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ABSTRACT

Background: Forward head posture is associated with impaired musculoskeletal 
function and sensorimotor system. However, the effects of an exercise program as 
part of routine activities in persons with forward head posture remain unknown. 
 

Objectives: To investigate the effects of an exercise program on cervical posture 
and sensorimotor function in persons with forward head posture. 

Materials and methods: Sixty university students with forward head posture (aged 
between 19 and 24 years old) were recruited. Participants were allocated to either 
experimental or control group. The experimental group received a specific exercise 
program including postural correction, co-contraction of the cervical muscles and 
suboccipital muscle stretching, 7 days a week for 4 weeks. The control group continued 
with their normal daily routine. The outcome measures were the craniocervical (CV) 
angle, sagittal head tilt (SH) angle, cervical joint position error (JPE), and postural 
sway during narrow stance with eyes open and closed. The outcomes were measured 
at baseline and 4 weeks after intervention.

Results: The results showed that the CV angle and JPEs in rotation to the left and 
right sides were improved significantly in the experimental group compared to the 
control group after the exercise program (p<0.05). The CV angle, SH angle and JPEs 
before and after the exercise program were significantly found in the experimental 
group (p<0.05). There were no significant differences in the total sway area between 
groups and within group (p>0.05). 

Conclusion: The results of this study suggested the 4-week exercise program 
(postural correction, co-contraction of the cervical muscles and suboccipital muscles 
stretching) was effective for improving the head and cervical posture and joint 
position sense.
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	 Forward head posture is one of the most common 
postural problems. It is often described when resting head 
posture held in front of the line of gravity with the eyes 

Introduction level or angled downwards in upright position.1 The incidence 
of forward head posture varies from 66% to 85% of healthy 
populations.2 Forward head posture is proposed as a risk 
factor of neck pain,3, 4 although its relationship is still 
controversial,5, 6 and is often caused by imbalance between 
the deep and superficial cervical muscles.7 Deep cervical  
flexor muscles (i.e. longus colli and capitis muscles) providing 
dynamic cervical stability and support of cervical spine were 
demonstrated to be impaired8, 9 while cervical extensor muscles, 
in particular suboccipital muscles were shortened.2, 10, 11

	 In addition to the musculoskeletal system, forward 
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head posture has also been proposed to be associated with 
the sensorimotor system.12, 13 This may be explained by 
sensorimotor integration of the cervical proprioception and 
other sensory information from the visual, vestibular and 
somatosensory systems required for the postural control 
system.14 Evidence suggests that the deep cervical muscles, 
in particular the longus coli and suboccipital muscles have 
high density of muscle spindles, which provide proprioceptive 
information for the sensorimotor system.15, 16 Previous studies 
demonstrated that forward head posture and static neck 
flexion led to changes in the cervical proprioception 12, 13 
and impaired postural control.17 In contrast, a study reported 
that forward head posture did not affect postural control.18 
Although the association of forward head posture and the 
sensorimotor control is modest, its potential to impaired 
cervical proprioception contributing to postural control 
deficit is still promising. 
	 A recent systematic review and meta-analysis study 
by Sheikhhoseini et al.19 suggested that therapeutic exercises 
consisting of strengthening and stretching exercises for the 
cervical muscles might result in large changes in craniovertebral 
(CV) angle and moderate improvement in neck pain in 
participants with forward head posture. Exercise intervention 
involving craniocervical flexor muscles is mostly attributed  
to forward head posture. The head and cervical posture 
(CV and head tilt angles) was found to improve after 
craniocervical exercise program.20-22 Whereas it is evident 
that exercise interventions can improve forward head 
posture, the exercise programs designed in most studies were 
conducted in non-functional position and a center-based 
program,19, 20, 22-24 which pose limits to manage as part of 
activity in daily life. Given that the correct upright posture is 
necessary for forward head posture and the deep cervical 
flexor muscles play an important role for stabilizing and 
controlling the cervical spine, a specific exercise program 
involving the craniocervical exercise and posture correction 
should be encouraged as part of routine activities. This 
would partially help unload the cervical spine. Additionally, 
stretching exercise for shortened muscles, particularly the 
suboccipital muscles could be added as its impairment and 
effectiveness on forward head posture have also been 
revealed.21 As yet there is no research addressing the 
effects of an exercise program as part of routine activities. 
Thus, the present study aimed to determine the effects of 
an exercise program on head and cervical posture as well 
as sensorimotor function (cervical proprioception and 
standing balance) in healthy persons with forward head 
posture. Knowledge gained would reinforce preventive 
and promotive programs in persons with forward head 
posture. 

