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Background. Teaching is one of the professions where incidence and prevalence of neck pain is high. Prolonged use of computers,
which has further increased due to online teaching amid pandemic, is known to cause neck pain and alter posture, while people with
forward head posture (FHP) are prone to develop neck pain and related disability. Research has shown that impairment of deep
cervical flexor (DCF) muscles leads to insufficiency in coordination, activation, overload, and poor support on cervical
structures that further lead to development of neck pain and altered neck posture. The objective of this study was to see the
effect of DCF muscle training using pressure biofeedback on pain and FHP in school teachers with neck pain. Methods. This
observational study was conducted at medical center in school premises. Fifty-five school teachers aged between 25 and 40 years
with experience of more than 5 years were invited to participate in this study. Subjects were divided in two groups. Both the
groups received conventional exercises while in experimental group DCF muscle training using pressure biofeedback was given
additionally. Pain and FHP were assessed using NPRS and cranio-vertebral angle using digital photograph technique, respectively,
at baseline and end of four weeks of treatment. Results. Although pain and FHP improved in both the groups, mean improvement
in both the measures was more in the group that also received DCF training using pressure biofeedback. Conclusions. This study
shows that although pain and FHP improved following conventional exercises in school teachers with neck pain, mean
improvement was more significant among those who received additional DCF muscle training using pressure biofeedback.

1. Introduction

Neck pain is one of the most significant work-related health
problem that is associated with multiple factors including
physical and psychological stress [1, 2]. Teaching is one of
the professions where its incidence and prevalence is high
[3-5]. Changes from conventional to modern methods of
teaching have been identified as the main cause stress among
them [6]. Adoption of online teaching methods amid the
current pandemic situation, use of computers, laptops, and
mobile phones has further increased. Prolonged use of com-
puters leads to adoption of static posture for long duration
that causes neck and shoulder pain [2, 7] and has been asso-
ciated with development of neck and upper limb disorders,

including forward head posture (FHP) [8]. It also leads to
increased tension in the postural muscles resulting in com-
pressive forces on the spine [9]. Female gender, increasing
age, long working hours, history of injury, and frequent head
down posture are some of the risk factors that have been asso-
ciated with development of neck pain among them [10-12].
FHP is a postural disorder, where the head is held forward
to the body’s center of gravity [13]. At least 66% healthy adults
aged between 20 and 50 years were reported to have FHP
[14]. It is a common deformity found in patients with cervi-
cal headache and cranio-mandibular dysfunction [15-17]. As
the head moves forward, load on the neck musculature
increases, and neck mobility decreases [18, 19]. FHP has also
been associated with neck pain and disability [17, 20]. It is
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reported to cause neck dysfunction due to mechanical disad-
vantage of cervical structures, compression of occipital
nerves, or triggering of nociceptive afferent in the caudate
nucleus [21, 22]. Clinically, FHP can be measured as
cranio-vertebral angle (CVA) through lateral photographs
[23]. It provides a gross measure of forward positioning of
the head on the trunk [24]. Individuals with smaller the
CVA are more likely to suffer from neck pain and associated
disorders including headache [14, 16, 25].

Deep cervical flexor (DCF) muscles exert their action
anterior to the axis of motion of the atlanto-occipital and
intervertebral joints that stabilizes the cervical spine during
movement [26, 27]. Impairment of these muscles may lead
to insufficiency in its coordination, activation, overload, and
poor support on cervical structures that can further lead to
neck pain and altered neck posture [28-30]. Studies in
patients with neck pain have also shown impaired activation
and poor endurance of these muscles [1, 15]. Previous studies
on DCF muscle training have been shown to decrease neck
pain and improve functional disability and ability to main-
tain upright neutral posture in patients with similar problems
[1, 15, 31-33]. It would be interesting to see if DCF training
can improve FHP in addition to these effects. The objective
of this study was to report the effect of DCF muscle training
using pressure biofeedback on FHP and pain among school
teachers with neck pain. The research design of this study
has been based on similar researches published earlier [I,
33]; however, current study included FHP as the outcome
measure. We hypothesize that improvement in pain and
FHP would be significantly more after training with pressure
biofeedback as compared to the control group.

2. Materials and Methods

2.1. Subjects. Fifty-five school teachers, aged between 25 and
40 years, who had experience of more than 5 years were
invited to participate in this study. They were included if they
had neck pain score of 5 or more on numeric pain rating scale
(NPRS) and poor endurance of DCF muscles. They were
excluded if they had undergone any spinal surgery, any posi-
tive neurological sign, or any postural deformity other than
FHP. They were informed about aims and nature of this study,
and their informed consent was obtained. This study was
approved by ethical committee of institutional review board.

2.2. Study Design. A pretest, posttest experimental group
design was used in the study. Convenience method of sam-
pling was used to select the subjects. They were randomly
divided in two groups, control and experimental groups
using lottery method. The research design of this study has
been based on similar researches published earlier [1, 33].

