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Research Paper: Comparison of Static and Dy-
namic Postural Stability Between Individuals With 
and Without Forward Head Posture

Purpose: The growing popularity of media devices such as smartphones and computers has 
made humankind to acquire forward head posture increasingly. This study aimed to compare 
static and dynamic postural stability between people with and without forward head posture.

Methods: 15 male students with normal posture (24±4 years, 173±6 cm and 70±6 kg) and 15 
male students with forward head posture (25±3 years, 178±7 cm and 68±5 kg) were selected 
purposefully according to the Cranio-vertebral angle. Biodex Stability System was evaluated 
used to measure Static and dynamic postural stability. 

Results: The results showed a significant difference between the two groups in dynamic postural 
stability in both open and closed eyes conditions(P<0.05), whereas no significant difference was 
observed in static postural stability in both open and closed eyes conditions (P>0.05). 

Conclusion: Individuals with forward head posture performed weaker in dynamic postural 
stability than normal ones, as a result, forward head posture is considered as one of the factors 
disturbing dynamic postural stability.
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1. Introduction

odern life with sitting at a computer, 
using a smartphone, or otherwise en-
gaging in activities that put the head 
into a forward position for a long time 
would round the shoulders and makes 

the head move forward. Forward Head Posture (FHP) is 
a poor habitual neck posture that typically includes head-
aches, stiffness, and neck pain. FHP, as a poor position, 
has the potential to affect postural stability by altering 
the function and role of the neck area [1]. Maintaining 
an upright posture requires extremely fine sensorimotor 
control. Even a slight dysfunction could easily provide 
identifiable effects. The human body uses data from the 
proprioceptive, vestibular, and visual receptors to control 
posture [2]. Gathering information from the available 
sources enables the body to make the necessary adjust-
ments through movement strategies in favor of postural 
stability [2]. 

Proprioceptive afferent from neck muscles signifi-
cantly affects postural control. In a desirable alignment 
of posture, the line of gravity passes through the center 
or near the center of the joints. Accordingly, it leads to 
the least amount of pressure and effort to maintain or re-
store postural stability [2]. However, in FHP, the head 

moves forward from the plumb line on the sagittal plane. 
In FHP, the Center of Gravity (COG) of the head shifts 
in the anterosuperior direction, increasing the load on 
the neck. Subsequently, it generates the dysfunction of 
the musculoskeletal, neuronal, and vascular systems [3]. 
FHP causes muscle imbalance and the constant and ir-
regular contraction of the suboccipital, neck, and shoul-
der muscles. As a result, FHP has the potential to fall 
in the Kinesio pathological model; eventually, it impairs 
proprioceptive information from neck muscles and con-
tributes to postural control disturbance.

Data on the effect of FHP on static and dynamic postural 
stability are scarce. Lee et al. (2016) aimed to deter-
mine the effects of FHP on static and dynamic balance 
control. They concluded that total sway distances were 
significantly higher in the FHP group, compared to the 
controls. Results of dynamic balance control did not sig-
nificantly differ between the research groups [3]. Hyong 
et al. (2012) examined the effect of FHP on the range 
of motion of the ankle joint and static balance. They 
reported that FHP did not affect individuals’ static bal-
ance [4]. Kang et al. (2012) investigated the balance of 
individuals who sit at the computer for a long time; they 
concluded that this abnormality may contribute to some 
disturbance in the balance of healthy adults [5]. Lee et 
al. (2014) explored the effect of FHP on proprioception 

M

Highlights 

● Individuals with forward head posture showed significantly weaker dynamic postural stability (more postural 
sways) than normal ones. 

● No significant difference was observed in static postural stability between individuals with and without forward 
head posture.

