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	 Background:	 Abnormal posture can affect the alignment of the cervical spine, which can lead to various physical problems. 
There are many ways to solve the problem by limiting the area around the neck to restore abnormal neck con-
dition. However, there is a need to look at these problems from an enlarged perspective through the relation-
ship between the cervical spine and trunk. This study aimed to investigate the significance of the thickness of 
the transverse abdominis, internal oblique, and external oblique muscles in patients with forward head pos-
ture and reduced cranio-vertebral angle.

	 Material/Methods:	 We included 24 healthy adult males in their 20s without lower back pain. The cranio-vertebral angle (CVA) in 
all the subjects was measured with the help of pictures taken in the sagittal plane using a digital camera. The 
thickness of muscles, including transverse abdominis (TrA), internal oblique (IO), and external oblique (EO), was 
measured using a diagnostic ultrasound device. Pearson’s correlation analysis was used to identify the corre-
lation between the variables measured.

	 Results:	 CVA showed a statistically significant correlation with TrA thickness (r=0.506/p=0.012), and among the abdom-
inal muscles, there was a significant correlation between IO and EO thickness (r=0.663/p=0.000).

	 Conclusions:	 A reduced CVA due to FHP was significantly associated with reduced TrA thickness. Therefore, increasing the 
bulk of the abdominal muscles with restoration of the abnormal CVA is a potential treatment approach and re-
quires further study.
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Background

The constant use of computers in modern society has led to 
posture-related problems. Various effects of postural change 
by forward head posture (FHP) has been reported in many 
studies [1-4]. FHP is described as a posture occurring with an 
extension in the upper cervical vertebrae accompanying flex-
ion in the lower cervical vertebrae [4]. Such an abnormal pos-
ture is increasing worldwide; therefore, there is a need for a 
fundamental treatment method to correct the abnormal pos-
ture. For this, it is important to clearly assess the body chang-
es caused by the abnormal posture [5-7].

Most of the researchers who studied FHP mainly focused on 
the neck angle, such as the cranio-vertebral angle (CVA), or 
changes in the length of muscles around the neck [8-11]. Its 
association with rounded shoulders, an abnormal posture ac-
companied with FHP, has also been studied [12,13]. Studies on 
FHP report that it causes various symptoms such as neck pain, 
headache, jaw pain, and musculoskeletal disorders around the 
neck, and these studies only mention how to correct the ab-
normal neck posture [14-17]. However, we must contemplate 
more essential solutions rather than a direct correction in the 
area with problems.

Researchers who studied from a clinical point of view tend to 
look at the problems localized to the neck conditions such as 
restoration of the neck angle, improvement of neck joint per-
formance, changes in the thickness of the neck muscles, and 
neck pain [2,8-11]. However, we also need a closer look at the 
trunk, which can be affected by neck conditions, to correct ab-
normal postures such as FHP. The vertebral column compris-
es 26 vertebrae that act as a single unit. Accordingly, abnor-
mal conditions of the neck bones affect the upper and lower 
spine, consequently affecting the extent of muscle activation 
of the trunk [18,19]. Therefore, we need to bear in mind that 
FHP may affect postural changes in the trunk or trunk muscle 
activation, turning our attention away from the view that it 
causes changes or problems only around the neck. Further, it 
is necessary to investigate the relationship between the neck 
angle and trunk muscle activation for improvement of abnor-
mal posture [18,19].

Rapid development in technology has allowed research on 
the muscle structure in the human body using noninvasive 
methods such as research using ultrasound imaging [20,21]. 
The reliability of research on the muscle structure using ultra-
sound imaging has already been verified via studies on vari-
ous muscles of the human body [22-24]. Among the studies 
on the muscle structure using ultrasound, some investigated 
trunk muscles, including musculus multifidus, transverse ab-
dominis (TrA), external oblique (EO), and internal oblique (IO), 
to determine the clinical manifestations such as lower back 

pain [24,25]. Clinical research on muscles is mostly conduct-
ed using measurements of muscular power and size. In gen-
eral, the size of the muscles is measured in the cross-section-
al area or thickness, which is associated with the maximum 
force of muscle contraction [26]. Therefore, changes in the 
muscle thickness represent muscle conditions that are weak-
ened or strengthened [27]. Ultrasound imaging is a nonin-
vasive diagnostic method that effectively observes changes 
in muscle conditions by monitoring changes in muscle thick-
ness [28]. Since postural changes caused by CVA can affect 
the state of the trunk, the abdominal muscle thickness mea-
sured by ultrasound image may be able to confirm the corre-
lation with CVA. If their relationship could be confirmed, that 
information may be used as a basis for the assessment of ab-
normal posture [18,19,27,28].