Materials and methods

Study design
	 This study was a randomized, controlled, assessor-blinded 
clinical trial (allocation ratio 1:1). Ethical approval was gained 
from the ethical review committee for research in humans, 
Faculty of Associated Medical Sciences, Chiang Mai University 
(AMSEC-61EX-085). The study was registered on the Thai 
Clinical Trials Registry (No: TCTR20190211005). All participants 

provided written informed consent before the commencement 
of the study. 

Participants
	 Participants were volunteer university students, aged 
between 19 and 24 years old. University students were 
chosen as they were a relatively controlled setting and 
comparatively homogenous population. All participants 
were recruited through an advertisement on Facebook, 
and flyers on university campuses located in Chiang Mai. 
Inclusion criteria were no history of neck and shoulder 
pain for the past year, no any musculoskeletal problems/
conditions that could affect outcomes (e.g. torticollis, 
scoliosis, back pain, ankle pain, and myofascial pain) and 
non-athletes. 
	 Participants were made an appointment with an 
independent assessor to receive initial physical assessment. 
All eligible participants must have forward head posture 
measured by the CV angle with a digital camera (Canon 
EOS 600D) in a natural sitting position.25 Forward head posture 
was defined as the CV angle was lower than 50°.26, 27 Manual 
examination was also performed on the cervical spine 
(C0-C7) to confirm no symptomatic cervical joint dysfunction. 

Randomization and masking
	 Randomization was undertaken by an independent 
researcher who was not involved in the trial. Randomization 
was performed by computer-generated permuted blocks 
with a block size of four, stratified by gender and severity 
of forward head posture (<43.5° or ≥43.5°).28 Allocation 
was concealed in sequentially numbered, sealed, opaque 
envelopes. The envelopes were opened by a researcher 
allocating participants to each group. The examiner was 
blinded to group allocation throughout the trial. The therapist 
was not blinded to treatment.  

Interventions
	 Participants in the experimental group received the 
exercise program delivered by a physiotherapist with over 
3 years of experience. The exercise program included postural 
correction, co-contraction of the cervical muscles, and 
suboccipital muscle stretching, according to the previous 
studies.29-31 The postural correction consisted of gently 
rolling of pelvis forward to an upright neutral sitting position, 
followed by scapular correction and occipital lift. The 
participants were actively performed and maintained the 
position for 10 seconds with 5 repetitions, every hour at least 
7 times throughout the day (Figure 1A). The co-contraction 
of the cervical muscles consisted of self-resistance isometric 
craniocervical flexion, and cervical rotation (right and left). 
For the isometric craniocervical flexion, the participants 
were asked to push the chin inferiorly against the fist of one 
hand while used the other hand wrapping around the front 
of the neck to monitor overuse of the sternocleidomastoid 
and scalene muscles. For the isometric cervical rotation, 
the participants performed with eye movement by pressing 
their palms against each side of their head and looking into 
the elbow (left or right) (Figure 1B).30 Each isometric exercise 
was performed 10 repetitions with a 10-second hold a day. 
For the suboccipital muscles stretching, the participants 
sat upright, placed both hands under the back of the top 
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portion of the head, and pushed the top of the head down 
with the chin tucked into the front of the neck (Figure 1C).31 
The participants were asked to hold the position for 
10 seconds, with 5 repetitions a day. The exercise program 

was commenced the day after baseline assessment. The 
participants were asked to perform the exercise program 
daily for 4 weeks and complete an exercise diary to monitor 
compliance and record adverse events.

Figure 1. Exercise program for experimental group. (A) postural correction, (B) co-contraction of the cervical muscles, (C) suboccipital muscle stretching.