Plain Language Summary 

The rising use of media devices, such as smartphone and PCs in the era of technology has made us maintain specific 
postures for long periods, which results in some sort of adaptations accordingly. These adaptations make the body to 
deviate from normal posture. Sustaining a good posture is a big part of our health. It ensures that the bones are well 
aligned with the rest of the body, while the tension in the muscles and ligaments is properly distributed. It also keeps the 
body parts in their correct positions with the least stress. The key to good posture is the position of the spine. Forward 
head posture is a poor habitual neck posture which is known by moving the head in forward direction in relation to the 
rest of the body. This posture is increasing in individuals as an outcome of the modern lifestyle. We need a good bal-
ance to do everything. Deviating from normal posture can affect the optimum function of the body. Since with forward 
head posture the body gets out of the line of balance, we aimed to see if the balance control could be affected with the 
forward head posture; hence, we selected students with normal posture and forward head posture and measured static 
and dynamic balance and compared the scores of the two groups. The results showed a dysfunction in individuals with 
forward head posture performing dynamic balance compared to the normal ones.
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by determining the cervical position-reposition error. 
There were significant differences in the error value of 
the joint position sense (cervical flexion, extension, & 
rotation) between the FHP and control groups. Besides, 
there was an inverse correlation between the cranioverte-
bral angle and the error value of the joint position sense. 
This result implies that the change in the muscle length, 
caused by FHP, decreases the joint position sense. Ad-
ditionally, proprioception is aggravated as FHP becomes 
more severe [6]. The later suggests that proprioception 
impairment could affect postural stability. Literature re-
veals that studies that examined the contribution of the 
FHP to postural stability are limited. However, FHP is 
becoming increasingly prevalent in modern life. This is 
because we particularly spend long hours on computers 
and smartphones. Identifying the effects of this posture 
could increase insight regarding postural stability. There-
fore, this study aimed to compare the postural stability 
between students with and without FHP using the Bio-
dex Balance System (BBS). 

2. Materials and Methods

This was a causal-comparative study. In the present 
study, we compared the postural stability between stu-
dents with FHP and those with No Forward Head Pos-
ture (NFHP). The statistical population of this study 
consisted of students of the dormitory of Tehran Uni-
versity. Through convenience sampling, we purposively 
selected 15 individuals with FHP and 15 individuals 
without FHP.

FHP was assessed as follows: The craniovertebral an-
gle is identified as the intersection of a horizontal line 
passing through the C7 spinous process and a line join-
ing the midpoint of the tragus of the ear to the skin over-
lying the C7 spinous process [7, 8]. A digital imaging 
technique was used to evaluate head and neck posture 
in the standing position. A digital camera was placed at 
a distance of 1.5 meters on a fixed base without rotation 
or tilt. The height of the camera was adjusted to the level 
of the investigated subject’s shoulder and a self-balanced 
position was chosen to standardize the head and neck 
posture of subjects. The necessity of remaining in natural 
posture during taking photographs was explained by the 
assessor. The landmarks were joined on the participant’s 
left side using double-sided tape; the spinous process of 
C7, and the tragus of the ear. 

The examiner located the C7 spinous process by re-
questing the participating subject to move the cervical 
spine into the flexion and extension. The C7 spinous 
process is more prominent; however, the C6 spinous 

process is absent in palpation when the cervical spine is 
extended. A plumb rope was suspended from the ceiling, 
and the research subjects stood where the rope would 
pass to anterior the external malleolus. The plumb line 
defined the true vertical line on digital images. Accord-
ing to Kendall’s definition, in a healthy posture, the ex-
ternal ear meatus must be in vertical alignment with the 
lateral malleolus (used to identify individuals without 
FHP). Images were obtained three times and the aver-
age was assumed for each study participant. Next, the 
photos were transferred to the AutoCAD software to find 
the craniovertebral angle. The craniovertebral angle was 
identified at the intersection of a horizontal line passing 
through the C7spinous process and a line joining the 
midpoint of the tragus of the ear to the skin overlying 
the C7 spinous process [9]. There was a clear cut-off 
point threshold, identifying FHP for the craniovertebral 
angle. Besides, the study subjects with a craniovertebral 
angle of <48º were recognized with FHP. The smaller the 
angle, the greater the intensity of the forward position.

