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a b s t r a c t

Background: As one of the most common work-related musculoskeletal disorders and postural de-
viations, forward head posture (FHP), is considered to lead to muscle imbalance.
Objectives: The aim of this study is to investigate the bilateral cross-sectional area (CSA) of the deep neck
flexor muscles at rest and during five stages of the craniocervical flexion (CCF) test in individuals with
FHP and the controls with normal head posture.
Methods: Eighteen students with FHP and 18 controls with normal head posture, all females aged 18e35
years, participated in this study. Participants were categorized into two groups based on their cranio-
vertebral angle. The CSA of the deep neck flexors was measured using ultrasonography while participants
lay supine on the table with a pressure biofeedback unit placed under their necks in order to let the
examiner measure the CSA of the muscles during rest and five stages of the CCF test including 22, 24, 26,
28, and 30 mmHg of the pressure biofeedback unit.
Results: A significant effect of contraction level was observed in both groups, indicating significant in-
creases of the CSA of the deep neck flexors during contraction (F ¼ 64.37, P < 0.001). No significant
difference was evident for the CSA of the deep neck flexors between the groups, although the increase in
the CSA of the deep neck flexors was up to 28 mmHg in the normal head posture group compared to
26 mmHg in the FHP group.
Conclusions: The results of the present study showed no significant difference between the performance
of the deep neck flexors during the CCF test in FHP and normal head posture individuals, which challenge
the common belief of the deep neck flexors weakness in individuals sustaining FHP.

© 2017 Elsevier Ltd. All rights reserved.
1. Introduction

Forward head posture (FHP) is currently one of the most prev-
alent forms of work-related musculoskeletal problems, most likely
because of extended computer use (Kang et al., 2012). It is defined
as the conditionwhen the head is placed anterior to the plumb line
passing the ankle joint anteriorly in a standing position (Peterson-
Kendall et al., 2005). In this position, hyperextension is seen in the
upper vertebrae of the neck and a smoothing arc is observed in the
lower vertebrae of the neck. It is assumed that FHP makes changes
to the strength and length of the neck muscles and likely shortens
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@uswr.ac.ir (L. Rahnama).
the posterior muscles of the neck while lengthening and weak-
ening the anterior neck muscles (Nam et al., 2013); this shortening
and elongation can cause a decline in the ability of the muscle to
produce tension (Levangie and Norkin, 2011).Goodarzi et al. re-
ported altered function of posterior neck muscles during isometric
contraction of the head and neck in individuals suffering from FHP
compared with healthy controls (Goodarzi et al., 2015).

The deep neck flexor (DNF) muscles are among those muscles
that could be affected by FHP. The DNF muscles, which include the
longus colli and longus capitis, play an important role in stabilizing
the neck vertebra and decreasing neck lordosis while neck move-
ment (Falla, 2004; Javanshir et al., 2011a; Jull et al., 2008). Panjabi
et al. estimated that the neck vertebrae provide 80% of the me-
chanical stability, and the skeletal ligament system provides only
20% (Panjabi et al., 1998). It is believed that postural disorders, such
as decreasing or increasing cervical lordosis, cause an undesirable
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Fig. 1. Cranio-vertebral angle measurement method.
A: tragus of ear, B: spinous process of C7.
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mechanical condition for DNF muscles performance (Afhami et al.,
2012).

In the presence of FHP, shortening of the dorsal neck muscles
and elongation of the ventral neck muscles is assumed
(Khayatzadeh et al., 2017; Silva et al., 2009). Besides, from a me-
chanical viewpoint, extending a muscle further than its optimized
length alters the length-tension curve and consequently declines
the force production capacity of that muscle (Levangie and Norkin,
2011). Accordingly, FHP individuals are expected to have altered
activity and strength in the DNF muscles. However, to our knowl-
edge, no previous studies have investigated DNF function in FHP
individuals.

