°, while group B had a mean ± SD joint position
error of 4.07 ± 1.68°. The mean difference between both
groups was 1.65°. There was a significant increase in the
joint position error of group A in comparison with that
of group B (p = 0.006) (see Fig. 1).

Discussion
The study was conducted to assess the effect of sitting in
a cross-legged position on lumbar proprioception in
young adults. When comparing groups A and B, the
study found that group A had a much higher lumbar repositioning error.
The study’s findings can be attributed to one of the
following mechanisms. First, sitting cross-legged
causes a bent and imbalanced posture, resulting in a
considerable increase in pelvic obliquity [9]. Lumbar
proprioception impairment is assumed to affect the
spinal control by reducing the capacity to achieve
Table 1 Comparison of characteristics of participants between
group A and group B
Mean ± SD

MD

t-value p-value

Group A

Group B

22.17 ± 2.17

23.05 ± 1.61

− 0.88 − 1.37

Weight (kg)

65.22 ± 8.98

66 ± 7.15

− 0.78 − 0.28

Height (cm)

169.72 ± 8.18 169.11 ± 7.56 0.61

Age (years)

BMI (kg/m2) 22.56 ± 1.75

23.05 ± 1.61

SD standard deviation, MD mean difference
*Non-significant

0.23

− 0.49 − 0.87

0.18*
0.77*
0.81*
0.38*
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normal posture of the spine and adequately coordinate muscle activity [17]. Impairment in lumbar proprioception with cross-legged sitting posture can be a
viable cause for the development of spine mal-posture
in those individuals.
Second, the finding might be attributed to the impairment of proprioceptive sense, and coordination ability,
athletic activities, daily life, and rehabilitation treatments
resulted from muscle fatigue [18], which results after 30
min of crossed-leg sitting posture [10].
Third, sitting in an unequal position for a long
period of time causes back pain [19]. The lumbar
proprioceptive sense is diminished in people who experience non-specific low back pain [20], and pain inhibition of local muscles like the lumbar multifidus
can cause changes in the muscle recruitment patterns,
affecting the neuromotor system, altering dynamic
spine stabilization, and resulting in repositioning deficiencies, as seen by the low back pain that arose from
sitting cross-legged for a prolonged time can produce
alterations in spinal posture, indicating the possibility
of pelvic pain [15, 21], and Röijezon et al. [6] reported that altered proprioception has been linked to
pain.
Fourth, this finding could be due to a deficit in the
passive component of the stability system of the lumbar spine (spinal column), which occurs after assuming a cross-legged sitting posture that can produce
pelvic posterior rotation, resulting in reduced sacral
inclination [22], and the lateral pelvic tilt revealed significant variations in participants who adapted crosslegged sitting posture, indicating the likelihood of
spinal lateral flexion [21].
The present finding is supported by Tong et al.
[23], who systematically reviewed the lumbar proprioception and low back pain relationship and revealed
that deficit with lumbar proprioception could be mediated by encouraging people to adopt and maintain
bad postures. This is also agreed with O’Sullivan
et al. [15] who conducted their study on thirty participants to determine the effect of lumbar segmental instability on lumbar proprioception in a neutral spinal
position and believed that those who adopt a crosslegged sitting posture have trunk muscle dysfunction
which could lead to a change in the affected muscle’s
normal afferent input.
The finding of this study, however, differs from
the earlier finding of Newcomer et al. [24], who
found no major difference in proprioceptive error
between individuals with low back pain appearing in
cross-legged sitting posture adapters and control
subjects. The researchers identified the measurement of the lower limbs technique was not precise
enough.
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Fig. 1 Mean joint position error of groups A and B

Limitations of the study

The study limitation was the inability of the Biodex System 3 to detect fractions of degrees, influencing the accuracy of measurement.
The study recommends that people who have adapted
to the cross-legged sitting posture should avoid it or at
least reduce the time of assuming it due to its bad side
effects. Studies should be done in the future to assess
the effect of cross-legged sitting posture on proprioception of other joints and the effect of cross-legged sitting
posture on lumbar proprioception in elderly people.

Conclusions
According to the study findings, there is a decrease in
lumbar repositioning accuracy of participants who
adapted to sitting in a cross-legged position for at least
3 h a day for at least 1 year compared with those who
adapted to erect sitting posture, and this effect should be
considered in the avoidance of sitting in a cross-legged
position and in prevention and intervention programs of
lumbar proprioception impairment.
Abbreviation
CLS: Cross-legged sitting
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