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Summary

Forward head posture (FHP) is considered to be
one of the most common postural disorders in the
spinal column. Recently studies have reported
impaired proprioception to be one of the results
of prolonged FHP. Studies have suggested that
vibration stimulus is capable of improving joint
proprioception. Thus the aim of this study was to
investigate the effects of one session of whole
body vibration (WBV) training in standing posi-
tion on cervical joint position sense in individuals
with FHP. Thirty (12 females and 18 males) indi-
viduals with FHP were randomly assigned to a vi-
bration (experimental) or non-vibration (control)
group. The vibration group experienced 5 sets of
WBYV while holding the head and neck in retrac-
tion. The non-vibration group held the same posi-
tion for the same time without any vibration. Four
target angles were established to assess the ab-
solute and constant joint position sense (JPS) er-
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rors for each individual. Results showed signifi-
cant reduction (P<0/05) in JPS absolute errors in
2 target angles in the vibration group when com-
pared to the non-vibration group. It was conclud-
ed that relative improvement in cervical JPS
could be achieved when adding additional senso-
ry input from WBV stimulus to the head and neck
retraction exercise.

KEY WORDS: whole body vibration, joint position sense,
forward head posture.

Introduction

Forward head posture (FHP) is considered to be one
of the most common postural disorders in the spinal
column’. Recently studies have reported impaired
proprioception to be one of the results of prolonged
FHP23. The cervical spine proprioceptive system is
responsible for head orientation in space and in rela-
tion to the trunk and it is known for its role in main-
taining head and neck stability4. Very high densities
of muscle spindles have been observed in the deep
layer of anterior and posterior craniocervical mus-
cles*. It has been suggested that muscle spindles
play the most important role in providing joint position
sense (JPS) information to the central nervous sys-
tem (CNS). The afferent input from other mechanore-
ceptors in joint structures play a complementary part
in providing proprioceptive information for the CNS.
Clinicians have investigated the effects of different
training protocols on proprioception acuity with the
aim of activating proprioceptive structures in the cer-
vical spine. Some of these rehabilitative programs
have shown to improve cervical proprioception while
others indicating no significant improvement38. Jull et
al. (2007) compared the effects of two proprioception
training exercises including eye-head-coordination
exercise which is designed to target deep sub occipi-
tal muscles and crania-cervical flexion exercise with
the aim of activating deep cervical flexors’. The re-
sults of this study indicated that both of these training
methods lead to improvement of JPS but there were
no significant difference in improving proprioception
between the methods. Furthermore the results of this
study implied that despite the training protocol, it
seems that the underlying mechanism responsible for
the observed effects on reposition acuity is related
mostly to the improvement of cervical afferent input
from the highly impacted muscle spindles in the deep
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cervical muscles. Our review of literature indicated
that studies regarding proprioceptive training have
been investigated mostly on patients suffering from
neck pain or whiplash injury and no previous study
has assessed the efficacy of a proprioception ap-
proach on individuals with forward head posture.
Whole body vibration (WBV) as an efficient neuro-
muscular training method for athletes and patients
has become popular over the last decades. However
there are some inconsistencies regarding the effects
of WBV. Some studies have reported fatigue and re-
duced cutaneous sensations to be the possible risks
of WBVS:9. The duration of the vibration stimulus
seems to play an important role in the development of
these complexities. On the other hand numerous
studies have reported beneficial adaptations as a re-
sult of repeated or acute exposure to WBV. Increased
bone density, muscle strength, power, flexibility, mo-
tor performance and balance are among the effects
of WBYV on different orthopedic aspects'?-13, Few
studies have suggested that vibration stimulus is ca-
pable of improving joint proprioception#'6, It has
been hypothesized that vibration is able to stimulate
the muscle spindles which results in altered motor
neuron excitability and reflex activation of muscles
known as tonic vibration reflex!7.

To date, studies regarding the effect of WBV on pro-
prioception have focused mostly on lower body joints.
There have been only few studies investigating the
effects of WBV on upper body joint proprioception,
with no study exploring the cervical region. However
there is only one published study which observed sig-
nificant increase in neuromuscular activity levels of
neck muscles during exposure to WBV'8, According
to the findings of this study, with specific vibration
settings, there is a great chance that vibration could
reach and effect the cervical region. Thus the aim of
this study was to investigate the effect of one session
of whole body vibration training in standing position
on cervical joint position sense in individuals with
FHP.

