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Abstract

craniovertebral angle (CVA) and hand grip strength.

Background: Forward head and rounded shoulder posture (FHRSP) is a common clinical postural misalignment. It
leads to flexion posture of the spine which increases the amount of tension on the nerve roots, which inversely
affects muscle strength and function of the upper extremity. So, this study was conducted to examine the effect of
FHRSP on hand grip strength in asymptomatic young adults and to explore the relationship between the

Results: There was no significant difference in hand grip strength between the groups (p = 0.812). There was no
correlation between the CVA and right and left hand grip of the normal group (p = 0.840, 0.816 respectively), rounded
shoulder posture (RSP) group (p = 0.523, 0.650 respectively), and FHRSP group (p = 0.855, 0.736 respectively). Regarding
the right and left hand grip strength, there was no significant difference between the groups (p = 0.798, 0.826
respectively). The right hand grip strength was significantly higher than the left hand for all groups (p = 0.001).

Conclusion: This study displayed that hand grip strength was not affected by FHRSP nor RSP in asymptomatic young
adults. Moreover, the degree of the CVA was not associated with an inverse effect on hand grip strength.

Keywords: Craniovertebral angle, Forward head posture, Hand grip strength, Rounded shoulder posture

Background

Using personal computers and smartphones leads to
sustained and frequent periods of sitting behind moni-
tors and visual display terminal syndrome. Cumulative
trauma disorder caused by maintaining the same posture
for long periods of time is the expected outcome for
these risk factors [1]. One of the common clinical pos-
tural misalignments is the forward head and rounded
shoulder posture (FHRSP) [2]. The prevalence of for-
ward head posture (FHP) and rounded shoulder posture
(RSP) in a group of 20—50-year-old healthy subjects was
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reported as 66% had a FHP, 73% had a right RSP, and
66% had a left RSP [3].

The prevalence of common faulty postures among ado-
lescents showed that the most common faulty posture was
uneven shoulder level (36%), followed by forward head pos-
ture (FHP) (25%) [4]. The FHP is prevalent also among uni-
versity students, and it is associated with shoulder rolling
[5]. More than 80% of patients with myofascial pain syn-
drome have FHP and rounded shoulder posture (RSP) [6].

There was an increased extension of the atlanto-
occipital joint and the upper cervical vertebrae associ-
ated with flexion of the lower cervical and upper
thoracic vertebrae in subjects with FHP [7]. Biomechan-
ically, during flexion of the spine, there is an increase in
the amount of tension on the nerve roots, which affects
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muscle strength [8]. Flexion of any part of the spine may
put axial tension on the nerve roots [9]. RSP is charac-
terized by a protruded acromion process of the shoulder
joint in relation to the line of gravity; it causes stooped
posture with elevation, protraction, and downward rota-
tion of the scapula. Moreover, the angle between the
lower neck bone and the upper spine increases [10]. It
shortens and changes the function of the pectoralis
minor muscle. Moreover, it had an increased incidence
of inter-scapular and cervical pain [11].

The cervical dysfunctions that appear in the youth stage
are only a result of exposure to the use of smartphones for
a long time in childhood. So, the American Academy of
Pediatrics in 2014 recommended parents to limit children
between 6 and 18 years to use digital media no more than
2 h a day [12]. Therefore, age was considered as the main
cause of the changeability in stiffness, elasticity, and alter-
ation of the mechanical parameters of the cervical region
[13]. Therefore, people who do not presently experience
clear musculoskeletal symptoms may show symptoms
later if they extendedly used smartphones.

Sleeping with the head elevated too high and extended
use of computers and smartphones are the factors re-
sponsible for FHRSP development [14]. FHRSP is associ-
ated with changes in the scapular positions, kinematics,
and muscle activities that consequently increase muscle
tension and strain around the neck and shoulders, caus-
ing various neuromuscular symptoms that affect the
upper body [15]. Normally, during hand functions, prox-
imal stability is provided by the pre-scapular muscles
[16]. In FHRSP, the proximal stability around the shoul-
der complex is negatively affected by disturbance of the
scapulohumeral rhythm which may negatively affect the
rotator cuff muscles which provide the dynamic prox-
imal stability of the shoulder joint [17, 18].