Postural stability was measured using the BBS (Bio-
dex, Shirley, NY). BBS is an instrument designed to 
measure and train the postural stability on a static or un-
stable surface [10]. BBS consisted of a circular platform, 
i.e. free to move in the anterior-posterior and medial-lat-
eral axes, simultaneously. The BSS device is interfaced 
with dedicated software (Biodex, Version 1.08, Biodex, 
Inc.) allowing the BSS to measure the degree of tilt in 
each axis; accordingly, it provides an average sway 
score. Eight springs located underneath the outer edge of 
the platform provide the resistance to movement (stabil-
ity level of the platform). Resistance levels range from 8 
(most stable) to 1 (least stable). 

BBS has a display to present feedback in real-time 
concerning the posture and was calibrated before the 
measures. The study participants stood on the BBS sup-
porting both legs during all trials. All trials were per-
formed barefoot. Besides, foot position was recorded 
using coordinates on the platform’s grid to ensure the 
same stance; therefore, providing consistency on future 
tests. When the test began, the platform was released for 
20 seconds; subsequently, the research subjects were re-
quested to maintain an upright position standing on both 
feet. The overall stability index was considered for static 
and dynamic stability (level 4 at platform stability). The 
score on this test assesses deviations from the center; 
thus, a lower score is more desirable than a higher one. 
The study subjects were tested in eyes open and eyes 
closed conditions. 
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The normal distributions of the samples were tested by 
the Shapiro–Wilk test. As each parameter fitted the hy-
pothesized normal distribution of the data (P>0.05 in the 
Shapiro–Wilk test), the Independent-Samples t-test was 
used to compare mean scores at a significance level of 
0.05 in SPSS.

3. Results

Descriptive statistics concerning the individual character-
istics of the study subjects, including age, height, weight, 

Body Mass Index (BMI), and craniovertebral angle are 
presented in Table 1. Postural stability values are listed in 
Table 2.

The Independent-Samples t-test (Table 3) data suggested no 
significant difference between the NFHP and FHP groups 
in static postural stability in eyes-open and eyes-closed sta-
tus (P>0.05). In contrast, there was a significant difference 
between the NFHP and FHP groups in dynamic postural 
stability in eyes-open and eyes-closed conditions (P<0.05). 

Table 1. The demographic characteristics of the research subjects 

Demographic Characteristics
Mean±SD

Age (y) Height (cm) Weight (kg) BMI (kg/m2) Craniovertebral Angle (deg)

Non-FHP 24±4 173±6 70±6 24.68±1.1 55±3

FHP 25±3 178±7 68±5 22.54±1.4 39±7

Table 2. Postural stability values 

Variable Group No. Mean±SD Std. Error Difference

OSI -dynamic-open eyes
Non-FHP 15 3± 0.92 0.23

FHP 15 4.8± 1.3 0.35

OSI -dynamic-closed eyes
Non-FHP 15 12± 2.4 0.62

FHP 15 16.4± 1 0.26

OSI -static-open eyes
Non-FHP 15 0.36± 0.11 0.02

FHP 15 0.38± 0.12 0.03

OSI - static -open eyes
Non-FHP 15 1.5± 0.56 0.14

FHP 15 1.6± 0.35 0.09

OSI: Overall Stability Index; Non-FHP: Non-Forward Head Posture; FHP: Forward Head Posture

Table 3. The Independent Samples t-test results for dynamic and static postural stability 

Variable

Levene’s Test for Equality 
of Variances t-test for Equality of Means

F Sig. t df Sig. 
(2-tailed)

Mean 
Difference

Std. Error 
Difference

95% Confidence Interval of the Difference

Lower Upper

OSI -dynamic-open eyes 3.06 0.091 -4.12 28 0.000 -1.76 0.42 -2.63 -0.88

OSI -dynamic-open eyes 10.14 0.004 -6.59 28 0.000 -4.44 0.67 -5.82 -3.06

OSI -static-open eyes 0.01 0.91 -0.46 28 0.646 -0.02 0.04 -0.1 0.06

OSI -static-closed eyes 1.76 0.19 -0.57 28 0.569 -0.10 0.17 -0.45 0.25

OSI: Overall Stability Index  
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The FHP group revealed more postural sways, indicating 
weaker dynamic stability, compared to the NFHP group.

