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Abstract

Objectives: This study intends to provide basic materials for selecting an appropriate type of pillow that will maintain
the cervical spine to be in a neutral position during sleeping time. Methods/Statistical analysis: Twenty-eight male and
female adults agreed to participate in this study. 30 minutes to measure the amount of change in the coordinates. Towel were
spread on a hard and flat floor and the pillows were horizontally placed parallel to the x-axis of the three-dimensional motion
analyzer with one of their corners positioned at the origin of coordinates. The participants lied on their pillow with their
head located right in the middle of their pillow and for those who lied on a Memory foam Pillow (MP) or a functional pillow,
they located their neck on the neck-supporting part of their pillow. The participants were put to the test for 30 minutes for
each type of pillow and during the experiment, they were prohibited from talking or moving. One way repeated ANOVA is
used to compare the change in the coordinate in time of the three pillows. Findings: The descriptive statistics that show the
location of the pillows and the participants’ heads. Except for Lt 2 and Lt 3, all the markers showed a significant difference
(p<.05). The descriptive statistics shows the height of the pillows and the participants’ heads. All the markers showed a
significant difference (p<.05). The average amount of change in the location of the pillows is shown. The markers on the left
side of the pillows showed no significant difference in the average amount of change in their location. Among the markers on
the right side of the pillows, the markers showed a significant difference between Feather Pillow (FP) group and MP group
and between MP group and The Functional Pillow (TFP) group. Among the markers attached on the participants’ face, there
was a significant difference between FP group and MP group and between FP group and TFP group. The average amount
of change in the location of the pillows is shown. Among the markers on the left side of the pillows, there was a significant
difference in the average amount of change in the height of the pillows between FP group and MP group and between FP
group and TFP group. Among the markers on the right side of the pillows, there was a significant difference in the average
amount of change in the height of the pillows between FP group and MP group and between FP group and TFP group. Among
the markers attached on the participants’ face, there was a significant difference between FP group and MP group, between
MP group and TFP group and between FP group and TFP group. Application/Improvements: This study revealed that the
material and type of pillow were related to SC and found out that using TFP, compared to the other two types of pillows, the
height of the participants’ heads less significantly changed with the passage of time. Therefore, TFP can be recommended as
an appropriate type of pillow with a proper level of SC for cervical spine .
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1. Introduction for the activity. Theﬂ quality of sleep is directly related

to the standard of living as well as human health. Theﬂ

Sleep occupies approximately one third of our life and quality of sleep is related to the thermal conductivity,

activity so maintaining good health through good sleep
is important. In addition, sleep is necessary to adjust
the ability to cognize, judge and memorize required
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height, flexibility, stability, moisture absorbing power,
air permeability, temperature, physical mobility, and
usefulness of the pillow used and among these elements,
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the height of pillow has the greatest influence. Forﬂ a
good night’s sleep both quantitative and qualitative
factors of sleep should be satisfied. For sleeping time, a
quantitative factor showing individual differences, about
7 hours is recommended and little or too much sleep
can add to fatigue. Qualitativeﬂ factors include bedroom
temperature, humidity, lighting, bedding, etc, and the
bedroom environment for a good night’s sleep requires
the indoor temperature of 24 + 2 °C and humidity of
60~70%f).

As main elements required for good sleep, there are
bed, blanket, pillow, etc. These bedding should maintain
appropriate temperature during sleep, support our body
to maintain natural postures and prevent accumulation
of physical fatigue by the movements made during sleepﬂ.
The role of a pillow is to support the cervical spine during
sleep to neutral position. Theﬂ height of a pillow is closely
related to the cervical spine angle during sleep. A high
pillow interferes with the cervical curvature with its
increased cervical angle. Its use for a long period of time
causes bending of the neck vein, risk of brain hemorrhage
or stroke, and blood circulation disorder causes problems
in the cervical spine and neck muscles. Inﬂ a research
comparing the relationship between cervical pain and
cervical lordosis, using Harrison posterior tangent
method, found a statistically significant relationship
between cervical pain and cervical lordosis less than 20
degrees and between cervical pain and a clinically normal
range of cervical lordosis of 31-40 degrees. Inﬂ said
keeping lordosis in the range of 31-40 degrees could be a
clinical goal for treatment®. As one of the most common
reasons that causes inconvenience to our daily life, spinal
pains, such as back and neck pains, are greatly affected
not only by the structural, biomechanical, functional and
psychological problems of our body but by social factors
such as urbanization and industrializationﬁ.