	 Participants in the control group were asked to carry 
on with their regular activities with no additional exercise 
and record if any particular discomfort or injury occurred 
during the study period.  

Outcomes
Head and neck posture 
	 The CV and sagittal head tilt (SH) angles were measured 
using a digital camera (Canon EOS 600D). The CV angle was 

defined as the intersection of a line drawn from the tragus 
of the ear to the C7 spinous process, and a horizontal line 
passing through the C7 spinous process32, 33 (Figure 2). The 
SH angle was an angle between a line from the canthus of 
the eye to the tragus of the ear, and a horizontal line pass 
through the tragus of the ear. Three reflective adhesive 
markers were placed over anatomical landmarks (i.e. canthus 
of eye, tragus, and C7 spinous process). The participants 
were asked to assume their natural sitting position with 
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Figure 2. (A) Craniovertebral angle, (B) sagittal head tilt.

barefoot. The camera was set at 80 centimeters away from 
the participants in sagittal standing posture and the camera 
lens was adjusted at the level of external auditory meatus 
by adjusting the height of the camera tripod.6 The head 
and neck posture was taken two times in a lateral view 

with the right side of the participant photographed. The 
photographic data was exported into a computer and the 
CV and SH angles of each photograph were measured 
twice in degrees using Image J program.

	 Intra-rater reliability was conducted in 15 university 
students, aged between 19 and 24 years old. The measurement 
of CV and SH angles were performed twice with an interval 
of 24-48 hours by a blinded examiner. The reliability results 
for both CV and SH angles were excellent (ICC3,1 = 0.91 and 
0.85, respectively).

Cervical proprioception
	 Cervical proprioception was measured by joint position 
sense (JPS) test using a laser pointer attached to the head 
as described by Revel et al.34 The participants sat upright 
with the head in the neutral resting position, 90 centimeters 
away from the center of a target attached on a wall. They 
were asked to perform active cervical movements with 
eyes closed and then return to the starting position as 
accurately as possible. JPS was tested in cervical extension 
and rotation to the right and left directions in random 
order and each direction was measured three times. The 
participant’s head was repositioned back to the starting 
position by the examiner before each trial. No verbal 
feedbacks were given during the measurement. An absolute 

joint position error (JPE) was calculated from the final 
laser position and the starting position for each trial in 
millimeters and then calculated to degrees using equation:  

	 Degree= tan-1

4 
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old. The measurement of CV and SH angles were performed twice with an interval of 24-48 hours by a 
blinded examiner. The reliability results for both CV and SH angles were excellent (ICC3,1 = 0.91 and 0.85, 
respectively). 
 
Cervical proprioception 

Cervical proprioception was measured by joint position sense (JPS)  test using a laser pointer 
attached to the head as described by Revel et al. 34 The participants sat upright with the head in the 
neutral resting position, 90 centimeters away from the center of a target attached on a wall. They were 
asked to perform active cervical movements with eyes closed and then return to the starting position 
as accurately as possible.  JPS was tested in cervical extension and rotation to the right and left 
directions in random order and each direction was measured three times.  The participant’s head was 
repositioned back to the starting position by the examiner before each trial. No verbal feedbacks were 
given during the measurement. An absolute joint position error (JPE) was calculated from the final laser 
position and the starting position for each trial in millimeters and then calculated to degrees using 
equation:  Degree = tan−1[𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑

900(𝑚𝑚𝑚𝑚) ].  Degree of JPE of each movement was used for further 
analysis. 
 
Static standing balance test  

Sway meter was used to measure static standing balance.35, 36 It comprised a 40-cm-long rod 
with a vertically mounted pen at its end attached to a belt. The sway meter was attached to the 
participants at their waist levels with rod extending posteriorly. Standing balance was tested under 
two different conditions: narrow stance (feet together) with eyes open and closed.18 For each 
condition, participants were instructed to stand as still as possible for 30 seconds. The pen was 
participant's postural sway on a millimeter graph paper fastened to the top of an adjustable-height 
table. The postural sway was calculated by displacements of center of pressure in the maximum 
anterior-posterior (APmax) and medial-lateral (MLmax) directions and total sway area was summed by 
number of square millimeter squares (mm2) traversed by the pen and then converted to square 
centimeter (cm2). 
 