Hand grip strength results from the combined con-
traction of extrinsic and intrinsic hand muscles; this
leads to flexion of the hand joints [18]. The body and
upper limb positions can affect its strength [19, 20]. The
grip strength measurement has been a non-invasive
marker of muscle strength of the upper extremities [21]
and is a widely accepted indicator of functional integrity
of the upper extremity [8]. So, the appropriate scapular
position improves the upper limb function [16].

There is a correlation between the FHP severity, cra-
niovertebral angle (CVA), and neck disability indicators.
It was reported that the degree of FHP depends on the
CVA, which can be used as a significant indicator of
neck functional disability [10, 22]. Moreover, there was a
moderate to good negative correlation between CVA
and neck pain in young adults [23].

However, most of the earlier researches have been limited
to the evaluation of the functional level and muscular
strength and activity in subjects with FHP, discovering how
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much the movement and pain influence patients with FHP
[24-27] or is it feasible to use the CVA to predict the inci-
dence of pain [28]. To date, there was no study examining
the effect of FHP and RSP on hand grip strength. So, this
study was conducted to examine the consequence of
FHRSP on hand grip strength in asymptomatic young
adults and to explore the relationship between the CVA
and hand grip strength.

Methods

This study was designed as an observational cross-
sectional study. The study was carried out in agreement
with the values of the Helsinki Declaration and was ap-
proved by the ethical committee of the Faculty of Phys-
ical Therapy, Cairo University (P.T.REC/012/001881). It
was conducted between May and July 2018.

A random sample of three hundred and thirty-five par-
ticipants was recruited using publically distributed post-
ers and online social media and by verbal invitation
from the undergraduate students of Faculty of Physical
Therapy, Cairo University. They were screened for their
eligibility to participate in the study. Only one hundred
two right-handed participants of both genders were
found meeting the inclusion criteria [age ranged from 19
to 24 years and have normal body mass index (BMI <
25)] and enrolled in this study (Fig. 1) after signing an
informed consent. They were excluded if they had cer-
vical radiculopathy; previous surgery in the upper limb,
hand, and neck; carpal tunnel syndrome; rheumatoid
arthritis; and hand deformities and if they were athletes.

While CVA is considered as a valid and reliable assess-
ment method to assess FHP [29], the participants were
assigned into three groups according to deformity type;
group A consisted of 30 participants with normal posture
(CVA >50 and distance from the posterior acromion to
the table < 2.5 cm), group B consisted of 34 participants
with RSP (CVA > 50 and distance from the posterior acro-
mion to the table > 2.5 cm), and group C consisted of 38
participants with FHRSP (CVA <50 and distance from
the posterior acromion to the table > 2.5 cm).

Procedure

Measurements of the craniovertebral angle

For the measurement of the FHP, the CVA was mea-
sured using the photogrammetric method. The intra-
rater and inter-rater evaluations of photogrammetry
findings of the cervical spine standing sagittal posture
were found to be reliable [30, 31]. The CVA lies between
a horizontal line through the spinous process of the 7th
cervical vertebrae and a line that passes through the tra-
gus of the ear. It was assessed while the subject assum-
ing a standing position, and a lateral view picture was
taken from the dominant side by a digital camera [30]
[Panasonic, Lumix, DMC-FZ5, Panasonic Inc., Japan,
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[
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e

]

Assessment of bilateral hand grip

Data analyzed by using Two-way ANOVA
Cormrelation examined by Pearson’s product moment correlations

Fig. 1 The participants’ flow chart

with a 35-mm lens and x 12 optical zoom and a built-in
flash] that was placed on a tripod 1.5m away from the
subject and its base was adjusted at the subject’s shoul-
der level. Three measurements were taken; then, the
numbers were averaged [10]. The photos were analyzed
by using the Surgimap software [32].

Measurement of the rounded shoulder posture

RSP was measured using the supine method. Participants
were asked to lie in a supine position on a standard treat-
ment plinth and assumed their natural relaxed posture
with their arms on both sides and the elbows were flexed
and rested against the lateral side of the abdomen. Then,
the examiner measured the linear distance from the pos-
terior aspect of the acromion process to the table by using
a rigid plastic transparent right angle triangle. If the dis-
tance was >2.5cm, it means the participants have RSP
[33]. Three measurements were registered; then, the aver-
age value was recorded [10].