2.3. Procedure. Both the groups received conventional exer-
cises for neck pain. In experimental group, cranio-cervical
flexor muscles’ training was also done in addition to conven-
tional exercises. Poor endurance of DCF muscles was
assessed by performance using cranio-cervical flexion test.
Pain and FHP were assessed using NPRS and CVA angle
using digital photograph technique, respectively, at baseline
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(PO and FHPO) and at the end of four weeks of treatment
(P4 and FHP4). Subjects were advised not to take any other
treatment for their problem during the study period.

2.4. Cranio-Cervical Flexion Test [29, 34]. Subjects were posi-
tioned in supine lying, and the air unit of pressure biofeed-
back (PBU-StabilizerTM, Chattanooga Group, INC., TN)
was placed at the posterior aspect of the cervical spine just
below the occiput and inflated to a baseline of 20 mmHg.
They were instructed to perform the cranio-cervical flexion
movement such that the pressure rose to 22 mmHg and hold
this position for 10 seconds. A rest of 30 seconds was pro-
vided, and the whole procedure was repeated for 24, 26, 28,
and 30 mmHg. Final reading was taken when the subject
was not able to hold the specific pressure for 10 seconds.

Before the test, subjects were given enough time to prac-
tice and examiner observed for any substitution movements
during the test. Test was considered poor if subjects could
not hold the position at 26 mmHg.

2.5. Pain [35]. Pain intensity at the time of testing was mea-
sured using NPRS. Subjects were asked to rate their neck pain
perception on the 0-10 rating scale, where 0 means no pain
while 10 is the worst possible pain.

2.6. FHP [36, 37]. FHP was measure using CVA. Subjects
were made to stand barefoot near a plumb line fixed to ceil-
ing. Their tragus and seventh cervical (C7) vertebra were
marked using plastic pointers. A lateral view digital photo-
graph of each subject was taken that was used to measure
CVA formed by the horizontal line passing through C7 and
the extending from tragus of the ear to C7, using the digitiz-
ing software (Image Tool UTHCSA Version 3.0 university of
Texas Health service center, San Antonio, Tx). Smaller angle
indicates greater FHP. Reliability of this procedure has been
reported to be high [38, 39].

2.7. Intervention. Conventional exercises [32, 40] included
stretching and strengthening exercises under supervision of
a physiotherapist. They comprised of stretching of Sterno-
cleidomastoid, Upper trapezius, Levator scapulae and
Pectoralis muscles; and strengthening for cervical flexors,
middle and lower Trapezius, and Serratus anterior. Each
exercise session included 3 sets of 10 repetitions with 10
seconds hold and rest of 2 minutes in between for 4 weeks.

Cranio-cervical flexor muscle training [1, 41, 42] was
done according to protocol prescribed by Jull and Falla
et al. Air bag of the pressure biofeedback unit was placed
below the occiput, and subjects were asked to perform nod-
ding movement to target 5 pressure levels between 22 and
30 mmHg. Each position is held for 10 seconds. There were
3 sets, 10 repetitions each for four days per week for four
weeks. Two minutes rest was given between the sets.

2.8. Statistics. Statistical difference was tested using Graph-pad
Instat 3.0 Graphpad Software Inc., CA, USA. Normality was
analyzed using the Kolmogorov-Smirnov test. Since all the
values passed the normality test, parametric tests were used
to test the hypothesis in this study. Paired ¢-test was used to
compare difference within group. Independent t-test was
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TaBLE 1: Baseline characteristics of the subjects: mean + standard deviation.
Control group (n-25) Experimental group (n-25) Significance
Age (years) 35.50 +£2.30 37.45+2.51 ns
Pain (points) 6.47 +1.36 7.07 £1.49 ns
Cranio-cervical flexion test (mmHg) 22.50+0.75 23.25+0.65 ns
FHP (degrees) 58.66 + 4.28 56.46 + 3.96 ns
FHP: forward head posture; ns: not significant.
TaBLE 2: Comparison of pain and forward head posture within the groups: mean + standard deviation.
Control group (n-25) .. Experimental group (n-25) ..

Preintervention Postintervention Significance Preintervention Postintervention Significance
Pain (points) 6.47 £1.36 4.36+1.50 7.07 £1.49 4.89+1.23 *
FHP (degrees) 58.66 +4.28 60.36 £ 3.95 56.46 + 3.96 59.56 + 3.90 *

FHP: forward head posture; *p < 0.05.

applied to compare the difference between the groups. The
difference was considered significant for p value <0.05.

3. Results

After passing the inclusion and exclusion criteria, 50 subjects
(44 female, 6 male) participated in the study. Their baseline
characteristics are presented in Table 1. There was no signif-
icant difference in characteristics of the subjects between the
two groups (p > 0.05).

3.1. Comparison within the Group. In comparison to baseline,
there was significant improvement in neck pain and FHP at
the end of 4 weeks (p < 0.05) in both the groups (Table 2).