Long-term absenteeism due to chronic neck pain has
become a social problem leading to economic lossesﬁ.
The working environment and life habits of modern
people, such as driving and working on the computer
and desk, increase neck movements in a sitting position,
causing reduction of normal lordosis of the cervical spine
and abnormal movements between the cervical spine
and body. When the deep muscles of neck cannot be
properly adjusted due to the overuse of neck, a neck pain
. The functional deterioration of the head-neck
area caused by a wrong pillow occurs due to neck and
shoulder pains and to their limited range of motion and

is cause
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67~71% of adults experience thisﬁ. Due to the pains, it
can lead to physical and mental problems in carrying out
jobs or daily activities. Many people have complained of
stiffness and muscle pain in the neck, unlike back pain,
only a handful of therapists and researchers were trying
to solve the problem of neck pain and as a solution,
conservative treatment such as surface heat treatment,
deep hyperthermia treatment and electric treatment has
been usedﬂ. When treatment for the neck muscles is
initiated, symptoms of depression are quickly mitigated
and physical symptoms such as neck muscle tension
are alleviated. Inﬁ this process, it is considered that the
tension and chronic pain of neck muscle are closely related
to mental depressionﬁ. Habitually protracted chin can
result in adaptive shortening of occipitalis muscle. This
can increase the stress applied to the facet joint of spine,
can cause a change in the cervical spine arrangement due
to the rear disc or other rear structures and can lead to
weakening of the deep muscle of neckﬁ. Inﬁrepresented
a neck bone through Upper Crossed Syndrome occurring
due to the influence of a protracted chin.

Having this symptom weakens deep neck flexor,
Rhomboids, Serratus anterior, and sometimes the lower
trapezius, while pectoralis major, pectoralis minor;
upper trapezius, levator scapulae, etc. get short and
stiﬂﬂ. Cyriax claimed that neck pain is aggravated due
to incorrect posture during sleep, and presented ideal
sleeping positions and pillow conditions. Ideal posture is
the posture where cervical spine curvature is maintained
and there is no muscle tensionﬁ.

In the previous studies, pillows such as FP and MP
were mostly used. They said roll-shaped TFP significantly
increased cervical lordosis angles when compared to MP
and regular FP. There was also a significant difference in
comfortableness between different types of pillows. When
we lie on a FP, out head is positioned higher than our neck,
bending our cervical spine forward and thereby causing
Cervical Kyphosisﬂ. Inﬁ simulated a sleeping environment
with which they could recommend proper pillows for
people to buy and according to the result of a research
done using eight combinations of four types of pillows,
the type of pillow that supports our head and shoulders
and our cervical spine at the same time turned out to be
the most comfortable and optimal typeﬁ.

Studies so far have investigated the physical
characteristics of mattresses and pillows in relation to the
external factors of a sleeping environmentﬂ, while studies
on the level of the neutral position of the cervical spine
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maintained depending on the material and type of pillow
are insufficient. The neutral position in according to the
material and shape of the pillow is lacking. Therefore, in
this study, to find out the influence the shape and filling
material of a pillow has on the level of cervical spine
curvature maintained, markers were attached on the
participants’ faces and on three different types of pillows
including FP, MP and TFP. As the participants lied on a
pillow, the amount of change in the coordinates of the
markers were measured and compared using a three-
dimensional motion analyzer. This study intends to
provide basic materials for selecting an appropriate type
of pillow that will maintain the cervical spine to be in a
neutral position during sleeping time.

