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ABSTRACT
Objective: The purpose of this study was to compare cervicocephalic kinesthesia and electromyographic (EMG)
activity of neck muscles—upper trapezius (UT) and sternocleidomastoid (SCM)—between individuals with and
without forward head posture (FHP) and to examine the correlation between cervicocephalic kinesthesia and
craniovertebral angle (CVA).
Methods: Twenty-two asymptomatic individuals with FHP and 22 without FHP were recruited for the present study.
Craniovertebral angle was measured, and those with CVA ≤53° were assigned to the FHP group, whereas those with
CVA >53° were assigned to the control group. Thereafter, cervicocephalic kinesthesia and EMG activity of the neck
muscles were assessed. Cervicocephalic kinesthesia was measured using a head repositioning accuracy test for all
cervical spine motions. EMG activity of the UT and SCM muscles was recorded at rest and during activity.
Results: Position-sense error values were found to be significantly greater for all directions—ie, flexion, extension,
side flexion, and rotation—in participants with FHP than those without (P < .05). EMG activity of the UT
and SCM muscles was found to be significantly raised both at rest and during activity in individuals with FHP
relative to the non-FHP group (P < .05). Position-sense error values showed a significant inverse correlation with
CVA (P < .05).
Conclusion: Findings of the present study suggest that cervicocephalic kinesthesia and activation patterns of the neck
muscles may be significantly altered in individuals with FHP. Also, cervicocephalic kinesthesia is significantly
associated with the severity of FHP. (J Chiropr Med 2020;19;230-240)

Key Indexing Terms: Posture; Electromyography; Neck
TAGGEDH1INTRODUCTION TAGGEDEND

According to recent estimates,1 around 75% of the total
population of the world spends the majority of their time
on electronic devices such as smartphones, iPads, laptops,
electronic readers, video-game devices, and so on. Use of
these devices requires people to assume static postures for
long durations that cause sustained contractions of the head
and neck muscles, which leads to adoption of abnormal
postures.2 Research also suggests that spending more than
hysiotherapy and Rehabilitation Sciences, Jamia
ew Delhi, India.
hysiotherapy, Shree Guru Gobind Singh Tricen-
, Gurugram, Haryana, India.
author: Zainy Khan, PhD, Centre for Physio-

abilitation Sciences, Jamia Millia Islamia, New
dia.
y131@gmail.com).
ed September 13, 2019; in revised form April 2,
ly 8, 2020.

tional University of Health Sciences.
/10.1016/j.jcm.2020.07.002
20 h/wk on unsupported devices increases the risk for
developing cervical spine musculoskeletal disorders.1

Long duration sitting in a sustained posture often leads to
a common postural deformation known as forward head pos-
ture (FHP), which is characterized by an anterior position of
head in relation to the line of gravity.3 Due to the alteration
in the relative position of the head with respect to the line of
gravity, FHP leads to excessive extension at the upper cervi-
cal spine (C1-C3) and flexion at the lower cervical spine
(C4-C7).4 FHP has been found to be a potential risk factor
for neck and shoulder pain,5,6 abnormal scapular move-
ment,7 tension-type headache,8 cervicogenic and migraine
headache,9 myofascial pain syndrome,10 temporomandibu-
lar dysfunction,11 decreased forced vital capacity, forced
expiratory volume in 1 second and accessory respiratory
muscle activity,12 proprioceptive dysfunction,13 dizzi-
ness,14 coordination problems,15 altered balance,16 lateral
inclination of the pelvis, and visual disorders.17,18 More
importantly, it causes muscular imbalances affecting vari-
ous muscles of the neck, such as the upper cervical spine
flexors, scapular retractor muscles, suboccipitals, scalenus
anterior, upper trapezius and sternocleidomastoid, levator
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scapulae, and semispinalis capitis post major.19-23 More-
over, this posture accelerates activity of the neck extensor
and the upper and lower trapezius muscles during rest.24,25