Study procedure  

All eligible participants completed a consent form and randomly assigned to either the 
experimental or control group. The outcome variables (the CV angle, SH angle, JPS, and standing 
balance) were measured at baseline and 4 weeks after intervention by a blinded examiner. The 

. 

Degree of JPE of each movement was used for further 
analysis.

Static standing balance test 
	 Sway meter was used to measure static standing 
balance.35, 36 It comprised a 40-cm-long rod with a vertically 
mounted pen at its end attached to a belt. The sway meter 
was attached to the participants at their waist levels with 
rod extending posteriorly. Standing balance was tested 
under two different conditions: narrow stance (feet together) 
with eyes open and closed.18 For each condition, the participants 
were instructed to stand as still as possible for 30 seconds. 
The pen was participant's postural sway on a millimeter 
graph paper fastened to the top of an adjustable-height 
table. The postural sway was calculated by displacements 
of center of pressure in the maximum anterior-posterior 
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Results

Participants
	 The study commenced in February 2019 and was 
completed in July 2019. A flow diagram of participant 
recruitment and retention is presented in Figure 3. Sixty 
participants were enrolled into the study and none of those 
lost to follow-up. Seven participants in the experimental 
group (23.33%) did not achieve at least 80% of the exercise 
program and their data were excluded from the analysis. 
No additional exercise and no adverse effects were reported. 
Demographic characteristics for the participants are 
presented in Table 1. There were no between-group 
differences in the participant characteristics (p>0.05).

(APmax) and medial-lateral (MLmax) directions and total 
sway area was summed by number of square millimeter 
squares (mm2) traversed by the pen and then converted to 
square centimeter (cm2).

Study procedure 
	 All eligible participants completed a consent form 
and randomly assigned to either the experimental or control 
group. The outcome variables (CV angle, SH angle, JPEs, 
and postural sway) were measured at baseline and 4 weeks 
after intervention by a blinded examiner. The participants 
in the experimental group were trained to facilitate correct 
performance of each exercise program (postural correction, 
co-contraction of the cervical muscles and suboccipital 
muscle stretching). After the participants were able to do 
the exercise correctly and independently, they were asked 
to practice the exercise programs daily for 4 weeks. An 
appointment was made within the first week to ensure 
that the participants could perform the exercises correctly 
by themselves. A telephone reminder was scheduled to 
remind the participants to exercise every hour of the day. 
To increase compliance rate, the participants were also 
called by a researcher every week. The control group continued 
with their normal daily routine. The participants in both 
groups were asked not to change their normal daily routine 
with no additional exercise. 

Sample size calculation
	 Sample size estimation was computed based on the 
CV angle data of a previous study by Gupta et al.,23 using 
G*Power 3.1.9.2. The effect size for the difference between 
two independent means was 0.7. With a power of 0.8 and 

a significant level of 0.05, a total sample size of 52 participants 
was required for the study. To allow for a 15% dropout rate, 
60 participants were recruited for the study.

Statistical analysis
	 To be included in the analysis, all participants had to 
complete at least 80% of the prescribed exercise program. A 
per-protocol analysis was used to determine the treatment 
effect. Descriptive statistic and independent t-test were used 
to determine demographic characteristics of the participants.  
Shapiro-Wilk test was used to analyze normality of the outcome 
variables. An analysis of covariance (ANCOVA) was used 
to examine differences in the outcomes between groups, 
using the baseline values as covariates. A mixed-model 
ANOVA was used to analyze differences in the outcomes 
between times for each group. All statistical analyses were 
performed using SPSS software. Level of significance was 
set at 0.05.

Figure 3. Flow diagram of the trial.
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Table 1 Demographic characteristics for the participants.

Variables Experimental group (n=23) Control group (n=30) p value
Age (yrs) 22.00±1.28 21.67±1.54 0.41
Gender (% female) 65.22 66.67 0.91
Height (cm) 164.00±9.17 164.18±9.21 0.94
Weight (kg) 61.00±12.55 60.34±11.26 0.84
Duration of study in sitting position (hrs) 5.74±1.78 6.75±2.23 0.08
Duration of smartphone use (hrs) 7.63±3.41 8.07±3.92 0.97

Note: Data are presented with mean±SD, otherwise as indicated. yrs: years, cm: centimeters, kg: kilograms, hrs: hours.

