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SUMMARY

Background. Office workers often have musculoskeletal disorders (MSDs) such as
back pain, neck pain, and shoulder pain. Muscular imbalance is a risk factor associ-
ated with MSDs. Lower crossed syndrome (LCS) is also referred to as muscle imbal-
ance of the lower extremity and caused by tightness and weakness of muscles in the
lumbopelvic area, which affects the normal movement patterns of sitting position. It
leads to low back pain and might affect upper body posture differently. This research
investigated the effects of lower crossed syndrome on a craniovertebral angle, sagittal
shoulder angle, and trunk flexion angle during sitting in female office workers.
Methods. Forty-eight office workers (healthy:18, LCS type A:18, LCS type B:18) who
work in computer use for at least 4 hours/day, office work experience at least five years
DOI: were recruited. Testing posture was a sitting at computer workstation that adjust to
10.32098/mltj.04.2022.19 each participant. One picture was taken from the lateral view during sitting. One-way
ANOVA and post-hoc Turkey test were used to analyze the data.

Results. The people with lower crossed syndrome type B have less craniovertebral
angles, sagittal shoulder angles, and trunk flexion angle than healthy people and
people with lower crossed syndrome type A significantly during sitting.

Conclusions. Different types of the lower crossed syndrome affect upper body posture
during sitting position differently. The muscle imbalance contributes bad posture
which may lead to MSDs.
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INTRODUCTION

Office workers are usually required to sit for long hours
working on a computer while spending most of their time
in a sitting position (1-3). Occupational group often have

of working hours per day, and working postures especially
sitting posture (8, 9). In sitting posture, there is an alteration
occurred at hip joint, lumbar, thoracic and cervical spine as
well as muscle adaptation (10).

health problems associated with musculoskeletal disorders
(MSDs) such as back pain, neck pain, shoulder pain, and
upper limb pain are common in office workers (4-6). The
potential factors of MSDs are gender, age (7, 8), number

Another potential risk factor for MSDs is muscle imbalance
(11, 12). Based on Janda’s conceptual knowledge it has been
reported that key components of muscle imbalance include
muscle tightness and weakness. In 1987, Janda (13) had iden-
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tified the lower crossed syndrome (LCS) is also referred to as
pelvic crossed syndrome (PXS) (14). There are two subtypes
of LCS including type A and B. Muscle imbalance in LCS
type A (posterior pelvic crossed syndrome - PPXS) occurs
due to the tightness of the hip flexors and low back exten-
sors muscle combined with the weakness of the abdominal
wall and gluteal muscles, which lead to excessive anterior
pelvic tilt and increased lumbar lordosis. In contrast, muscle
imbalance in LCS type B (anterior pelvic crossed syndrome
- APXS) occurs due to the tightness of the hip extensors
(hamstrings and piriformis) and upper abdominal muscle
combined with the weakness of lower abdominals, deep
hip flexors, and low back extensors, which lead to increased
posterior rotation of the pelvis and decreased lumbar lordo-
sis (15). Previous studies have shown that LCS is caused by
tightness and weakness of muscles in the lumbo-pelvic area.
The rotation of the pelvis causes an increased or decreased
curve of the lumbar spine and related with the low back pain
(LBP) (16). Nadler ez al. (17) found hip extensor strength
imbalance is associated with the occurrence of LBP in female
athletes. Arab et al. (12) has reported that muscle imbalance
of hip extensor weakness and back extensor tightness could
increase the risk of LBP. Also, hip extensors strength has a
correlation with back extensors length in people with LBP.
Ruas and Viera (11) found muscle strength imbalances and/
or flexibility of hips, spine, and trunk. Especially, the lumbo-
pelvic-hip complex results in a decrease in the ability to
control body balance and postural stability in people with
LBP (18). Lumbo-pelvic complex coordination in a sitting
position and the risk of low back pain have been described.
According to a recent review, LCS affects the normal move-
ment patterns of the lumbo-pelvic that affect the center of
the body while sitting (19). Changes in the pelvis are asso-
ciated with the lumbo-pelvic complex function, resulting in
changing of posture and movement of the body (14, 15). It
might lead to abnormalities in the upper body, due to the
lumbopelvic-hip structure is a direct connection between
both lower extremities and the upper extremities of the body
(20). There is no study to reveal the effect of the different
types of LCS on upper body posture during sitting position.
Thus, the objective of this study was to investigate the effects
of lower cross syndrome on craniovertebral angle, sagit-
tal shoulder angle and trunk flexion angle during sitting in
female office workers.