Kinesthesia is defined as the ability to judge joint posi-
tion, which is helpful in the coordinated movement of the
head, trunk, and extremities.26 Dysfunction of the cervico-
cephalic kinesthetic sensibility can be characterized by
movement and head relocation errors (HRE) and increased
movement irregularities.27 Cervical proprioception contrib-
utes to correct head-in-space and trunk orientation28 in
addition to body orientation and balance control.29 Gande-
via et al30 reported that proprioceptive function is more pre-
cise in the neck than the lower back, owing to more
mechanoreceptors and muscle spindles in the suboccipital
muscles.31,32 Furthermore, FHP increases the load on upper
cervical joints, which disturbs the periphery-to-central
transmission of kinesthetic and proprioceptive signals.33,34

FHP seems to have a greater impact on sensorimotor func-
tion, which might cause balance problems and disturbed
cervical proprioception.35 Falla et al36 have found that FHP
associated with prolonged sitting can aggravate neck pain
and further reduce the ability to maintain an upright pos-
ture. Another study37 reported a significant correlation
between head repositioning accuracy (HRA) and FHP and
trunk posture. Though a sound scientific rationale exists
regarding the possible impact of FHP on activation patterns
of neck muscles and cervicocephalic kinesthesia, there is
only scarce literature available. Moreover, cervicocephalic
kinesthesia seems to be associated with the craniovertebral
angle (CVA) in individuals with chronic neck pain38; how-
ever, this association remains unexplored in individuals
with FHP without neck pain.

In FHP, the upper trapezius compensates for weakened
cervical extensor muscles to support the weight of the
head,39 and the sternocleidomastoid for weakened cervical
flexors.40 The electromyographic activity of both muscles
has been found to increase during arm-lift activity in indi-
viduals with FHP.39 Limon et al41 have found that higher
activity of the upper trapezius changes the CVA, which fur-
ther affects the proprioceptive signals to the brain and leads
to head relocation errors in all movements of the head. In
addition, a recent study22 showed that muscle activity in
active postural control stimulates proprioception and
reduces muscle activity in FHP.

Therefore, considering the scarcity of literature evaluat-
ing muscle activation patterns and HRA in individuals with
and without FHP, the purpose of the present study was to
compare the electromyographic (EMG) activity of neck
muscles—the upper trapezius (UT) and sternocleidomas-
toid (SCM)—during rest and activity, along with changes
in cervicocephalic kinesthesia in individuals with and with-
out FHP. Secondarily, considering that there is a strong
interrelation between cervical spine function and pos-
ture42,43 that has not been sufficiently addressed in
individuals with FHP, the present study aimed to investi-
gate the correlation between cervicocephalic kinesthesia
and CVA. We hypothesized that EMG activity of the UT
and SCM muscles and cervicocephalic kinesthesia would
be significantly different in individuals with and without
FHP, and that there would be a significant association
between cervicocephalic kinesthesia and CVA. Findings
from this study could help fill the gap in the existing litera-
ture by providing empirical evidence regarding the muscle
imbalances and HRA disturbances associated with FHP,
which would be of extreme relevance for the prevention
and physiotherapeutic management of FHP.
TAGGEDH1MATERIALS AND METHODS TAGGEDEND

Participants
This study was conducted at Centre for Physiotherapy

and Rehabilitation Sciences (CPRS), Jamia Millia Islamia,
between February 2019 and May 2019. Forty-four individ-
uals with and without FHP (n = 22 in each group) were
recruited from CPRS based on the eligibility criteria. Indi-
viduals with FHP were required to have a CVA ≤53° with
no symptoms of neck pain. Individuals were excluded if
they had experienced, or were experiencing, 1 or more of
the following: history of traumatic neck injuries, inflamma-
tory joint disease, cervical spine infection, severe osteopo-
rosis, cervical spine disc protrusion, foramen nerve
blockage, cervical spine fracture or dislocation, cervical
surgery, severe migraine, vestibular disorders, or vertebro-
basilar insufficiency. The control group without FHP was
required to have CVA >53°.
Procedures
Ethical clearance was obtained from the Institutional