Material and method
Thirty (12 females and 18 males) individuals with

FHP, between the ages of 19 and 27 participated in
the study from the Rehabilitation School of Shahid

Table I. Participants’ demographics.

Beheshti University of Medical Science. They were
randomly assigned to either a vibration or non-vibra-
tion group (Tab. ).

Inclusion criteria for selecting individuals with FHP
were based on a craniovertebral angle (CVA) less
than 48 degrees’®. The CVA is the angle between the
horizontal line passing through C7 and a line
extending from the tragus of the ear to C71°. In order
to assess the head posture, subjects were asked to
stand in a self-selected upright postur'®. Markers
were placed on the skin overlying the spinous
process of the C7 and the tragus of the ear'®. A photo
was taken from the side view with the Galaxy Tab A
(SM-P555) camera. The CVA was calculated using
the ON 2D Measurement application on the Galaxy
Tab A (SM-P555) tablet. Other eligibility criteria for
selecting subjects were based on both the
contradiction criteria for WBV and cervical proprio-
ception examination, which included having no
history of neck pain, fracture, neuromuscular disor-
der, chronic headache, whiplash injury, thoracic
kyphosis and sway back, epilepsy, gallstone and kid-
ney stone, joint implants, balance disorders, cardio-
vascular diseases, recent wounds and inflammatio®.
Participants were instructed to avoid any caffeine,
sleeping pills or any drug that stimulates the central
nervous system 48 hours before the test. In order to
avoid the effect of fatigue, they were reminded not to
do any hard work out prior to the examination. The
procedure and purpose of the study were explained
to the individuals and all of them signed a written
consent form prior to the test. This study was ap-
proved by Ethics Committee Board of the Faculty of
Rehabilitation of Shahid Behetshi University of Med-
ical Science.

Joint position sense testing

Cervical JPS was assessed with the cervical range of
motion instrument (CROM 3 Deluxe, Performance At-
tainment Associates manufacture, USA) by utilizing
an active reproduction of active positioning. The JPS
testing protocol contained relocation of 4 target an-
gles which were selected randomly for each subject.
50% of flexion range of motion (ROM), 50% of exten-
sion ROM, adapted head posture (AHP) and correct-
ed head posture (CHP) were the selected target an-
gles. The AHP was defined as the subject’s habitual
posture when sitting in the upright position. The CHP

Group Vibration Non-vibration

Number of participants 15 15

gender 9 males 12 females 9 males 12 females

Age (year) 20.80+2.14 22+2.13

Height (cm) 174.60+9.99 170+9.30

Weight (kg) 71.80+17.25 68.53+16.23
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in this study was the ability of the subjects to repro-
duce the CVA of 50 degrees. To begin testing, sub-
jects were seated with their lumbar and lower thoracic
region supported by the back of the chair. In order to
determine their target angle, subjects were asked to
lean back comfortably, look forward and keep their
head and neck in their habitual self- selected position.
The examiner then recorded the angle showing on the
device as their AHP. Next they were instructed to first
perform a retraction of the head and neck and then
bend their head and neck forward and backward as far
as possible and again the examiner recorded their flex-
ion and extension ROM. This procedure was repeated
3 times. After establishing the target angles, subjects
were asked to close their eyes. For each target angle
they had to slowly and actively move their head to-
wards the target angle. With the verbal command of
the therapist they noticed they had reached the target
angle. Then they were asked to focus on it and memo-
rized it for 10 seconds and with the instruction of the
examiner actively relocate the target angle. In order to
relocate the 50 degrees of the CVA they were instruct-
ed to do a head retraction which is the corrected head
posture. In order for the participants to fully establish
the posture they were asked to tuck their chin down,
left up the back of the head and slide the head back-
ward as if closing a file drawer. The aim was to enable
the posterior translation of the head in the sagittal
plane with zero sagittal rotation. This was the same in-
struction given to the participants later on while stand-
ing on the WBV platform. At the same time the partici-
pants were trying to establish the CHP the examiner
monitored their CVA in real time with the use of the ON
2D Measurement application on the Galaxy tablet.
When the subjects reached the 50 degrees of CVA,
they were asked to hold and memorize it for 10 sec-
onds and then relocate it. The purpose of choosing to
relocate the CVA of 50 degrees was that, this angle is
considered to be the normal and neutral posture of the
head and neck'®. Each relocation trial was repeated 6
times and the mean absolute and constant JPS errors
were calculated for each target angle.