Hand grip strength assessment

Hand grip strength of both hands was measured using
the Jamar handheld dynamometer (serial number 1-800-
323-5547; SAMMONS PRESTON Company, Leicester,

England). Participants were seated on a standard height
chair without armrests with the shoulder adducted and
neutrally rotated, elbow flexed 90°, forearm in a neutral
position, and the wrist in 0 and 30° extension and 0 and
15° ulnar deviation, which was measured by using a uni-
versal goniometer. The participants were asked to
squeeze their hands on the dynamometer handle accord-
ing to the following verbal orders (i.e., “one, two, three,
squeeze... harder... harder...”). They were randomly
assigned during testing the right or left hand by using a
coin tossing. Three measurements of hand grip strength
were registered for each hand; then, the average value
was recorded [34], with a 1-min rest between the mea-
surements to avoid fatigue [35].

Sample size and data analysis

Statistical Package for Social Sciences (SPSS) for Win-
dows, version 23 (SPSS, Inc., Chicago, IL), was used to
analyze the outcome measures. The sample size estima-
tion was determined by using the statistical power ana-
lysis, which was based on the data from a pilot study
conducted on 7 subjects, comparing the hand grip
strength of both hands between three study groups. The
effect size (ES) was 0.3, which was considered a medium
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effect by using Cohen’s criteria [36], with power = 0.80
and an alpha = 0.05. The planned sample size required
with this ES (G Power 3.1 or other software) was approxi-
mately 66 participants for the simplest between/within-
group comparison. Thus, our suggested sample size of
102 participants was more than enough to conduct the
current study.

Preliminary assumption checking revealed that data
was normally distributed with no outliers and did not
violate the parametric assumption for the tested vari-
ables. The current study involved the handgrip strength
as a dependent variable that was measured at two inde-
pendent variables (tested group), between-subject factor
which had three levels (group A represents the normal
posture group, group B represents the RSP group, and
group C represents the FHRSP group), and the side,
within-subject factor which had two levels (right and left
sides). Accordingly, a two-way analysis of variance
(ANOVA) was used to evaluate the hand grip strength
of both body sides of the three tested groups. Then,
Pearson’s product-moment correlation was used to ex-
plore the relationships between CVA and hand grip
strength. The source of differences was determined by
using the least significant difference test with the signifi-
cance level was set at 0.05 for all tests.

Results

As indicated by the one-way ANOVA, there were no signifi-
cant differences (p > 0.05) in the mean values of age, body
mass, and height among the three tested groups. Chi-square
revealed there were no significant differences among the
three groups in sex distribution (p > 0.05) (Table 1).

There were no significant effects of the tested group
on the hand grip strength (F = 0.209, p = 0.812, partial
#* = 0.004). In addition, there were significant effects of
side (the second independent variable) on the hand grip
strength (F = 64.488, p = 0.0001%, partial #* = 0.394)
within the groups. Also, the interaction between the two
independent variables was not significant, which indicates
that the effect of the tested group (first independent
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variable) on the hand grip strength was not influenced by
the side (second independent variable) (F = 0.206, p =
0.814, partial #* = 0.004) (Table 2).

Multiple pairwise comparison tests were conducted by
using the Tamhane post hoc test; the sample groups were
not of equal number which revealed that there was no sig-
nificant difference in the mean values at the left nor right
side between each pair of the three groups (Table 3).

There was no correlation between the CVA and the
right and left hand grip strength of the normal group
(p = 0.840, 0.816 respectively), RSP group (p = 0.523,
0.650 respectively), and FHRSP group (p = 0.855,
0.736 respectively) as shown in Table 4.

Discussion

There was no research report about the effect of FHRSP
on hand grip strength and the relationship between FHP
and grip strength in a group of asymptomatic young
adults. The results showed that there was no significant
difference in hand grip strength among the three groups
that may be attributed to several factors. Firstly, the par-
ticipants were young asymptomatic, and the postural de-
formity was not severe enough to induce distal changes;
this cause may also explain the lack of correlation be-
tween the FHP and grip strength. Secondly, they have
not been exposed to long working hours yet. Thirdly,
the participants’ age is still young until the negative ef-
fects of RSP and FHRSP are shown.

It is noticed that the FHRSP did not affect the hand
grip strength, and there was no correlation between the
value of CVA, which represents the FHP, and grip
strength that was supported by Zafar and Alghadir [37]
who measured the hand grip strength by using a hand-
held dynamometer with nearly the same age group and
concluded that there was no effect of head and neck po-
sitions on hand grip strength in healthy young adults.
Furthermore, their findings agreed with Wong et al. [38]
who found that there was no effect of head and neck po-
sitions on the strength of the elbow and hand muscle.