MATERIALS AND METHODS

Participants

Convenience office workers in the university in Bangkok
and metropolitans were invited into the study. An invita-
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tion letter with information sheets were sent to the office
workers, and a consent form was signed before starting
the study. Inclusion criteria includes female office work-
ers aged between 30-45 years, worked in a computer use
at least 4 hours/day (21), office work experience at least
five years (22), had been examined and diagnosed by an
ophthalmologist to see if the sight is normal or if their
eyeglasses are appropriate for their eyesight, a body mass
index (BMI) between 18.0-29.9 kg/m?, and right-hand
dominant were recruited. Those who had neurological
disorders, pregnancy, or history of the spine, hip, or lower
limb surgery or musculoskeletal problem in one month
previously were excluded. All participants were evaluated
by an expert physical therapist, who has 10 experiences
in MSD filed. The general information was gathered and
physical examination were performed on the following
measurements: 1) standing posture assessment in frontal
and lateral view, 2) muscle length testing (iliopsoas length
was assessed by using the Thomas test (23), rectus femo-
ris length was assessed using the modified Thomas test
(24), hamstrings length was assessed using the straight leg
raise (SLR) (25), thoracolumbar and lumbar extensors
muscle were assessed using an inclinometer (26)), and
3) muscle power testing gluteus maximus, gluteus medi-
us (27), abdominal muscle, hip flexors muscle and back
extensors muscle using a wireless muscle tester (Echo
wireless muscle tester, Jtech, USA) (28). Participants were
divided into three groups: healthy group (n = 18), LCS
type A (n = 18), and LCS type B (n = 18). The LCS type
A, participants were classified if they had the tightness of
the iliopsoas, rectus femoris, and thoracolumbar exten-
sors muscles, combined with the weakness of the gluteus
medius and maximus, and abdominal muscles. While the
LCS type B, participants were classified if they had the
tightness of the hamstrings, combined with the weakness
of the abdominal muscle, hip flexors, and back extensors
muscles (15).

Instrumentation (2-D motion analysis)

The upper body postures

Head postures (head tilt and craniovertebral angle), shoul-
der posture (sagittal shoulder angle) and trunk posture
(trunk flexion angle) of each participant was videotaped
by using a single video camera during a performed task in
sitting postures. Six reflective markers were placed on the
external canthus of eye, the tragus of ear, the acromion,
the spinous process of the seventh cervical vertebra (C7),
the spinous process of the first lumbar vertebra (L1), and
the midpoint of the greater trochanter (G.T.). All mark-
ers were attached on the right side of each participant’s
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bodies by using double-sided tape (29-32). Images were
obtained at a sampling rate of 30 Hz for digitalization.
The camera was placed in the horizontal level 2 meters
from the participants and fixed on a tripod to reduce
expected lens errors and minimize parallax errors. The
center of the lens was set at the participant’s spinous
process of the C7.

Experimental procedure

Participants were seated on a chair without backrest that
can adjust the height. The seat position was set at partici-
pants’ flexed hips and knees joint at 90 degrees whilst both
feet were fully contacted on the floor. One picture of this
posture was taken from the lateral view.

The head tilt angle was defined as the relative angle formed
by the horizontal line drawn through the right tragus of
ear marker and the line joining the right tragus of ear with
the external canthus of eye markers (32). The cranioverte-
bral angle was defined as the relative angle formed by the
horizontal line drawn through the C7 marker and the line
joining the C7 with the right tragus of the ear markers (29,
32). The sagittal shoulder angle was defined as the relative
angle formed by the horizontal line and the line joining the
C7 and the right acromion markers (31). The trunk flex-
ion angle was defined as the relative angle between 2 lines
extending from the right acromion to the 1.1 markers and
the L1 to the right GT markers (30) (figure 1).