Ethics Committee, Jamia Millia Islamia, before recruiting
participants. Participants were recruited from the outpatient
department of the CPRS. After explaining the purpose and
procedures of the study, written informed consent (contain-
ing information on their rights as research subjects, proce-
dures, and benefits and harms of the study) was obtained
from all participants. The measurements were taken over a
period of 2 days. On day 1, CVA was measured, which
became the criterion to allocate participants into the FHP or
control group. On day 2, participants were assessed for
EMG activity of the UT and SCM muscles (during rest and
active abduction) and cervicocephalic kinesthesia by the
head repositioning accuracy test.

Craniovertebral-Angle Measurement. The CVA is the
angle, in a resting head position, between a horizontal line
passing through the spinous process of C7 and a line from
the spinous process of C7 through the tragus of the ear.
Anatomic locations of the C7 spinous process and the



Fig 1. Measurement of craniovertebral angle.

Table 1. Demographic Characteristics (M [SD]) of Individuals
With and Without Forward Head Posture

Characteristic With FHP (n = 22) Without FHP (n = 22) P

Age (y) 25.7 (2.59) 24.3 (2.19) .059

Height (cm) 164 (6.04) 160.2 (6.80) .06

Weight (kg) 64.9 (14.80) 62.1 (1.32) .48

BMI (kg/m2) 23.9 (4.99) 24.1 (3.99) .90

CVA (°) 50.9 (1.77) 67.4 (7.89) .01*

BMI, body mass index; CVA, craniovertebral angle; FHP, forward head
posture.
* Significant difference between groups.
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tragus of the ear were marked with a marker for measuring
CVA. For the neutral or resting head position, participants
were instructed to flex and extend the head 3 times and
then maintain the head in a comfortable neutral position.44

From this standing position, lateral-view digital pictures
were obtained (Fig 1). Then standing cervical posture was
measured with a highly reliable photogrammetric method45

and postural assessment software, which has been proven
to be a valid and reliable method for assessing FHP.46-48

The CVA formed at the intersection of a horizontal line
through the spinous process of C7 and a line to the tragus
of the ear was measured by the postural assessment soft-
ware.

Electromyographic Activity of UT and SCM Muscles. Skin
Preparation. The participant’s skin was prepared in a
standard manner before electrode application to minimize
electrical impedance. After the skin was cleaned and
abraded, bipolar surface electrodes (Ag/AgCl) were placed
over the UT and SCM muscles consistent with established
Surface Electromyography for the Non-Invasive Assess-
ment of Muscles guidelines.49

Electrode Placement. For the UT, 1 electrode was
placed 1 cm lateral from the midpoint of a line connecting
the acromion and spinous process of C7. A second electrode
was placed 2 cm laterally on the same line, and the reference
electrode was placed on the C7 spinous process. For the
SCM, electrodes were placed at the lower third of the line
connecting the sternal notch and mastoid process. The refer-
ence electrode was placed over the acromion process.50

Maximum Voluntary Isometric Contraction. For
maximum voluntary isometric contraction (MVIC) of
the UT, the participant was asked to perform a shoulder
shrug against resistance offered by the examiner. For
MVIC of the SCM, the participant was made to lie in a
supine position and asked to flex the neck against resis-
tance from the examiner on the forehead.51 These MVIC
tests were repeated 3 times for each muscle, and the
mean of the 3 tests was considered for further evalua-
tions. A rest period of 30 seconds was provided after
each MVIC effort.

Electromyographic Activity. Electromyographic sig-
nals were recorded and analyzed by an analog-to-digital
convertor (LabChart software, ADInstruments, Dunedin,
New Zealand). Data collected at a sampling rate of
1000 Hz were recorded with a combined preamplifier gain
of 100<&thinsp;>000 to 10 000 and a bandwidth of 20 to
450 Hz.52 The EMG activity of both UT and SCM muscles
was recorded at rest for 10 seconds when the participant
was in a relaxed sitting posture. In addition to resting EMG
activity, these muscles were assessed during movement,
specifically 120° of shoulder abduction for the UT in a
standing position and neck flexion in a supine position for
the SCM. The mean root-mean-square of 3 contractions
was taken for evaluation. The root-mean-square of EMG
signals recorded during rest and activity for both muscles
were obtained and normalized by their respective MVICs
to obtain muscle activity at rest and during activity in terms
of %MVIC.