The craniocervical flexion (CCF) test is a clinical test used for
investigating DNF function (Javanshir et al., 2011a; Jesus et al.,
2008), and ultrasonography is an effective non-aggressive, low
cost, and repeatable method of evaluating the dimensions of a
muscle as a scale of its performance (Stokes et al., 2007). Ultra-
sound is also a suitable instrument for objectively measuring the
atrophy and hypertrophy of muscles (Rezasoltani et al., 2012;
Stokes et al., 2007).

This study investigates the bilateral cross-sectional area (CSA) of
deep neck flexors (DNFs) at rest and during five stages of the CCF
test and compares the bilateral CSA of these muscles between in-
dividuals with FHP and normal head posture. We hypothesize that
the CSAs of DNFs at rest and during the five stages of the CCF test
are significantly different in both groups. In addition, we predict
that significant differences are evident between the CSAs of the two
groups' DNFs at rest and during the CCF test.

2. Methods

2.1. Participants

This study examined 18 female students with FHP and 18 female
students with normal head posture aged 18e35 years who were
recruited from the Rehabilitation School. The participants'
recruitment was through an announcement in the University of
Social Welfare and Rehabilitation Sciences. The majority of the
students calling the announcement back were females. Therefore,
to eliminate any heterogeneity in the two groups only female vol-
unteers were included. In order to determine the study sample size
beta was set at 0.20.

The exclusion criteria for this study include a bodymass index of
more than 25, sustained neck pain for the past twelvemonths (Nam
et al., 2013), fibromyalgia (Javanshir et al., 2011a, 2011b), vertigo
and vestibular disorders, radiculopathy, myelopathy and severe
osteoarthritis in the neck area (Javanshir et al., 2011a), rheumatoid
arthritis (Nam et al., 2013), congenital spinal disorders (Silva et al.,
2009), trauma or whiplash damage to the neck (Javanshir et al.,
2011a), positive history of fracture or malignant mass in neck
area (Nejati et al., 2014; Rezasoltani et al., 2010), neck pain arising
from malignancy and inflammatory diseases (Javanshir et al.,
2011b).

Group allocation was performed based on the participants'
craniovertebral angles. Individuals with a craniovertebral angle
lower than 49� were placed in the FHP group, while those with a
craniovertebral angle greater than 50� were allocated to the normal
head posture group (Salahzadeh et al., 2013). All participants pro-
vided their written informed consent. The present study was
approved by the Ethics Committee of the University of Social
Welfare and Rehabilitation Sciences.

2.2. Postural assessment

To measure the craniovertebral angle, the angle between the
line passing through the midpoint of the tragus of the ear and a
horizontal line drawn from the spinous process of the seventh
vertebra (Fig. 1) was determined. First, the spinous process of the
seventh cervical vertebra, which has the most prominent spinous
process among the neck vertebra, is recognized by palpation and
marked while the participants are bending their neck by moving
their head up and down (Salahzadeh et al., 2013). The participants
were then asked to stand in a relaxed and comfortable posture
(Salahzadeh et al., 2013) while a digital imaging techniquewas used
to take an offline measurement of the craniovertebral angle. The
camera was fixed at a distance of 1.5 m on a base, and the height of
the camera was level with the participant's shoulders. The images
provided a lateral view of the participants. The craniovertebral
angle was measured in the resulting images using Auto Cad soft-
ware (version 21) (Salahzadeh et al., 2013).

2.3. Craniocervical flexion test

The participant laid in a supine position and a towel was placed
under the head to achieve a neutral neck position and to prevent
extension of the head and neck while placing a pressure biofeed-
back bag under the neck.

The pressure biofeedback unit was pumped slowly several times
until it filled the nape of participant's neck, thus keeping the neck in
its neutral state. All participants were initially thought to perform
craniocervical flexion task (nodding) without flexing the lower
cervical vertebra and lifting the head. The baseline pressure was
regulated at 20 mmHg and identified as the resting state. In the
next step, the participants were asked to perform the flexion of
their cranicervical area until the pressure biofeedback showed
22 mmHg.