The conditions of trunk muscles, commonly known as the core 
muscles, can be affected by abnormal postural changes such as 
FHP. However, there are few studies on the correlation between 
such abnormal neck conditions and trunk muscles. Therefore, 
this study aimed to investigate the significance of the thick-
ness of the transverse abdominis, internal oblique, and exter-
nal oblique muscles with FHP and reduced CVA.

Material and Methods

Study Subjects

A total of 24 healthy adult men in their 20s without lower 
back pain were recruited in Daegu, South Korea. Individuals 
with the following experiences were excluded from the study: 
those who had been suffering from lower back pain beginning 
6 months before the study or who received treatment for lower 
back pain, those who underwent abdominal or spinal surgery, 
those with a neurological or cognitive disorder, those with sur-
gery or trauma in the trunk, or those who received treatment 
such as lower back stabilization exercises within the last 3 
months. All subjects were informed about the study objective, 
experimental methods, contents, and procedures. Those who 
agreed to participate were selected. The study was approved 
by the Bioethics Committee (YNC IRB/201904-01).

Measurement of the Cranio-vertebral Angle

A digital camera (Canon 650D, Canon, Japan) was set to a 
fixed stand for the measurement of CVA, and a photo of the 
side of the subject was taken from 1 m distance. For the ex-
act measurement of CVA, a plumb line hung from the ceiling 
descended right next to the subject to draw a horizontal line. 
The subject was instructed to sit comfortably with both arms 
relaxed at the sides of the trunk and to maintain the natural 
head posture. CVA was defined as the angle between the line 
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from the spinous process of the seventh cervical vertebra to 
the ear tragus and a horizontal line (Figure 1). The smaller the 
CV angle, the larger the flexion of the lower cervical spine [29].

Ultrasound Measurements

Diagnostic ultrasound imaging (MicrUs EXT-1H [TELEMED, 
Italy]) was used to measure the muscles thickness of TrA, IO, 
and EO in the brightness mode. All participants were right-
handed and all measurements were made on the right abdo-
men. For imaging, the participant was lying in a comfortable 
position with knees bent and the hips at 45°. The ultrasound 
head was moved along the middle line between the sacral crest 
and the inferior angle of the thoracic cage aligning transverse-
ly to the anterolateral abdominal wall to measure abdominal 
muscle thickness. The ultrasound head was at a right angle to 
the anterolateral abdominal muscle when the participant was 
relaxed, and the inner edge of the head was set at almost 2 
cm from the inner edge of the TrA on ultrasound images [30]. 
The measured muscle thickness was divided by the partici-
pant’s weight to normalize muscle thickness. Ultrasound im-
ages were stored and measured using Echo wave II program 
and Image J software 1.36b.

Statistical Analysis

SPSS 22.0 (IBM, Chicago, IL, USA) was used for all statistical 
analyses. Shapiro-Wilk’s test was used for normality tests of all 
variables. Pearson’s correlation analysis was used to identify 

the correlation among the variables. The level of statistical sig-
nificance was set to 0.05

Results

A total of 24 subjects participated in the study, and the gener-
al characteristics such as age, height, and weight of the sub-
jects are shown in Table 1 along with the average and stan-
dard deviation for CVA, TrA, IO, and EO. The results from the 

Figure 1. �Ultrasound image of external oblique (EO), internal oblique (IO), and transverse abdominis (TrA). (1) EO, (2) IO, (3) TrA.

Total participants (n=24)

Age (year) 23.17±2.44

Weight (kg) 71.87±9.65

Height (cm) 174.33±5.16

Cranio-vertebral angle (°) 57.58±5.09

Thickness of transverse 
abdominis (cm)

0.33±0.48

Thickness of internal oblique 
(cm)

0.85±0.21

Thickness of external oblique 
(cm)

0.77±0.15

Table 1. �Means±SDs of general characteristics and cranio-
vertebral angle, transverse abdominis, internal oblique, 
and external oblique of subjects.
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correlation analyses of these variables are summarized in 
Table 2. CVA showed a statistically significant correlation with 
TrA thickness among the abdominal muscles (r=0.506/p=0.012), 
and thickness IO and EO showed a significant correlation with 
each other among those muscles (r=0.663/p=0.000; Table 2).

Discussion

We investigated the relationship between the cranio-vertebral 
angle and trunk muscle thickness using ultrasound imaging. 
CVA showed a statistically significant correlation with TrA. This 
means that the larger the CV angle, the larger the TrA muscle 
thickness. Further, IO and EO thickness showed a significant 
correlation, indicating that when a muscle is thick between 2 
muscles, the other muscle is also thick.