Head Repositioning Accuracy Test for Cervicocephalic Kinesthesia.
An HRA test was used to evaluate the cervical position-
sense error value. The starting position was sitting, with a
neutral head resting position; then the helmet was placed
on the participant’s head and a laser pointer attached to it,
and the participant was asked to focus on a target posi-
tioned at eye level. The participant was instructed to close



Table 2. Comparison of Cervical Position-Sense Error (M [SD]) for Individuals With and Without Forward Head Posture

Movement With FHP (n = 22), cm Without FHP (n = 22), cm Mean Difference (95% CI) P

Flexion 8.6 (2.22) 5.1 (1.89) 3.50 (2.28, 4.72) .01*

Extension 9.3 (3.05) 4.4 (1.88) 4.90 (3.40, 6.40) .01*

Right rotation 9.4 (1.80) 5 (1.99) 4.40 (3.28, 5.52) .01*

Left rotation 9.6 (2.19) 5.3 (2.30) 4.30 (3.06, 5.54) .01*

Right side flexion 8 (1.89) 5 (1.90) 3.00 (1.88, 4.12) .01*

Left side flexion 8.5 (2.20) 5.1 (1.47) 2.90 (1.79, 4.01) .01*

CI, confidence interval; cm, centimeters; FHP, forward head posture.
* Significant difference between groups.
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his or her eyes as the target moved, and the beam of the
laser pointer was projected onto the target. This was the ref-
erence position, which the participant was asked to
Fig 2. Head repositioning error values during flexion (A), extension
left side flexion (F) in individuals with and without forward head pos
memorize. Then the participant was asked to perform com-
plete cervical flexion at his or her preferred speed within
comfortable limits, maintain it for 5 seconds, and return to
(B), right rotation (C), left rotation (D), right side flexion (E), and
ture.



Table 4. Comparison of Electromyographic Activity (%, M [SD]) of Upper Trapezius and Sternocleidomastoid Muscles During Activ-
ity Between Individuals With and Without Forward Head Posture

Muscle With FHP (n = 22) Without FHP (n = 22) Mean Difference (95% CI) P

Right UT 72.1 (4.47) 53 (5.89) 19.10 (16.01, 22.19) .01*

Left UT 74.8 (4.37) 56.4 (0.45) 18.40 (15.34, 21.46) .01*

Right SCM 83.6 (3.90) 58 (0.15) 25.60 (23.97, 27.23) .01*

Left SCM 75.8 (4.37) 56.4 (0.45) 19.40 (17.56, 21.24) .01*

CI, confidence interval; FHP, forward head posture; SCM, sternocleidomastoid; UT, upper trapezius.
* Significant difference between groups.
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the reference position as accurately as possible. When the
laser beam was projected after the return position, it was
marked with a dot. Three repetitions of the HRA to the ref-
erence point were used following the same procedure.53

After each test movement, the participant’s head was man-
ually adjusted back to the original starting position. Similar
procedures were adopted to assess extension, right and left
rotation, and right and left side flexion. The order of testing
for movements was kept random. Absolute error (AE), con-
stant error (CE), and variable error (VE) were calculated for
each movement using the following formulae54:
AE ¼ absolute raw error of trial 1ð Þ þ absolute raw error of trial 2ð Þ þ absolute raw error of trial 3ð Þ
3

CE ¼ raw error of trial 1ð Þ þ raw error of trial 2ð Þ þ raw error of trial 3ð Þ
3

VE ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
raw error of trial 1�CEð Þ2 þ raw error of trial 2�CEð Þ2 þ raw error of trial 3�CEð Þ2