2. Methods

2.1 Subjects

This study aimed at healthy adult men and women
enrolled in the S University in Asan, Chungcheongnam-
do. Participant selection criteria were those who had not
visited hospitals or received medical treatment for neck
pain, those who had not undergone neck surgery and
those who had not suffered from scoliosis, inflammatory
or degenerative arthritis and connective tissue diseases.
By putting the average and error values measured in
the research into the sample size calculation program
(G*Power, 3.1.9.2), the result of sample size was obtained
and a total of 28 participants were selected. The ratio of

males to females was one to one Table 1.

Table 1. General characteristics (n=28)

Gender (male/ male female
female) (n=14) (n=14)
Age (years) 23.35+1.90 21.21+1.12
Height (cm) 176.08+4.87 163.88+4.75
Weight (kg) 70.7+6.05 54.661+4.70

Values indicate mean + standard deviation

This study was conducted with the approval of Sun

A. Feather pillow

Figure 1.
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B. Memory foam pillow

Moon University Institutional Review Board (SM-
201506-013-1). Enough explanation was given through
one-on-one interview about the purpose and method of
study to all the participants prior to the experiment and
the experiment was carried out for those who agreed to
participate in the study.

2.2 Experiment Procedures

This study is based on single-blind and randomly-controlled
design and is a single-group repeated test. The participants
were randomly assigned with a feather pillow, MP or TFP
by lot and infoamation about pillows being used and test
sequence were kept unknown to the participants.

Towel were spread on a hard and flat floor and the
pillows were horizontally placed parallel to the x-axis of the
three-dimensional motion analyzer with one of their corners
positioned at the origin of coordinates. The participants lied
on their pillow with their head located right in the middle of
their pillow and for those who lied on a MPor a functional
pillow, they located their neck on the neck-supporting part
of their pillow. The participants were put to the test for 30
minutes for each type of pillow and during the experiment,
they were prohibited from talking or moving.

2.2.1 Pillows

A total of three types of pillows were used in the study.
The FP (Doadream, Korea) was filled with goose down
and the same shape as general pillows. Its size was 60cm
in length, 45cm in width and 17cm in height. The MP
(Sinomax, China) consisted of polyurethane foam and its
size was 50cm in length, 38cm in width and 7~5cm in
height. TFP (Venygood, Korea) was divided into shoulder
support, cervical support and headrest and consisted of
seven pieces. Its size was 45cm in length, 50cm in width
and 8~4cm in height. It was filled with stuffing made
of polypropylene. The amount of stuffing in the pillows
remained unchanged during the experiment shown in
Figure 1.

C. The functional pillow

Pillows.
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2.2.2 Measurement Method

A three-dimensional motion analyzer (Qualisys system -
Qualisys Medical AB 41113, Goth en burg, Sweden) was
used to measure Support Capacity for Cervical Spine (SC).
Six cameras (Qualisys Oqus 300) were used for recording
and infrared light reflected by spherical passive markers
were used. Three markers were attached on the left and
right side of the pillows at a regular interval (6 markers).
And a marker was attached on the central forehead,
glabellar and chin of the participants (3 markers). A total
of 9 markers were attached on the face and pillows for
each experiment. The markers attached on the left side of
the pillows were named Lt 1, Lt 2 and Lt 3 in order starting
from the one located closest to the participants’ body
when they lied on their pillow. The markers attached on
the right side of the pillows were named Rt 1, Rt 2 and Rt
3 by applying the same rule. applied to the markers on the
right side. The markers attached on the face were named
Fa 1, Fa 2 and Fa 3 in the order of chin, glabellar and
central forehead shown in Figure 2. Data were collected
at the frequency of 100Hz using QTM (Qualisys Track
Manager) ver 2.5. Three types of pillows were randomly
assigned to the participants and they were made to lie
down in a supine position for 30 minutes. The coordinates
of the markers on the pillows right after they lied on their
pillow and 30 minutes after were measured. To measure
the location of their pillow and head and the height of
their head that changed with time, the coordinates
obtained right after the participants lied on their pillow
and those obtained 30 minutes after were applied to the
following foamula and the straight-line distance from the
original coordinates to the changed ones was calculated
the results shown in Figure 3. To calculate the changed
location of the pillows and the participants’ heads, the
coordinates of all the markers on all the axes were used,
while to calculate the changed height of the participants’
heads, only the z-axis coordinates of the markers attached
on their face were used.