Whole body vibration training protocol

After recording the baseline variables, the partici-
pants were instructed to stand on the vibration plat-
form bare footed and distribute their weight evenly on
both feet. Next they were asked to do a head and
neck retraction while looking forward with their knees
at 30 degrees of flexion20. In order to prevent fatigue
in the subjects cervical area due to holding their head
and neck in retraction, they were asked to hold this
position for 15 seconds then rest for 5 seconds. Since
each set lasted 60 second this allowed the subjects
to do 3 retractions in each set. In total each subject
performed 15 retractions during the training. The vi-
bration group experienced vertical vibration at a fre-
quency and amplitude of 30 Hz and 4 mm during the
sets and the non-vibration group maintained their giv-
en position without vibration®. Immediately after the
intervention, the same JPS testing from the baseline
was performed and the difference between the mean
of the variables were analyzed.

Data analysis

All statistical analysis were performed using the
SPSS 18.0 software. A Kolmograph-Smirnov (K-S)
test was used to determine the normality of each vari-
able. An independent t-test was used to compare the
mean of constant and absolute errors between the
groups. Alpha was set at 0.05.

Result

The entire data regarding the joint position sense
testing is shown in Table Il and Figures 1, 2. Al-
though the vibration group in most angles showed
better results at repositioning the target angles, the
independent t-test revealed no significant difference
for constant errors between the vibration and non-vi-
bration group. However the absolute errors of repo-
sitioning the AHP (p=0.04) and the 50% of extension
ROM (p=0.001) were significantly less in the vibra-
tion group compared to the non-vibration group.

Table Il. Joint position sense constant errors in the vibration and non-vibration groups (mean * standard devia-

tion).

Target angle Vibration Non-vibration P

(degree) N=15 N=15 value

AHP Pre test 1.50+2.85 3.90+1.19 0.49
Post test 1.34+1.78 -0.23+3.18

CHP Pre test 1.53+2.85 3.16+1.57 0.09
Post test 1.45+3.89 3.20+1.36

50% of flexion ROM Pre test 1.30+2.30 -0.41+2.95 0.11
Post test 2.14+2.67 0.26+3.29

50% of extension ROM Pre test 1.82+2.95 1.17+3.75 0.98
Post test 1.57+1.14 1.03+5.01
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vibration group
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Figure 1. Mean + SD of absolute repositioning errors pre and post treatment in 4 target angles. The decrease in absolute er-
rors in the adapted head posture (AHP) and the 50% of extension ROM target angles were associated with a significant
change (P<0.05). CHP, Corrected Head Posture; AHP, Adapted head posture.
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Figure 2. The mean + SD of absolute repositioning errors pre and post treatment in the non-vibration group. There was no
significant change in the absolute errors of the 4 target angles in the non-vibration group (P>0.05). CHP, Corrected Head

Posture; AHP, Adapted head posture.

Discussion

This is the first study to investigate the effect of WBV
on head and neck joint position sense. We found that
in individuals with FHP, 5 minute exposure to WBYV,
had significant effects on JPS accuracy in some tar-
get angles. AHP and 50% of extension ROM target
angles were the most responsive to WBV. The results
observed in this study are consistent with the findings
demonstrated in some previous studies. Both
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Fontana et al. (2005) and Tripp et al. (2009) investi-
gated the immediate effects of WBV on lumbosacral
and elbow joint position sense and observed en-
hancement of JPS acuity'#16. Lee et al. (2013) mea-
sured the repositioning error of the lumbar neutral up-
right posture and also monitored the coordination be-
tween the pelvic and lumbar spine during a functional
reached test after short exposure to WBV'5. Their re-
sults indicated that WBV had some effects on reposi-
tioning acuity since the decrease observed in JPS er-
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rors was not statistically significant. However the sig-
nificant improvement in lumbo-pelvic coordination
during the functional reach test was an indicator of
improved proprioception in dynamic motion.