3

s

TAGGEDH1STATISTICAL ANALYSIS TAGGEDEND

Statistical analysis was performed using SPSS software,
version 21. To test the normality of the data, the Shapiro−
Wilk test was used; variables which were found to be non-
normal (EMG and HRA data) were log-transformed
before further analysis. Demographic characteristics (such
as age, weight, height, and body mass index) and outcome
Table 3. Comparison of Electromyographic Activity (%, M [SD]) of
Between Individuals With and Without Forward Head Posture

Muscle With FHP (n = 22) Without FHP

Right UT 2.4 (0.83) 1.4 (1.16)

Left UT 2.6 (0.79) 1.9 (0.73)

Right SCM 2.2 (0.40) 1.7 (1.00)

Left SCM 2.4 (0.83) 1.9 (0.96)

CI, confidence interval; FHP, forward head posture; SCM, sternocleidomastoi
*Significant difference between groups.
variables—cervical position-sense error (for all cervical
spine motions) and muscle activity (right and left UT and
SCM) at rest and during activity—were compared between
the groups using an independent t test. Mean differences and
confidence intervals were calculated for each variable using
RevMan software (version 5.0). Before applying correlation
statistics, the assumption of linearity was examined by creat-
ing scatterplots. The Pearson’s correlation coefficient was
used to assess the degree of correlation between the CVA and
the error value of each joint position sense. Statistical signifi-
cance was set at P < .05. Data are presented as mean (SD).
TAGGEDH1RESULTS TAGGEDEND

Demographic characteristics of the participants are
shown in Table 1. The CVA was found to be significantly
smaller in the FHP group than the control group. All other
demographic characteristics were statistically similar
between the groups. Joint position-sense error values were
found to be significantly raised in participants with FHP as
Upper Trapezius and Sternocleidomastoid Muscles During Rest

(n = 22) Mean Difference (95% CI) P

1.00 (0.40, 1.60) .002*

0.70 (0.11, 1.29) .007*

0.50 (0.15, 0.85) .04*

0.50 (�0.03, 1.03) .04*

d; UT, upper trapezius.



Fig 3. Electromyographic activity (percentage of maximum voluntary isometric contraction) of right UT (A), left UT (B), right SCM
(C), and left SCM (D) during rest. SCM, sternocleidomastoid; UT, upper trapezius.

Fig 4. Electromyographic activity (percentage of maximum voluntary isometric contraction) of right UT (A), left UT (B), right SCM
(C), and left SCM (D) during activity. SCM, sternocleidomastoid; UT, upper trapezius.
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Fig 5. Scatterplots showing correlation between CVA and HRA (flexion, extension, right rotation, left rotation, right side flexion, and
left side flexion). CVA, craniovertebral angle; HRA, head repositioning accuracy.
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compared to those without FHP (P ˂ .05; Table 2, Fig 2).
The EMG activity of UT and SCM muscles was also found
to be significantly increased in the FHP group relative to
the control group (P < .05; Tables 3 and 4, Fig. 3 and 4).
Correlation analysis revealed a significant inverse correla-
tion between CVA and error values of position sense
(Fig 5): flexion (r =�0.60, P < .001), extension
(r =�0.65, P < .001), right rotation (r =�0.71, P < .001),
left rotation (r =�0.60, P < .001), right side flexion
(r =�0.63, P < .001), and left side flexion (r =�0.42,
P = .007).
TAGGEDH1DISCUSSION TAGGEDEND

The purpose of the present study was to compare EMG
activity of the neck muscles and cervicocephalic kinesthe-
sia between individuals with and without FHP and to
investigate the association between FHP and cervicoce-
phalic kinesthesia. Findings suggest that there is signifi-
cantly higher HRE in individuals with FHP as compared to
those with normal head posture, EMG activity of the UT
and SCM muscles (both at rest and during activity) is
higher in individuals with FHP as compared to those with
normal head posture, and there exists a significant inverse
correlation between cervical position-sense error values
and CVA.