Figure 2. 'The name of the attached markers.

2.3 Measurement Time

In this study, sleep consists of four stages of Non-Rapid
Eye Movement (NREM) sleep and rapid eye movement
(REM) sleep. As the average sleeping time for ordinary
people is 7.5 hours, NREM is conducted over four stages
that last for a total of 90 minutes. Stage 1 of NREM is 20 to
30 minutes after sleep begins. In stage 1 of NREM, we can
recognize a weak sound staying at the boundary between
sleep and consciousness. In this stage, intervention is
possible for the participants lying in a correct posture and
considering intervention is difficult if they fall into deep
sleep and toss and turn, 30 minutes of experiment time
was applied to all the participants in this study.

2.4 Statistical Analysis

Statistical analysis was perfoamed using SPSS version 22.0
for Window (SPSS Inc., Chicago, IL, USA). The mean
and standard deviation of the variables were calculated by
descriptive statistics and Oneway repeated ANOVA was used
to compare the coordinates of the three types of pillows that
changed with time. The Shapiro-Wilk test was conducted for
normality test and Bonferroni method was used for post hoc
test. The level of statistical significance was set at p <.05.

3. Result

All the markers showed a significant difference (p<.05).
The markers on the left side of the pillows showed no

Distance of pillow and headinall axis = V\&, — & ) Tly, —p S Tz — 2 F

Distance of pillow and headin z axis =\ — 21

Figure 3. Distance formula.
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significant difference in the average amount of change in
their location. Among the markers on the right side of the
pillows, the markers showed a significant difference between
FP group and MP group and between MP group and TFP
group. Among the markers attached on the participants’
face, there was a significant difference between FP group
and MP group and between FP group and TFP group. The
average amount of change in the location of the pillows and
the participants’ heads that changed with time is shown in
Figure 4 and Figure 5. Among the markers on the left side of
the pillows, there was a significant difference in the average
amount of change in the height of the pillows between FP
group and MP group and between FP group and TFP group.
Among the markers on the right side of the pillows, there
was a significant difference in the average amount of change
in the height of the pillows between FP group and MP group
and between FP group and TFP group. Among the markers
attached on the participants’ face, there was a significant
difference between FP group and MP group, between MP
group and TFP group and between FP group and TFP group.

4. Discussion

In this study, three types of pillows were randomly
assigned to the participants and the level of SC that

(mm) {mm)
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changed with the passage of time was measured and
compared. According to the result, MP group showed the
least amount of change in the coordinates of the location
of the pillows and the participants’ heads, while TFP group
showed the least amount of change in the coordinates of
the height of the pillows and the participants” heads.

When comparing the amount of change in height
between Lt and Rt, there are no significant difference between
MP group and TFP group. However, in all the Fa coordinates,
TEP group had a significant difference compared to FP and
MP group. This is considered to indicate that if the amount
of change in the coordinates of Fa 1, Fa 2 and Fa 3 attached
on the participants’ face differs, the level of SC differs. When
considering only the coordinates of the markers attached on
the pillows, since they include coordinate movements in all
directions (x-, y- and z-axis), the location and height of the
pillows obtained from the markers determined depending
on the pillow material change on all the axes.

In addition, it is not possible to measure the restoring
ability which depends on the material of the pillow and
the amount of change in the location and height varies
depending on the respiration pattern of the participants.
Therefore, it cannot be necessarily said that analyzing
the amount of change in the coordinates of the markers
attached on the pillows means verifying the level of SC.
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Figure 4. Changes of head and pillow height with the time lapses.
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Figure 5. Changes of head and pillow position with the time lapses.
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In previous studies as well, they mentioned a change
in the location of the pillows on the z-axis because Cobb’s
angle for the participants changed before and right after
they used the three types of pillows (FP, MP and TFP).
Changing of Z-axis position of Cobb’s Angle changed the
subjects after using three kinds of pillowﬂ. According to
the above result as well, what effectively determines SC is
the amount of change in the height of Fa and as a result,
MP group has better SC than TFP Group.