The participants were supposed to hold the contraction at the
22-mmHg level for 10 s before moving onto the next level of
pressure. The pressure was increased up to 30 mmHg. Each pres-
sure level was repeated three times with 30 s' rest between each
level. In each stage of this test (20, 22, 24, 26, 28, and 30mmHg), the
CSA of the DNF muscles was measured. The average mean of the
three CSAs at each pressure level was considered the DNFs' CSA for
that pressure (Jull et al., 2008; Wing Chiu et al., 2005).

2.4. Ultrasound imaging

Real-time imaging of the DNF muscles was performed using an
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ultrasonography set (Ultrasonix ES-500, Canada) with a 4.5 cm
linear probe and 12 MHz frequency, at the state of rest and during
the five stages of the CCF test.

Imaging was performed at the level of the thyroid cartilage
center, which is identical to the C5eC6 vertebral level. The center of
the ultrasound probe was placed on the thyroid cartilage center
perpendicular to the neck axis and turned about 1 cm laterally to
conduct the DNF imaging (Fig. 2). The CSA of the DNFs was
measured as the area surrounded by their fascia (Cagnie et al.,
2009; Javanshir et al., 2011a). To omit the effects of the partici-
pant's weight, the calculated CSA was divided by their weight. The
normalized CSAs were used for further analysis (Rankin et al.,
2005).

2.5. Reliability study

A reliability study was performed to investigate the repeat-
ability of the measurements by the examiner on six participants in
each group twice, 3e5 days apart.

2.6. Statistical analysis

The KolmogoroveSmirnov test was used to investigate the
normal distribution of the variables, and t-tests were conducted to
investigate the possible differences in the demographic character-
istics between the two groups.

Repeated measures ANOVA was used to investigate the main
and interaction effects of posture (two levels of normal head
posture and FHP), pressure (six levels including 20, 22, 24, 26, 28,
and 30 mmHg) and side (right and left) on the CSA muscles.
Intraclass correlation coefficients (ICC) and standard error of
measurements (SEM) were calculated to investigate the level of
repeatability. SPSS software (Version 16, Michigan, USA) was used
for the data analysis. The level of significance was set at 0.05.

3. Results

The results of the KolmogoroveSmirnov test showed normal
distribution of all variables including the CSA of deep neck flexors,
weight, height and age in two groups (p> .05) except for the
Fig. 2. Ultrasound image of deep neck flexor muscles their cross-sectional area
measurement.
craniovertebral angle which the distribution was not normal. The
results of the t-test showed no significant difference in the de-
mographic variables of the normal head posture and FHP partici-
pants (p˃.05), except for the craniovertebral angle (p ¼ 0.02). The
demographic characteristics of the participants in each group are
shown in Table 1. Table 2 demonstrates the mean CSAs of the DNFs
at different pressure levels in the CCF test for the two groups.

The results of the repeated measures ANOVA revealed a signif-
icantmain effect of pressure on the CSA of the DNFs; as the pressure
levels increased from 20 to 30 mmHg, the CSA increased in the
DNFs of both groups (F ¼ 64.37, p< .001). However, this increase
was more dramatic in the initial stages of the test than in the final
stages (Fig. 3). Bonferroni correction revealed that this increase was
significant up to the pressures of 28 and 26 mmHg in the normal
head posture and FHP groups, respectively. However, the same
trend of increase caused by augmenting pressure was observed in
the CSAs of the DNFs in all individuals with FHP and normal head
posture (F ¼ 0.99, p> .05). Furthermore, the main effect of the side
on the CSA of the DNFs was not significant, thus indicating sym-
metry between themuscles on the right and left sides of the neck in
both groups (F ¼ 0.09, p> .05). No significant interaction effects of
factors were found for the CSA of the DNFs.

The results of the reliability tests showed highly reliable (Rosner,
2011) measurements for the CSA of the DNFs, with ICC ¼ 79 and
SEM ¼ 0.02 for the FHP participants and ICC ¼ 95 and SEM ¼ 0.02
for the normal head posture individuals.