There was no difference in the SH angle between groups  
(p>0.05). The CV and SH angles before and after the exercise 
program were significantly found in the experimental 
group (p<0.05), but not found in the control group (p>0.05) 
(Table 3). 

Outcomes
Head and neck posture 
	 The CV and SH angles for the experimental and control 
groups are provided in Table 2. The CV angle was significantly 
improved in the experimental group compared to the control 
group after the 4 weeks exercise program (p<0.05) (Table 2). 

Table 2 �All outcome variables for baseline (pre-test) and after intervention (post-test) between the experimental and control 
groups.

Variables
Experimental group (n=23) Control group (n=30) Mean difference

p value Effect 
sizePre-test Post-test Pre-test Post-test 95% confidence 

interval

Head and neck posture (degrees) 
       - CV angle 46.23±2.74 49.27±2.99 45.07±3.13 45.93±3.47 -2.47 (-3.82 to -1.11) 0.01 0.21

       - SH angle 20.53±4.82 18.03±5.63 18.57±4.33 17.76±5.49 0.67 (-2.31 to 3.64) 0.66 0.01

JPE (degrees)  

     - extension 3.39±2.39 3.08±2.38 4.13±1.99 4.53±2.15 1.04 (-0.05 to 2.13) 0.06 0.07

     - rotation to the left 3.83±1.34 2.94±1.47 5.16±2.78 5.04±3.13 1.20 (0.01 to 2.39) 0.05 0.08

     - rotation to the right 3.58±1.32 2.49±1.19 4.06±2.48 4.83±2.65 1.41 (0.41 to 2.42) 0.01 0.24

Sway area (cm2)

     - eyes open 0.83±0.39 0.74±0.34 0.77±0.38 0.78±0.36 0.06 (-0.11 to 0.24) 0.45 0.01

     - eyes closed 0.96±0.49 0.83±0.38 0.85±0.39 0.90±0.52 0.13 (-0.11 to 0.37) 0.29 0.02

Note: Data are presented with mean±SD, otherwise as indicated. yrs: years, cm: centimeters, kg: kilograms, hrs: hours.

Cervical proprioception
	 The JPE values for the participants in both groups 
are provided in Table 2. The JPE values in rotation to the left 
and right sides were decreased in the experimental group 
compared with the control group after exercise (p<0.05) (Table 2). 
There was no significant difference between groups in the 
JPE value in extension (p>0.05). The JPE values in rotation 
to the right and left sides, but not in extension, before and 
after the exercise program were significantly found in the 

experimental group (p<0.05) (Table 3). The JPE values for 
all directions were not found before and after intervention 
in the control group (p>0.05).

Static standing balance
	 The total sway area during standing with eyes open 
and closed for both groups is provided in Table 2. There were 
no significant differences in the total sway area between 
groups and within group (p>0.05) (Table 2 and 3).
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Table 3 �Mean differences (95% confidence interval) within-group for all outcome variables.

Variables
Experimental group (n=23)

Effect size
Control group (n=30)

Effect size
Mean difference (95% CI) p value Mean difference (95% CI) p value

Head and neck posture (degrees)
       - CV angle 3.04 (2.00 to 4.08) 0.01 0.41 0.85 (-0.06 to 1.76) 0.07 0.07

       - SH angle -2.50 (-4.91 to -0.89) 0.04 0.08 -0.81 (-2.87 to 1.25) 0.43 0.01

JPE (degrees)   

     - extension -0.31(-1.21 to 0.59) 0.49 0.01 0.39 (-0.39 to 1.18) 0.32 0.02

     - rotation to the left -0.89 (-1.80 to -0.01) 0.05 0.07 -0.13 (-0.92 to 0.67) 0.75 0.01

     - rotation to the right -1.09 (-1.99 to -0.19) 0.02 0.10 0.10 (-0.69 to 0.89) 0.06 0.07

Sway area (cm2) 

     - eyes open -0.09 (-0.24 to 0.06) 0.25 0.03 0.01 (-0.13 to 0.14) 0.98 0.01

     - eyes closed -0.14 (-0.34 to 0.06) 0.17 0.04 0.05 (-0.13 to 0.22) 0.59 0.01
Note: CV angle: craniovertebral angle, SH angle: sagittal head tilt angle, JPE: joint position error.