3.2. Comparison between the Groups. Intergroup comparison
of pain and FHP shows that there was significant difference
between the groups (p < 0.05). Mean improvement in pain
and FHP after four weeks of intervention was more in the
experimental group than that in the control group (Table 3).

4. Discussion

Although there are various studies that see the effect of DCF
training on neck pain, to the best of our knowledge, this is the
first study to see the effect of pressure biofeedback on FHP.
This study was designed to determine if addition of DCF
muscle training using pressure biofeedback to conventional
exercises has a better effect on pain and FHP in school
teachers with neck pain. Results show that although pain
and FHP improved in both the groups, mean improvement
in both the measures was more in the group that also received
DCEF training. Baseline readings of neck pain and FHP in the
two groups were not significantly different showing homoge-
nous distribution of subjects.

Since most of the schools around the world have
adopted online teaching methods due to current pandemic
situation, teachers have been forced to use computers, lap-
tops, and mobile phones for more time during the day. This
has further increased the potential to develop psychological

TaBLE 3: Comparison of differences in the means between the
groups from postintervention to preintervention of pain and
forward head posture.

Mean change postintervention

Control group Experimental group Significance
Pain (points)  —-2.11+1.25 -2.18+1.35 *
FHP (degrees) 1.70+3.90 3.1+3.86 *

FHP: forward head posture; *p < 0.05.

stress and musculoskeletal pains throughout the body, espe-
cially the neck region. This can precipitate for longer
periods if left unchecked. Results of the current study can
be applied in such cases with the aim to prevent and treat
any associated disorders.

Reduction of pain following conventional as well as pres-
sure biofeedback training can be explained by various mech-
anisms including increase in endorphins, activation of ergo
receptors, and better neuromuscular control after exercises
(1, 43, 44].

Literature review suggests that neck disorders are often
associated with abnormal neck posture [45]. FHP has been
correlated negatively with Northwick Park Questionnaire
and NPRS [46]. It has also been shown to predispose tempo-
romandibular disorders [47, 48]. These findings suggest that
patients with FHP need urgent attention since they are prone
to development of higher pain intensity and disability.

There are two types of external feedbacks that can be pro-
vided during exercise, knowledge of result and knowledge of
performance [49]. Pressure biofeedback is a noninvasive
technique that provides knowledge of performance through
the hand held apparatus that can augment the patient’s sen-
sory feedback mechanism [1]. It has the capacity of changing
the patient’s capability of responding as they can control their
precise recruitment pattern and help in motor learning [15,
50, 51]. Exercises involving feedback motivate the patient and
encourage them to perform better each time [52]. The
improvement in muscle performance, flexibility of tight mus-
cles, and increased strength in weak muscles has been attrib-
uted to generation of optimal constant torque following



pressure biofeedback training [7, 15, 53], which support out
results.

Longus colli and capitis are important stabilizers of head
on neck posture with major function of maintaining cervical
lordosis especially during functional movements [30]. DCF
muscles have high density of muscle spindles leading to kin-
esthetic sense, and their action is influenced by variation of
resting head position [15, 40, 54, 55]. Grant et al. have shown
that there is reduction in mechano-sensitivity of selected
neural, muscular, and articular structures with the improve-
ment in endurance of DCF muscles [56]. Another study has
reported that there is improvement in ability to maintain
upright cervical posture following DCF training [31].
Improved performance of these muscles could explain
improved ability to maintain neutral cervical posture in addi-
tion to reduction in perceived neck pain [16, 30, 57].

Development of work-related neck pain is multifactorial
[58]. Individual anthropometric variations, postural and
mental stress, ergonomically poor furniture, high workload,
lack of time for self-care, etc., have been reported to affect
school teachers in one or other way [59]. Furthermore,
work-related disorders have been reported to prevent
teachers from carrying out their normal daily activities, seek
medical advice, and even change duties or resign from their
job [60, 61]. Such serious outcomes suggest that greater stress
should be placed on prevention of such disorders. This can be
done through ergonomic education, regular physical exer-
cises, and decreased wok stress. Research like these should
focus on developing multidimensional rehabilitation pro-
grams at school premises.

4.1. Limitations. This study should be repeated on a larger
sample size with more diverse cultural representation and
causes of neck pain including whiplash injuries. Teachers
from different specialties, science, arts, etc., can be included
to compare the effect of their subject load on incidence and
prevalence of work-related disorders. More such studies are
needed to generate a rehabilitation protocol with better base
of evidence.

5. Conclusion

This study shows that although pain and FHP improved
following conventional exercises in school teachers with
neck pain, mean improvement was more significant among
those who received additional DCF muscle training using
pressure biofeedback.
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FHP: Forward head posture
CV:  Cranio-vertebral angle
DCF: Deep cervical flexor

NPRS: Numerical pain rating scale.
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