4. Discussion

To our knowledge, this study is the first to evaluate the effects of
FHP on DNF ultrasonographic morphology while performing the
CCF test. The results of this study show that, by increasing the
pressure during the CCF test, the CSAs of the DNFs increased in all
stages of the test in both groups. This increase is interpreted as an
increase in activity of the DNFs during the test because themuscle's
CSA relates to its activity (Falla et al., 2003).

Falla et al. investigated the activity of DNFs during the CCF test in
healthy individuals. The researchers placed surface electromyog-
raphy electrodes on the posterior oropharyngeal wall to evaluate
DNF activity. The results showed a linear increase in DNF activity
during all test stages from 22 to 30 mmHg, which supports the
results of the present study (Falla et al., 2003).

Cagnie et al. investigated the CSA of the longus colli in rest and
contraction states in 27 healthy individuals. The results showed
that the CSA of the muscle in a contraction state showed a
considerable increase compared to the resting state, which our
findings support (Cagnie et al., 2009).

Fabiana et al. investigated the thicknesses of the DNFs and
sternocleidomastoid in healthy controls during the five stages of the
CCF test. They reported an increase in the thickness of the DNF
muscles accompanied by increase in SCM thickness by augmenting
each stage of the CCF test. These thickness increases in the three
final stages of the test were more prominent in the SCM than in the
DNFs (Jesus et al., 2008). However, the increase in thickness of the
DNFs was steeper in first three stages. These findings are similar to
our findings, which demonstrated a steeper increase in the CSAs of
the DNFs until reaching pressures of 28 and 26 mmHg in partici-
pants with normal head posture and FHP, respectively. The plateau
in the final stages of the CCF test were likely caused by high density
of the tonic fibers in DNFs (Boyd-Clark et al., 2001). Therefore, as
with the tonic muscle such as the cervical multifidus, which is
responsible for providing cervical stability in low load conditions
(Lee et al., 2009), the CCF test reveals that the DNFs tend to be
highly active in lower pressures.

We did not observe any differences in the CSAs of DNFs at rest or



Table 1
Demographic characteristics of participants.

Group Weight (kg) Height (CM) Age (Years) BMI (kg/cm2) CVA (degree)

NHP 54.83 ± 6.39 161.55 ± 6.65 23.44 ± 2.54 20.97 ± 1.76 53.20 ± 2.35
FHP 57.72 ± 6.71 161.77 ± 6.10 24.50 ± 3.36 22.07 ± 2.37 45.03 ± 4.43

NHP: normal head posture; FHP: forward head posture; BMI: body mass index; CVA: craniovertebral angle.

Table 2
Means CSA (cm2) of DNFs in different pressure levels of CCF test in two groups.

Pressure
Group

20(mmHg) 22(mmHg) 24(mmHg) 26(mmHg) 28(mmHg) 30(mmHg)

NHP R 0.39 ± 0.11 0.42 ± 0.11 0.44 ± 0.11 0.47 ± 0.12 0.49 ± 0.11 0.50 ± 0.16
L 0.36 ± 0.12 0.41 ± 0.13 0.43 ± 0.13 0.45 ± 0.13 0.48 ± 0.15 0.50 ± 0.16

FHP R 0.37 ± 0.06 0.39 ± 0.06 0.41 ± 0.07 0.43 ± 0.07 0.44 ± 0.07 0.46 ± 0.06
L 0.36 ± 0.05 0.39 ± 0.06 0.42 ± 0.06 0.44 ± 0.06 0.45 ± 0.06 0.47 ± 0.06

CSA: Cross sectional area; DNFs: Deep Neck Flexor muscles; CCF: Cranio-cervical flexion; NHP: Normal Head Posture; FHP: Forward Head Posture; R: Right; L: Left.