Discussion

	 This study demonstrated that the CV angle and JPEs 
were significantly improved in the experiment group compared 
to the non-exercising control group. Additionally, the CV 
angle, SH angle and JPEs were significantly improved at 4 weeks 
of training in comparison with the baseline data. However, 
there was no change in standing balance after the exercise 
program. The results suggested that the 4-week exercise 
program consisting of postural correction, co-contraction 
of the cervical muscles, and suboccipital muscle stretching 
could improve forward head posture and joint position 
sense in healthy individuals.
	 The results of this study support a systematic review 
suggesting that therapeutic exercise might result in large 
changes in CV angle and moderate improvement in neck 
pain in participants with forward head posture.19 Notably, the 
CV value in the experimental group was closed to normal value as 
suggested in previous studies.26, 27 In addition, the results 
of this study are consistent with previous findings,20-22 
although the exercise program in this study was given as 
part of routine activities. Camitsis et al.22 reported that the 
CV angle was greater in both standing (about 11%) and sitting 
(about 15%) after a home-based craniocervical exercise 
(10 times/set, 3 sets, 3-5 weeks) in asymptomatic subjects. 
Kim et al.21 also demonstrated that the craniocervical exercise 
combined with suboccipital release could improve the CV 
angle in subjects with forward head posture. Similarly, Falla20 
found that the craniocervical flexor exercise improved the 
ability to maintain an upright cervical posture (CV angle) 
during the computer task in patients with neck pain.  
	 Forward head posture is often associated with increased 
compressive loading of the cervical spine as well as a creep 
response in connective tissues.3 There is also a contribution 
of prolonged static posture to risk for the development of 
symptoms in the neck and upper body.37, 38 Evidence suggests 
that deep cervical flexor muscles play an important role 
for providing support and stability for the cervical spine and the 
weight of the head against gravity.39 Particularly, a study 
found that logus colli counteracts the lordosis increment 
related to the weight of the head and to the contraction 

of the dorsal neck muscles.8 This supports our results. 
Postural correction facilitates the activity of the deep neck 
flexor muscles, scapular muscles and lumbar multifidus, 
which are key postural muscles for improving the pattern 
of cervical, scapula-thoracic and lumbo-pelvic movement.29 
Co-contraction of the cervical muscles increases the activity 
of the deep neck flexors incorporated with superficial neck 
flexors, neck extensors and neck rotators.40 Suboccipital 
muscle stretching decreases tightness of the suboccipital 
muscles, leading to reduced chin out posture. Nonetheless, 
the findings of this study found no significant difference in 
the SH angle between groups but between pre- and post-test 
in the experimental group. No differences (pre-post) in the 
SH angle were observed for the control group. One reason 
may be associated with the correctness of the exercise 
performance. Although all participants in the experimental 
group were properly trained by the physiotherapist, the 
head may not be well stretched into the stretch position 
when they performed independently at home. Thus the 
cervical extensors might be rather more stretched than 
the suboccipital muscles. Alternatively, no difference may 
be due to small sample size. The sample size in this study 
was calculated based on the CV angle. Also, the exercise 
duration may be not enough. This should be addressed in 
further research.
	 The results of this study revealed that JPEs in the left 
and right rotation were significantly decreased after exercise 
program 4 weeks, when compared with the control group. 
A trend was also observed in cervical extension for the 
experimental group, which no statistical significance may 
be due to a large variabilty in the experimental group.  
Additionally, there were significant differences between 
pre- and post-test for the JPEs in the left and right rotation 
in the experimental group, but not in the control group. Our 
results are supported by a previous study demonstrating 
that forward head posture was correlated with greater 
repositioning error than a more upright posture and could 
lead to disruption of afferent input from the muscle spindles.41 
The JPEs may also be related to alteration in cervical 
proprioception. Deep cervical and suboccipital muscles 