There have been some explanations for the underly-
ing mechanism by which WBV can effect neuromus-
cular responses. Changes induced by the vibration
within the muscles alters the intrafusal fiber tension
leading to la-afferent stimulation which results in re-
flex contraction of the muscles'”:11.

Tonic vibration reflex through activation of poly syna-
ptic pathways and muscle spindles can increase the
recruitment of motor unites along with agonist and
antagonist coactivation'”1. Altogether these re-
sponses could result in increased muscle stiffness
and activity which are known to have a positive effect
on joint proprioception.

However some previous studies found little or no ef-
fects regarding the acute effects of WBV on proprio-
ception. Pollack et al. (2011) investigated the effect of
WBYV on knee and ankle joint position sense on
healthy individuals and there results showed no
meaningful changes afterwards®. The results of Hong
et al. (2010) also revealed that acute bouts of shoul-
der WBV in a push up position had no significant ef-
fects on JPS acuity in healthy individuals?'.

Studies mentioned having contrasting results with the
present study have involved healthy people without
any known pathologies or postural impairments.
Whereas in the present study we included individuals
with postural defect and associated proprioceptive
impairment which has been mentioned by other stud-
ies?3. Improvements in knee joint position sense in
people with ligament injuries and enhancement in
movement detection threshold in those with knee
arthritis have been reported by other studies after re-
peated exposure to WBV'2.13, This supports the pos-
sibility of greater effects of WBV on proprioception in
individuals with known proprioception impairments.
Also the contrasting findings of these studies may be
explained by the use of different vibration settings
(amplitude and frequency) and holding a relaxed or
static posture or performing dynamic exercises while
experiencing WBV20,

Regarding the effects of different types of contraction
on neuromuscular activation during WBV, Abercrom-
by et al. (2007) observed the greatest neuromuscular
response during isometric and concentric contrac-
tions20. Any change in the muscle’s length during vol-
untary muscle contraction increases the la afferent
sensitivity by altering the intrafusal fiber tensions.
Other studies have also mentioned that increased
muscle pre-activation may lead to greater responses
to WBV22, In the study done by Pollack et al. (2011)
on knee and ankle JPS the subjects were asked to
stand on the vibration platform with their knees being
straight without any degrees of knee flexion®. The
subjects in the study of Lee et al. (2013) were also in-
structed to stand in there relaxed upright position on
the WBYV platform without performing any kind of lum-
bar activity during vibration'5. Whereas in the present
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study we added neck retraction during WBV, which is
the flexion of the upper cervical and extension of the
lower cervical segments23. This exercise is known to
strengthen deep neck flexors and stretch the upper
cervical extensors. Both of these groups of muscles
are highly impacted by muscle spindles and their
weakness and length imbalance in individuals with
forward head posture has been reported by other
studies?*. These muscles are also responsible for the
head and cervical stability. In the present study the
subject’s ability to identify the 50% of extension and
flexion ROM target angles improved after WBV but
was only significant in the extension target angle. The
suboccipital, splenius and semi splenius muscles are
mostly responsible for carnio-cervical extension25. In
the study done by Perchthaler et al. (2015) significant
increase in the EMG activity of upper erector spine
muscles and splenius muscle during WBV were indi-
cated'®. The overall JPS error decreased in the CHP
and AHP target angles following WBV, but was only
significant in the AHP target angle. This finding im-
plies that vibration together with the use of head and
neck retraction may be beneficial for the better identi-
fication of the CNS of the cervical joint positions.
However since the CHP seems to be unfamiliar for
the CNS and since forward head posture has been
present for a long time, WBV had the most effect on
the AHP target angle. Further sessions of training
may be needed to give a clearer picture of the CHP
to the CNS.

As in all studies, the present study had a few limita-
tions and recommends new areas for future investi-
gations. In the present study we examined the imme-
diate effects of WBV on cervical JPS. However the
effects of more training sessions should be taken in
to consideration as well. Additionally, the individuals
only experienced WBV in the standing position.
Therefore the effects of different body positions
should be investigated as different results may be ob-
tained regarding cervical proprioception.

Conclusion

The findings of this study suggest that relative im-
provement in cervical JPS can be achieved when
adding additional sensory input from WBYV stimulus to
the head and neck retraction exercise.
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