Fig. 3. The CSA of the DNFs at different pressure levels used in the CCF test.
CSA: cross-sectional area; DNFs: deep neck flexors; CCF: cranio-cervical flextion

R.E. Moghadam et al. / Journal of Bodywork & Movement Therapies 22 (2018) 643e647646
during the five stages of the CCF test between individuals with
normal head posture and FHP. This result indicates a comparable
CSA of DNFs in both groups. Eshaghi et al. reported no difference in
the muscle thickness in the SCM between the individuals with
normal head posture and FHP (Eshaghi Moghadam et al., 2017).
These results indicate that the postural deviations and muscle
length changes seen in FHP cannot affect the ultrasonic
morphology of DNF muscles or cause atrophy/hypertrophy. This
result, which did not support our hypothesis, could be because our
participants were young students with a brief period and moderate
involvement of FHP (Mean craniovertebral angle ¼ 45.03±4.43).
Therefore, the tension changes induced by FHP could not impose
any morphological changes on their DNFs as expected due to the
short period of sufferance. Additionally, the participants' lack of
pain or disability supports our results because pain is among the
factors that cause muscle inhibition and atrophy (Verbunt et al.,
2005). Unlike patients with neck pain in previous studies, the
participants in the present study could perform all stages of the CCF
test (Falla et al., 2004).

Rezasoltani et al. recently investigated the strength of the cer-
vical flexor and extensor muscles in two groups of individuals with
normal head posture and FHP. They measured the isometric
strength of the cervical flexor and extensor muscles in a sitting
position, and the results showed that no significant differences
existed among themuscle strength of normal head posture and FHP
participants (Bokaee et al., 2016). Considering the relationship be-
tween muscle strength and its size (Rezasoltani et al., 2002, 2010)
The results of the present study for the normal head posture and
FHP individuals supported their study findings. In the other word,
while there is no difference in muscle strength, no CSA contrast is
expected between the two groups.

Afhami et al., 2012 who conducted an electromyography study
on DNFs in normal head posture and FHP individuals while the
participants performed the CCF test, reported higher applied
pressure to the biofeedback set in participants with normal head
posture compared to individuals with FHP. Since the CSA of a
muscle is associated with muscle strength, they concluded that by
increasing themuscle strength, the CSAwill increase, and vice versa
(Rahnama et al., 2015). The results of their study indirectly oppose
the results of the present study; this outcome could be because our
FHP participants had moderate FHP severity (mean craniovertebral
angle of 45.03 ± 4.43), which was lesser than the participants of
Afhami et al.’s study (craniovertebral angle of 41.33 ± 1.15).
Therefore, it is expected that more severe postural changes will
impose more dramatic effects on the neck muscles.

4.1. Limitations and suggestions for future studies

In this study, the measurement of the CSA of the DNFs is per-
formed at the C5-C6 vertebral level. However, measuring higher
vertebral levels could identify greater differences between the FHP
and normal head posture groups because many individuals with
FHP exhibit some head tilting on the neck (Peterson-Kendall et al.,
2005). It is therefore possible to observe morphological changes in
the muscles at higher vertebral levels in individuals with FHP.
Future studies are recommended to investigate the cervical flexor
muscles at different vertebral levels to obtain a wider viewpoint of
the different muscle performances at different levels between the
two groups. Furthermore, as our accessible population comprised
young students with a mean age of 24.5 years, we could not eval-
uate the effects of age or duration of FHP involvement on DNF
morphology. We propose that future studies include higher age
ranges so that researchers can generalize their results to a wider
population and evaluate the long-term effects of postural deviation
on DNFs. Additionally, we did not record the electromyography
activity of the DNFs to ascertain whether any differences exist be-
tween the DNF activity in the two groups. Further research to study
the electromyography activity and ultrasonography morphology of
the DNFs simultaneously will help researchers to develop a better
understanding of the possible muscular impairment in individuals
with FHP.
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5. Conclusion

The results of the present study showed that no significant
differences were evident among the CSAs of the DNFs at the C5-C6
level among FHP and normal head posture individuals, although as
the stages of CCF test increased, the CSA of the DNFs also increased.
These results might be of interest to clinicians and researchers
interested in managing postural deviations, particularly those
related to FHP.
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