Figure 1. The postural angles.

(a) Head tilt angle; (b) Craniovertebral angle; (¢) Sagittal shoulder angle;
(d) Trunk flexion angle.
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Statistical analysis

Participant characteristics were presented by descriptive
statistic. Head tilt angle and craniovertebral angle, sagit-
tal shoulder angle and trunk flexion angle were tested
for normal distribution. If data were normal distribut-
ed, the one-way analysis of variance (ANOVA) was used
to compare differences between groups. If data were not
normal distributed, the Kruskal-Wallis one-way analysis
of variance (ANOVA) was used to compare differences
between groups. Post-hoc analysis was performed with the
Turkey test. The level of significance was set at 0.05 for all
statistical analyses.

Ethics statement

This research was approved by the Kasetsart University
Human Research Ethics committee (KUREC-HS63/013 —
Date of approval: August 31, 2020).

RESULTS

Characteristics of participants

The information about general characteristics, including
age, weight, height, body mass index, working year and
computer use time/day, as shown in table I.

Upper body postures

Head postures (craniovertebral and head tilt angle)
When compared among 3 groups (figure 2), there were no
significant differences in head tilt angle among the three
groups. But the craniovertebral angle in the LCS type B
group significantly decreased compared with a healthy
group (p < 0.05).

Table I. General characteristics of participants (n = 54).

Characteristic ~ Healthy LCS type LCS type B

mean (SD) mean (SD) mean (SD)
Age (years) 3759 (4.15)  37.75 (4.30) 38.02 (3.74)
Weight (kg) 54.67 (9.27) 55.22 (8.95) 55.72 (9.51)

Height (cm) 15850 (3.11) 15839 (4.17)  160.94 (6.13)

BMI (kg/m?)  21.74 (3.49)  21.99 (3.35) 21.45 (3.05)
Working 9.82 (4.72) 9.98 (4.28) 10.05 (4.65)
year (years)
Computer use  6.67 (0.84) 6.42 (0.84) 6.39 (0.61)
time/day (h)
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Figure 2. Comparison of craniovertebral and head tilt angles between groups.

*p <0.05.

Shoulder posture (sagittal shoulder angle) and trunk
posture (trunk flexion angle)

When compared among 3 groups (figure 3), the sagit-
tal shoulder angle in the LCS type B group significant-
ly decreased more than healthy and LCS type A group (p
< 0.05, p < 0.01, respectively). While the trunk flexion
angle in the LCS type B group significantly decreased more
than LCS type A and healthy group (p < 0.01, p < 0.05,
respectively).

DISCUSSION

In this study, found that people with the LCS type B had
significant differences of upper body postures while sitting
compared with healthy and those with the LCS type A, in
the craniovertebral angle, sagittal shoulder angle, and trunk
flexion. People with lower LCS type B showed a significant
reduction of craniovertebral angles and sagittal shoulder

angles compared with healthy group, and people with LCS
type A. This might be due to a tightness of the hamstrings
muscles among people with LCS type B causes the pelvis
to shift anteriorly with posterior tilt resulting in decreased
lumbar lordosis and causing thoracic spine compensation,
by increasing kyphosis curve (16). Additionally, the reduc-
tion in lumbar lordosis was associated with increasing lordot-
ic curve of cervical spine (33). Caneiro ez al. (34) reported
that slump sitting produced changing curve of the thorac-
ic and cervical spines, was associated with forward head
which upper cervical spines showed an increased extension
angle and lower cervical spines showed a decreased exten-
sion angle. Some studies showed the association between
head position and shoulder posture (29, 33, 35-37). Hadda-
di et al. (38) also reported that a slump sitting position may
be associated with reduced extensor muscle endurance in
nonspecific chronic low back pain (38) so interestingly, the
future study needs to investigate the effect of the LCS type
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Figure 3. Comparison of sagittal shoulder and trunk flexion angles between groups.

p < 0.05;* p < 0.01
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B with nonspecific chronic low back pain on upper body
postures while sitting.