Table 1 Descriptive characteristics for all dependent variables for each group

Outcomes Normal group, n = 30 RSP group, n = 34 FHRSP group, n = 38 p value
Age, years 2133+ 1.17 2056 + 144 2079 £ 1.38 0.208
Height, cm 165.57 + 8.27 16718 £ 11.14 16853 + 854 0.440
Weight, kg 5920+ 7.70 62.12 +9.86 64.00 + 8.10 0.079
BMI, kg/m? 2153 £ 165 2210 £ 157 2245+ 163 0.071
Sex, male/female 16/14 17/17 18/20 0.891
CVA, degrees 5520+ 278 5409 + 2.58 47.03 £ 242 0.001%
Rounded shoulder angle, degrees 240 £ 030 417 £ 082 4.18 £ 0.89 0.001*

Data are presented as mean + standard deviation

BMI body mass index, RSP rounded shoulder posture, FHRSP forward head and rounded shoulder posture

*Significant at p < 0.05
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Table 2 The effect of hand side on hand grip strength (kg)

Outcomes Normal group, n = 30 RSP group, n = 34 FHRSP group, n = 38 p value
Right hand 30.13 £9.79 30.99 = 10.67 2943 £ 9.06 0.798
Left hand 2755 +9.83 2867 +10.14 2731 £ 941 0.826
p value 0.001 0.001 0.001

Data are presented as mean + standard deviation

RSP rounded shoulder posture, FHRSP forward head and rounded shoulder posture

*Significant at p < 0.05

The current results were supported by the findings of
Sawyer [39] who did not found a significant difference in
the strength of serratus anterior, posterior deltoid, infra-
spinatus, teres minor, and lower trapezius muscles be-
tween the FHRSP group and the normal posture group.
This indicates that the proximal shoulder muscle
strength was not affected by FHRSP and indirectly does
not affect the distal hand muscles reflected by hand grip
strength. Furthermore, these results could be explained
by Talati et al. [40] who concluded that there is no sig-
nificant association between FHP, thoracic kyphosis, and
lumbar lordosis in normal adults aged 18-35 years,
which supports the absence of correlation between the
CVA and hand grip strength weakness.

The thoracic hyperkyphosis results in the protraction
of the scapulae [16] that can negatively affect the length-
tension relationship of the rotator cuff and threaten the
proximal stability of the arm [17] which decreases the
upper limb function, and may indirectly affect grip
strength. These results come against the finding of the
present study that may be caused by applying the study
on young adults who did not suffer from long working
hours and who are not yet suffering from pain or any
degenerative changes.

The present results are explained not only mechanically
but also physiologically by the findings of Samaan et al.
[41] who assess the effect of prolonged smartphone use
on the cervical spine, hand grip strength, and median and
ulnar nerve conduction velocities of the forearm in adoles-
cent (14 to 18years). Although they showed significant
differences only in the conduction velocity of the ulnar
nerve, there was no significant difference in hand grip
strength between adolescent children who use smart-
phones less than 4 h/day and others who use smartphones
more than 4 h/day. Moreover, prolonged use of smart-
phones increased the FHP and neck pain.

The hand grip strength was not influenced in
asymptomatic young adults with RSP, which agreed with
DiVetal et al. [42] who examined relaxed standing scapular

positioning in healthy individuals. They found that there was
no relationship between scapular positioning (scapular ab-
duction) and strength of middle trapezius and pectoralis
minor muscle strength. This means that the position of the
scapula does not affect the strength of the muscles around
the scapulae which are considered as proximal stabilizers of
the shoulder (where their action is very important during
hand gripping) so the hand grip will not be affected, which is
supported by the finding of Kim and Kim [10] who con-
cluded that the increased FHP did not develop RSP.

In addition, this result concurs with Smith et al. [43]
who found that scapular protraction or retraction re-
sulted in a significant reduction in isometric shoulder
elevation strength. There is a reduction in shoulder ele-
vation strength in either position of scapulae, which
means that scapular position does not affect shoulder
elevation strength and finally no effect on the hand grip
strength. Moreover, these findings are coincident with
the lack of association between CVA and hand grip
strength of the current study.