One of the main findings of the present study showed
that HRA was significantly impaired in individuals with
FHP relative to those with normal head posture. These find-
ings are in accordance with previously published
research13,27,28,39,53,55-57 involving assessment of HRA in
individuals with various types of neck disorders. A study
by Reddy et al58 has demonstrated cervical proprioception
errors to be significantly larger in individuals with cervical
spondylosis and directly correlated with pain intensity.
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Another study59 has shown large head relocation errors in
flexion, extension, and right and left rotation in individuals
with chronic, nontraumatic cervical spine pain. Similarly,
Quartey et al60 also observed an absolute error in individu-
als with neck disorders compared with the healthy popula-
tion. Reasons behind these impairments could be
alterations in visual, proprioceptive, or labyrinthine signals
that contribute to the construction frame of reference used
for positioning of the head. Weon et al7 state that FHP
causes sustained cervical spine loading, which lead to
changes in the length−tension relationship of the anterior
and posterior muscles of the neck, capsuloligamentous
structures, and mechanoreceptors, in turn negatively influ-
encing the activity of muscle spindles considered important
for the head position sense.53 Another reason for this could
be that in EMG studies, individuals with FHP have been
shown to exhibit greater muscle fatigue and weakness of
both deep flexor and extensor muscles compared to individ-
uals with normal head posture.61 Therefore, a decrease in
muscle strength, a change in the muscle length−tension
relationship, or an increase in muscle fatigue may alter the
firing pattern of sensory receptors and therefore influence
afferent inputs that affect the proprioceptors. Individuals
with FHP utilize variable motor synergy strategies to relo-
cate the head to a neutral position, which might lead to the
higher error values obtained in the present study owing to
highly variable responses.62

In the present study, the EMG activity of the UT and
SCM muscles was found to be significantly increased in the
FHP group relative to the control group both at rest and dur-
ing activity. Forward head posture with rounded shoulders
due to adoption of poor sitting posture for longer durations
has been found to be common in the young population as a
result of prolonged use of smartphones and computers.63,64

Sitting with a forward head inclination involves a combina-
tion of lower cervical flexion, upper cervical extension, and
anterior shoulder position, leading to lengthening and weak-
ness of deep cervical flexors and shortening of deep cervical
extensors.40 Decreased activation of deep cervical flexors is
compensated by activation of superficial cervical flexors
such as the SCM65 and is related to increased activation of
the upper and lower trapezius. Therefore, these alterations
consequently increase muscle tension and stress at the neck
and shoulder during rest.18,66

In addition to this abnormal muscle activation pattern,
some other musculoskeletal abnormalities have been
reported with FHP, such as decreased scapular upward
rotation, increased internal rotation, and anterior tilting of
the scapula.18,66-69 To compensate for this abnormal mech-
anism, the coupling pattern of the upper trapezius and ser-
ratus anterior gets altered in a way that increases the
activity of the UT and reduces the activity of the serratus
anterior.69 Another study70 has reported more anteriorly
tilted shoulder joints, lesser serratus anterior muscle activ-
ity, and greater scapular internal rotation during shoulder
flexion by increased activity of the upper and lower trape-
zius in participants with FHP. Moreover, increased SCM
activity in FHP results from neck instability issues and
weakened cervical flexors.18

During functional activities, the forces that regulate the
kinematics of the scapula are primarily created by stabil-
izers such as the UT, lower trapezius, and serratus anterior.
Properly coupled motion of these muscles is necessary for
correct movement and is affected in FHP.68 Weon et al7

have observed significantly greater UT muscle activity and
decreased serratus anterior activity in individuals with FHP
as compared to those without during shoulder movement.
Another study22 reports increased UT, middle trapezius,
splenius, and SCM muscle activity. The alteration in mus-
cle activity observed in the present study and a previous
study7 could be attributed to the kinematic changes in scap-
ular motion that are seen in FHP and are linked to muscle
force disturbance.71 During activity of the neck and shoul-
der joint, the upward rotation of the scapula is controlled
by the coordinated efforts of the UT and levator scapulae
muscles. Forward head posture increases tension in muscle
which prohibits upward rotation of the scapula. As a com-
pensatory act, UT muscle activity may be further increased
in these subjects72 even at rest, as observed in the present
investigation. Moreover, we speculate that faulty FHP for
prolonged periods alters the length−tension relationship of
the neck muscles, which increases the stabilization
demands on the stabilizer muscles of the cervical spine;
when they are not able to meet these demands, they are
compensated by increased activity of the muscles around
the neck, such as the UT and SCM.