N. Jantoon et al.  Journal of Associated Medical Sciences 2020; 53(3): 62-71 69

have the highest density of muscle spindles, which contain 
mechanoreceptors providing cervical proprioceptive 
information for the sensorimotor system.15, 16 There is also 
evidence that high spindle density in the muscles is relevant 
to movement control of the cervical spine and kinesthetic 
information.42 Thus, it is possible that the specific exercise 
intervention focusing the deep cervical muscles may rebuild 
cervical proprioception in persons with forward head 
posture. 
	 Unexpectedly, there were no significant differences 
in the static standing balance after the exercise intervention. 
It is well-known that postural control requires sensory input 
from the visual, vestibular, somatosensory and cervical 
proprioception systems.14, 43 One study found that forward 
head postures during computer-based work might contribute 
to some disturbance in the balance of healthy adults17 
whereas another study found that induced forward head 
posture did not affect postural control.18 In this study, the  
change of postural sway in the experimental group seems 
to be greater than that in the control group, but the difference 
did not reach statistical significance. Knowingly, the deep  
cervical muscles providing proprioception which is important 
for the sensorimotor system.15, 16 However, the sensorimotor 
system also comprises other sensory input from the visual, 
vestibular, and somatosensory subsystems for controlling 
postural stability. Thus although forward head posture  
can alter cervical proprioception and disturb balance,17 
it may be compromised by the other sensory systems. On 
the other hand, it is possible that the exercise may not be 
sufficient to improve standing balance. A specific balance  
training may be needed. Also, as we studied in young 
adults, their balance may be less impaired or affected by  
forward head posture. Yet, there is no normative data of 
postural sway using the sway meter for comparison with. 
Besides, the nonsignificant results may be due to small 
sample size. As this study is the first study investigating the 
effectiveness of a specific exercise on static standing 
balance, it can therefore be challenged to conclude whether 
static standing balance in those with forward head posture 
can be improved from the exercise intervention including 
postural correction, co-contraction of the cervical muscles, 
and suboccipital muscle stretching. Further research in 
this area is still required.
	 There are some limitations to this study. Participants 
recruited into the study were narrow age range (19-24 years) 
and university students. This potentially limits the generalizability 
of the study’s results to other populations and in particular 
to older adults who are susceptible to age-related changes 
in musculoskeletal and sensorimotor systems. Additionally, 
the sample size in this study was calculated from one 
variable (CV angle). This may lead to non-significant 
results for the other outcomes. Additionally, it is difficult to  
control whether the participants in the experimental group 
could perform the exercise program correctly thoughout 
the study periods, in particular the suboccipital muscle 
stretching. Although the sway meter is reliable and valid 
to measure postural sway, forceplates or force platforms 
are ideal for measuring static standing balance. There was 
quite a number of the participants who did not complete 

the exercise program. This study is expected to support 
existing data and further emphasize the importance of 
good head and neck posture and a routine specific exercise 
during daily life activities. However, there remains a need 
for further research in order to reinforce the effects of a 
specific exercise intervention in persons with forward head 
posture. Further research is still requried to confirm the 
study findings in variety of ages (e.g. middle-aged and older 
adults) and populations (e.g. persons with neck pain and 
office workers). Additionally, further research should 
investigate whether the co-contraction of the cervical 
muscles can improve balance in those with forward head 
posture or a specific balance training is needed. The effects 
of the exercise program during performing functional or 
specific tasks such as computer typing should also be 
investigated in persons with forward head posture. Furthermore, 
sophisticated laboratory tests should be considered in further 
research to better understand the effects of exercise on 
balance in persons with forward head posture.

Conclusion 

	 The results of this study suggested that an exercise 
program including postural correction, co-contraction of the 
cervical muscles, and suboccipital muscle stretching for 
4 weeks was effective in improving the head and cervical 
posture (CV angle) and joint position sense (cervical rotation)  
in persons with forward head posture. Improvement in 
static standing balance was not found. The study emphasizes 
the importance of a routine specific exercise during daily 
life activities for university students with forward head 
posture.
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