4. Discussion

The current study results suggested no significant dif-
ference between the NFHP and FHP groups in static 
postural stability in eyes-open and eyes-closed status. 
However, the study groups presented a significant differ-
ence in dynamic stability in eyes-open and eyes-closed 
conditions; thus, the FHP group demonstrated weaker 
dynamic stability, compared to the NFHP group.

The present study findings are in line with those of Lynn 
et al. (1997), Sinaki et al. (2005), Bot et al. (1999), Yal-
fani et al. (2014), and Kasukawa et al. (2010) [11-16]; 
however, they are inconsistent with those of Imagama 
et al. (2011), Silva et al. (2013), and Hyong et al. (2012) 
[4, 17, 18].

Data collected by BBS revealed no significant differ-
ences between the NFHP and FHP groups in static pos-
tural stability. Silva et al. noted that the ability of young 
individuals to adapt to FHP could be a possible factor 
to encounter any potential negative impact on static pos-
tural stability [17]. This suggestion may indicate that 
individuals with FHP may have no difficulty in static 
postural stability, compared to the healthy ones. Further-
more, as the static testing on the BBS platform is not so 
much challenging, it might not have been able to present 
any difference in performance. Another explanation is 
the small sample size; investigating more subjects may 
reveal a different result. 

In contrast to the static postural stability data, the over-
all index for dynamic postural stability suggested that 
the FHP group had more postural sways than the NFHP 
group. Such data indicate poorer postural stability in the 
FHP group. A possible explanation for poor postural sta-
bility with FHP may be the displacement of the body’s 
COG [11]. Leaning forward the head and neck area from 
the line of gravity exerts an unequal pressure on the mus-
culoskeletal structure of the neck under pressure and ten-
sion. This incorrect mechanical pressure on the neck area 
disables muscles to properly perform their functions. As 
a result, and based on the principle of the kinetic chain, if 
any segment of the musculoskeletal system is unable to 
perform its tasks well, the pressure and load of its work 
will be transferred to adjacent joints and muscles; even-
tually, the whole body is engaged to compensate.

 The Greater postural sways in the FHP group could 
reflect the mechanical expression of greater muscle ac-

tivity resulting from motor unit recruitment. Indeed, in-
creased muscle force implies the recruitment of supple-
mentary motor units with the capacity to contract faster. 
This process also helps to produce a greater acceleration 
in response. Attempting to maintain the head and neck 
area, as well as stabilizing its overall position causes the 
body to expend more force and oscillation to compensate 
for the weakness in that area. This faulty loading pattern 
would cause the cervical area incapable of activating the 
muscle synergies. Therefore, the responsibility for the 
inadequacy of the neck area to function properly inevi-
tably falls on other parts of the body with greater effects. 
The muscles that need to compensate for the weakness 
of the neck area are farther away from the neck muscles, 
compared to the neck joints; accordingly, their contrac-
tion is with more force and torque which could be less 
precise and on time. This higher torque could increase 
the body’s oscillations. 

Gauchard et al. (2001) assessed the effects of idiopathic 
scoliosis on undisturbed postural control in young fe-
male teenagers. Their results indicated differences in the 
postural control between the investigated populations; 
the scoliotic COG motions were ampler in the test group, 
compared to the healthy subjects [19]. The damage to the 
vestibular system could be explained by a spinal defor-
mity, especially in kyphosis and scoliosis, and the initial 
position of the head on the spine changes; subsequently, 
this change affects the vestibular system to provide in-
correct information to the balance control system.