For trunk flexion angle, this study found that people with the
LCS type B had less trunk flexion angle than healthy people
and those with LCS type A significantly, possibly due to
tightness of the upper abdominal muscles, as well as great-
er stretching of back extensor muscles results in kyphosis of
thoracic spine and a decrease in lumbar lordosis, so, people
with the LCS type B had bending posture more than healthy
groups and people with LCS type A (14, 15). According to
Singla and Veqar (39) found that the thoracic spine increased
kyphosis due to the tightness of the anterior longitudinal
ligaments and upper abdominal muscles, while the exten-
sor muscles and posterior ligaments of the dorsal spine were
stretched. Caneiro et al. (34) showed that increased thoracic
flexion results in an anterior translation of the head and neck
flexion, which Janda (13) said that people with LCS type B
use muscles to compensate movements in a thoracic kyphosis
and head forward (14). Forward head posture (FHP) is one of
the most prevalent abnormal postures and linked with many
musculoskeletal dysfunction such as shoulder pain, neck pain.
The previous study revealed that thickness change of Longus
colli (LCo) muscle between resting and contraction state was
significantly smaller in women with forward head posture
compared with control group which this muscle is import-
ant in controlling cervical lordosis and maintaining normal
posture of the cervical spine (40). Furthermore, Singla and
Veqar (39) reported that thoracic kyphosis increased result-
ing in decreased movement of glenohumeral joints.
Accordingly, the theory and principle of biomechanical of
lumbar spine and pelvic rhythm, since the pelvic floor is
structured next to the sacrum and the upper of sacrum bone
attached to the lumbar spine and the lower part is attached
to coccyx bone, which likes chain. So, if the posture of sitting
changes, it affects the movement of the pelvis and lumbar
spine, chest and neck. When the pelvis rotates to the back,
either in a standing position or sitting. The tip of the coccyx
moves downwards and comes in front. The center of grav-
ity falls above or behind the position of ischial tuberos-
ity on both sides result in the back to be flattened or the
lumbar spine more bent. The thoracic and cervical spines
form compensatory movements so that the balanced body
can stabilize in a standing or sitting position by increasing
the arc of the thoracic and lower cervical spines. Notice from
both shoulders wrapped to the front. The extensor muscles
of neck are more contracted, the upper cervical spine is more
concave to maintain balance, causing the head to protrude
out front (41, 42). Thus, if the joints or muscles of the lower
part are abnormal, they may also affect the movement of the
upper part as well. This study used tightness of muscles and
muscle strength tests to identify imbalances, in which people
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with LCS type B had short contractions of hip extensors
muscles and upper abdominal muscles. In combination with
the weakness of the lower abdominal muscles, the deep hip
flexors muscles and the back extensors muscles, which may
cause the participates to not properly control their sitting
position. In contrast, good sitting posture produces center
gravity on ischial tuberosity on both sides and the lumbar
spine has a normal lordotic curve (10).

However, this study has some limitations. First, it did not
evaluate muscle activation while sitting using electromyog-
raphy (EMG), so it was not possible to clearly determine the
alteration of muscle activity during sitting. Second, partic-
ipants were seated on a chair without backrest which it is
not type of chair that they use normally. In the office also
has different types of chairs and tables for working. Third,
this study investigated in only female office workers. Third,
the participants were not interviewed the muscle pain or
discomfort feeling during the test with sitting posture. In
the future, there still need study more in this area, which
may be useful for the prevention and treatment of abnor-
malities caused by sitting posture.

CONCLUSIONS

Different types of the lower crossed syndrome (LCS) affect
upper body posture during sitting position differently. The
muscle imbalance contributes bad posture in the sitting
position. It might lead to musculoskeletal disorders. So, the
office workers should promote their muscle balance. It may
assist with good posture.
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