The mean CVA of the participants was 57.58±5.09°. There are 
some studies on CVA, but they rarely defined a clear normal 
range [9,29,31,32]. There were a few studies that indicated the 
range of the angles according to neck pain or the difference in 
the severity of FHP [31-33]. Within the range of CVA generally 
measured, the smaller angle caused deterioration in the con-
dition of FHP or neck pain. Lee et al reported that people with 
slight FHP had a mean angle of 59.02±3.09° and with moder-
ate-severe FHP the mean angle was 57.51±4.82° [34]. Cheung 
et al reported that people with pain and without pain had 
mean CVAs of 43.94±3.61° and 50.58±2.09°, respectively [32]. 
In contrast, a study of adolescents reported no significant dif-
ference between the CVA in those without (48.38±4.79°) and 
with (48.63±5.5°) pain [33]. People who work in a sitting po-
sition for a long time or have a long-term sedentary lifestyle 
have a small angle of CVA [35-37].

Only TrA showed a statistically significant correlation with CVA 
among abdominal muscles and a moderate level of correlation 
(r=0.506). This means that a larger CVA indicates a thicker TrA, 
and a smaller CVA indicates a thinner TrA. The superficial ab-
dominal muscles such as IO, EO, and rectus abdominis usual-
ly create movements such as flexion, lateral flexion, and rota-
tion; TrA contraction increases the tension of the thoracolumbar 

fascia and intra-abdominal pressure, which can help to reduce 
the abdominal circumference [38]. Modern people with sed-
entary work have incorrect posture and have decreased mus-
cular activity of the TrA and multifidus due to low physical ac-
tivity [39]. Many studies have already shown that prolonged 
sitting causes postural imbalance such as FHP [35-37]. It can 
be inferred that people with weakened TrA activity due to pro-
longed sitting can have a postural imbalance with smaller CVA.

TrA plays an important role in supporting the posture rath-
er than making movements, and the muscle activity increas-
es when adjusting posture after losing balance [40]. In con-
trast, IO and EO muscles are the prime movers rotating the 
trunk around the vertical axis. Particularly when the trunk ro-
tates, the movement arises from actions of the contralateral 
EO and ipsilateral IO. Therefore, these 2 muscles that are acti-
vated together on many occasions can be considered to have 
a close relationship with each other [41]. This supports the re-
sults of the present study that showed a significant correla-
tion between IO and EO muscles (r=0.663).

However, IO and EO showed no particular correlation with CVA. 
Changes in CVA are the postural changes occurring in the sag-
ittal plane, as observed in the measurement methods [32]. This 
could be one of the reasons why CVA did not show a large cor-
relation with IO and EO muscles, which rotate the trunk in a 
horizontal plane around the vertical axis. In addition, IO and 
EO muscles tend to act in “situations when more challenging 
posture adjustments are needed” such as the presence of ill-
ness with difficult anticipatory control or when sitting on un-
stable surfaces [42,43]. This is in contrast to the result that 
showed the correlation between CVA and TrA, which plays an 
important role in “consistent adjustments of posture.” IO and 
EO muscles tend to mainly act when the movements of the 
trunk occur, such as rotation and flexion of the trunk. However, 
TrA acts at all times to maintain compression for viscera and 
stability of the trunk when movements of the extremities and 
the trunk occur [40]. There are reports that prolonged sitting 
posture, which causes a decrease in CVA, can reduce the ac-
tivity of the TrA or multifidus muscles [35-37]. However, it is 
difficult to clearly explain the relationship between CVA and 

CVA TrA IO EO

r p-Value r p-Value r p-Value r p-Value

CVA 1

TrA 0.506 0.012* 1

IO 0.157 0.463 0.176 0.410 1

EO 0.032 0.881 0.247 0.244 0.663 0.000** 1

Table 2. Correlation between cranio-vertebral angle, transverse abdominis, internal oblique, external oblique of subjects.

CVA – cranio-vertebral angle; TrA – transverse abdominis; IO – internal oblique; EO – external oblique. * p<0.05, ** p<0.01.
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IO and EO muscles because insufficient reports, and further 
research on this topic is warranted.

Our study has a few of limitations. We could not obtain data 
on thoracic and lumbar angle according to the change of cer-
vical angle, and our sample size was somewhat small, so it is 
difficult to generalize our results.

Conclusions

The results of this study reveal a significant correlation be-
tween a decrease in CVA due to postural imbalance and a de-
crease in TrA muscle thickness among the abdominal muscles. 
The study findings showed that a reduced CVA due to FHP was 
significantly associated with reduced TrA muscle thickness. 
Therefore, increasing the bulk of the abdominal muscles with 
correction of the abnormal CVA is a potential treatment ap-
proach and requires further study.
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