Individuals with scoliosis change the position of their 
joints and muscles relative to their original position; it 
is unlikely that this system sends the right data about the 
position of muscles and joints to the Central Nervous Sys-
tem (CNS). This may also be the case for individuals 
with FHP [6]. The position of the cervical vertebrae and 
the agonist and antagonist muscles seem to alter as the 
neck arch intensifies. Moreover, the articular and mus-
cular receptors fail to transmit the correct information. 
With spinal deviations and deformities, the muscles on 
one side become short and the other side becomes weak. 
Accordingly, it leads to a lack of coordination between 
these muscles. 

The cervical area also significantly impacts controlling 
posture and stability against gravity [20, 21]. The cervi-
cal region has a specialized proprioception system, i.e. 
probably due to the abundance of muscle spindles and 
mechanoreceptors in this area; it is especially located 
in the posterior cervical region [20, 21]. These cervical 
receptors are associated with the visual and vestibular 
systems [20, 21]. They also influence cervico-collic and 
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cervico-ocular reflexes and cervical tonic reflexes, 
i.e.critical in regulating head, eye, and postural stabil-
ity [20, 21]. During neck movement, visual, vestibular, 
and proprioception are constantly changing as a result of 
continuous alternations in the length of muscles, the vi-
sual field, and the interaction of the multi surfaces of the 
vertebrae [22]. FHP is accompanied by pain, fatigue, and 
erosion of joints, spasms, muscle tension, muscle imbal-
ance, and decreased proprioception [1]. These, in turn, 
could contribute to the disturbance of postural stability 
[22, 23].

The postural deviations of the head and neck area could 
impair the data transmitted from the mechanoreceptors 
to the CNS [6]. This will result in an improper response 
of the body and the creation of inappropriate motor re-
sponses to internal and external stimuli. 

Furthermore, changes in the curvature of the spine could 
lead to an insufficient tension-length relationship, in-
creased fatigue, and enhanced electromyography activ-
ity of the muscles in different areas of the spine. Due to 
changes in the curvature of the spine caused by head ab-
normalities and body mass in a new position, the body’s 
mass changes are relative to the ankle joint; subsequently, 
this condition changes the ankle’s torque and increases 
the activity of the lower limb muscles. In sum, all of these 
changes could affect the input of receptors to regulate 
COP, which in turn, affects the postural control [5].

As per the present study, the mechanisms involved in 
dynamic postural stability were affected by FHP. In the 
BBS, when the dynamic mode is selected for measure-
ment, the footrest is less stabilized. The addition of foot-
rest instability could generate a significant difference 
between the FHP and NFHP groups in dynamic stability. 
However, the performance of the study groups revealed 
no significant difference in the static mode. Our research 
finding suggested that different mechanisms might be in-
volved in controlling static and dynamic postural stabil-
ity; static postural control is different from dynamic con-
trol. Such data reveal that static postural stability does 
not necessarily reflect or guarantee dynamic postural 
stability. In this regard, few studies directly examined 
the relationship between static and dynamic stability; the 
results of which indicated poor relationships between 
static and dynamic stability [23, 24]. 

FHP could demonstrate its negative effects on dynamic 
stability. The body encountered further turbulences with 
greater forces and torques while the test was dynamic. 
Individuals with FHP could compensate and normally 
function in the static stability test; however, with more 

disturbances, they failed to keep the same performance 
as the normal ones. In this study, the tests of postural 
stability were conducted in the laboratory and by the 
BBS. Besides, the results might not be generalizable to 
real situations,; therefore, conducting research with field 
and functional tests may help produce useful knowledge 
about the impact of FHP on postural stability.

5. Conclusion

FHP, as a postural deviation, not only removes the head 
and neck area from the anatomical point of view but also 
could weaken the individual’s performance in control-
ling dynamic postural stability.
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