In accordance with Xu et al,39 increased activity of the
SCM and UT due to compensatory changes can be reduced
by giving real-time visual feedback for the correction of
FHP during the upper-extremity movement. Kim and Lee73

and Lee et al22 have shown that muscle activity in active
postural control stimulates proprioception and reduces
muscle activity. Further, Weon et al7 state that upper and
lower trapezius muscle activity is reduced when the head is
in a neutral position. Therefore, it could be assumed that
through improving the alignment of the head, excessive
activity of the superficial muscles can be prevented.

The present study also demonstrates a significant corre-
lation between HRA and CVA. Similar findings have been
observed by Lee et al,53 showing moderate correlations
between the CVA and position-sense error values, which
means that the more severe the FHP, the worse the HRE
also becomes. This may be due to the fact that FHP
changes the alignment of the cervical spine and the length
of the cervical muscles.53 It also produces extra loads on
the facet joints and the posterior capsule.74 Therefore, as a
result of the changed mechanical loads on the articular and
muscular structure, the afferent signals of mechanorecep-
tors and muscle spindles are affected negatively.75 Individ-
uals with FHP are characterized with extension in the
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upper cervical region and flexion in the lower cervical
region because of the malalignment in head posture.76 Sus-
tained poor head posture causes excessive joint and muscle
loading in the cervical region, which further has deleterious
effects on the strength of deep cervical muscles.3,20,28 Mus-
cle is considered as the main element for position sense
among all other structures located in the cervical region
because of the presence of kinesthetic receptors—that is,
muscle spindles—in them.77 Muscle spindles play an
important role in providing proprioceptive inputs, and even
a small movement requires adequate input from the muscle
spindles.78 Harman et al3 and Weon et al7 report that FHP
causes muscle imbalance, including shortening of the cervi-
cal extensors and lengthening of the cervical flexors, and
that because of these changes in the muscle, afferent input
from muscle spindles is disrupted, which probably affects
the joint position sense.79 The significant correlation
observed between CVA and head reposition error in the
present study points to the adverse effect of FHP on cervi-
cocephalic kinesthesia.
Limitations
Despite potential strengths, the present study suffers

from certain limitations. First, young individuals with
FHP were recruited, which limits the generalizability of
the results to the same population. Second, CVA was
measured by taking digital pictures rather than more
robust cephalometric radiographic analysis. And third,
although suboccipital muscles are of great relevance in
FHP, they were not assessed in the present study because
muscle spindles are highly developed in this region and
thus surface EMG would not be able to record the muscle
activity.
TAGGEDH1CONCLUSION TAGGEDEND

The findings of the present study suggest that cervicoce-
phalic kinesthesia and activation patterns of neck muscles
are significantly altered in individuals with FHP. Head
repositioning accuracy, which measures cervicocephalic
kinesthesia, is significantly reduced for all directions in
individuals with FHP, and EMG activity of neck muscles
—that is, the UT and SCM—is significantly elevated at
rest and during activity. Also, cervicocephalic kinesthesia
is significantly associated with the severity of FHP. These
observations indicate that HRA and muscular activity are
areas which should be focused on for individuals with FHP
for better prognosis.
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Practical Applications
� The findings of the present study suggest that
cervicocephalic kinesthesia and activation
patterns of neck muscles may be significantly
altered in individuals with forward head pos-
ture.

� Cervicocephalic kinesthesia is significantly
associated with the severity of forward head
posture.

� These observations suggest that head reposi-
tioning accuracy and muscular activity are
areas which should be focused in individuals
with forward head posture for better progno-
sis.
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