It is noticed that the dominant hand grip strength was
higher than the non-dominant hand in all groups, which
could be explained by the findings of Incel et al. [44] who
stated that the dominant hand grip strength was stronger
than the left hand in right-handed subjects. They explained
that by using the dominant hand in handling objects and ac-
tivities of daily living. Moreover, Han et al. [45] reported that
the right hand grip strength was 5-6% higher than the left
hand grip strength in right-handed subjects.

Amin et al. [8] found that changing the neck position
affected the hand grip strength in males and females
with the highest grip strength obtained at the neutral
position of the neck which is inconsistent with the
current findings. This controversy may be due to the
complete range of neck flexion assumed intentionally by
the subjects in their study, while in our study, the sub-
ject had FHRSP with upper cervical spine extension and
lower cervical spine flexion that may cause the tension
on the nerve roots, muscles, and soft tissues.

Table 3 Multiple pairwise comparison tests (post hoc tests) for the hand grip strength among different groups at both sides

Group A vs. group B

Group A vs. group C Group B vs. group C

Right side
Left side 0.98

p value 0.99

0.98 0.98
0.99 0.99

*Significant at p < 0.05
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Table 4 Correlation between the CVA (degrees) and hand grip strength (kg)

Normal group, r (p)

RSP group, r (p) FHRSP group, r (p)

0.039 (0.840)
0.044 (0.816)

CVA Right hand
Left hand

—0.114 (0.523)
—0.081 (0.650)

0.031 (0.855)
0.056 (0.736)

r Pearson’s correlation coefficient, RSP rounded shoulder posture, FHRSP forward head and rounded shoulder posture

*Significant at p < 0.05

Moreover, the results of this study were in contrast
with Ebram [46] who reported that the most discomfort,
the greatest activity of the neck muscles (sternocleido-
mastoid-upper trapezius-erector spinae), and the least
hand grip strength were found in the non-neutral and
loaded position of the head and neck. This may be at-
tributed to that the measurement position was totally
different from the present study, and their subjects as-
sumed full neck flexion with head loading. Furthermore,
the current results disagreed with Yang et al. [47] who
concluded that adjustment of the ideal position of the
scapula improved the activity of the muscles surround-
ing the shoulder joint and increased hand grip strength.
This contradiction may be caused by using small sample
size, difference in measurement procedure, and conduc-
tion of their study on female subjects only.

The lack of correlation between the CVA and hand grip
strength was consistent with the recent findings of Mosa
[48] who concluded that there was no significant associ-
ation between the severity of FHP, as measured by the cra-
niovertebral angle, and upper limb anthropometry
including the total upper limb, upper arm, forearm, and
hand length in addition to mid-arm circumference in
forty-one asymptomatic subjects with FHP. Moreover,
there was no association between the CVA in female stu-
dents with FHP and the value of the neck disability index
[49]. However, there was a significant negative correlation
between the CVA and flexion and extension position
sense error in subjects with FHP [50]. The participants of
the current study were asymptomatic patients which may
be the cause of this controversy, and the degree of CVA
was not enough to produce distal affections. Mateen et al.
[51] cannot find a cause and effect relationship between
CVA and pain of the cervical spine, and functional status
of patients with carpal tunnel syndrome.

There are some limitations of the current study; there
were few studies concerning the scope of the current
study to compare the present results with them. So, fur-
ther research is needed to study the effect of FHP and
RSP on grip strength in symptomatic patients. Also,
more studies should be conducted on older subjects as
there is an inverse relationship between age and CVA
[13]. Finally, the hand strength was only assessed by the
hand grip strength without consideration of the thumb
strength. Moreover, there was no measurement of the
upper extremity physical functions or strength of more
proximal joints in asymptomatic young adults with FHP

and RSP, which may provide clinicians and researchers
therapeutic tools to reduce the possibility of further
upper extremity musculoskeletal complains such as neck
pain, cervicogenic headache, carpal tunnel syndrome,
and impingement syndrome.

Conclusion

This study displayed that both RSP and FHRSP have no
effect on hand grip strength in asymptomatic young
adults. Moreover, the RSP and FHRSP were not associated
with an inverse effect on the hand grip strength. Further
research investigating the strength of hand grip in symp-
tomatic patients with FHP and RSP may have significant
implications in preventing the secondary distal affections.
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