Inﬁ results of this study as well as previous research
showed that SC for cervical spine was good in the order
of TFP, MP and FP and this is considered to be affected
by both the material and structure of the pillow. Z-axis
movement in the order shown smaller SC came out, the
results are good, The amount of change of the Z-axis
from which variables were removed to measure heights,
in other words through the result of difference in the
amount of change in the height, the substantial amount
of change in SC was smallest for TFP. It is believed that
there is affected the material and structure of the pillow.
Between FP and MP and between FP and TFP, both the
material and structure were different, while between
FP and TFP, the material was different but they both
had an ergonomic structure. Since TFP was filled with
polypropylene capsule stuffing, it was sturdy and definitely
comfortable and by reducing the space between the
stuffing materials, it helped to maintain the cervical spine
curvature. In addition, in previous studies, the time taken
for TFP to reach Slow-Wave Sleep (SWS) turned out to be
longer than other types of pillows, while concerning the
percentage of SWS which is the basis for assessing deep
sleep; TFP was higher than other types of pillowsﬁ.

Through this, it is considered that the amount of
change in the height decreases depending on the hardness
of material. TFP not only supports our cervical spine
but it also supports our head and since each of them is
supported by a different rate of stuffing depending on the
distribution of the pressure they apply on the pillow, the
quality of sleep improves. It can be said that the harder the
material of pillow is, the higher the level of SC is, while a
pillow made of a soft material not only requires that more
of our muscles be involved in tossing and turning but also
requires more effort in maintaining a sleeping posture,
preventing our body from taking a rest and causing us to
have a light sleepﬂ.

Inﬁ the case of FP, it is not recommended, because it
promotes waking symptoms and in the case of MP, like
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TFP, it provides SC for lordotic curve of cervical spine
but in hardness of material, it is inferior than TFP. As a
result, during sleep, cervical and head are not sufficiently
supported or unconscious cervical movement occurs and
due to the inappropriate cervical position during sleep,
waking symptomsoccur. According to other studies as well,
the fact that increased quality of sleep increased the ability
to lead a better daily life indirectly proves the importance
of the quality of sleep in patients with painsﬁ. If we use
a proper pillow that fits each of us, the naturally-foamed
cervical curvature angle minimizes the pressure applied
to our cervical disc by even distributing it. However, if
we use a FP or a MP which does not provide sufficient
SC, the cervical lordosis does not provide sufficient SC,
the cervical lordosis angle increases and according to a
comparison conducted byﬁ between an asymptomatic
group and patients with acute and chronic cervical pains,
the symptoms of cervical lordosis decreased significantly
in the patients with chronic cervical painsﬁ.

As a limitation to this study, the experiment was
conducted with an estimated total sleeping time so the
amount of change in the height of the pillows and the
participants’ heads was not measured during actual
sleeping time. As the participants toss and turn during
sleep, their sleeping posture can change, causing even
more amount of change. So far, there are many studies
that compare pillows with a different structure, while
studies that assess the structure and material at the same
time are a few. Therefore, more study has to be conducted
in addition to our study.

As a result of this study, FP and MP, commonly
used by the public, aim for convenience to users by
simply using softness of material. However, they are not
suitable for each individual’s cervical spine condition
and if used thoughtlessly, even though FP and MP may
not immediately cause musculoskeletal diseases, they
decrease the quality of sleep and aggravate the condition
of neck diseases so attention is required.

In selecting a pillow, rather than simply considering
its softness to touch and comfortableness, it is important
to make a choice by taking into account both the structure
and material of pillow that is suitable for each individual’s
neck conditionﬂ. Securing sleeping time by selecting
a suitable pillow in this way will prevent or prevent
aggravation of musculoskeletal diseases involving cervical
and shoulders in a modern society.
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5.

Conclusions

This study revealed that the material and type of pillow
were related to SC and found out that using TFP,
compared to the other two types of pillows, the height of
the participants’ heads less significantly changed with the
passage of time. Therefore, TFP can be recommended as
an appropriate type of pillow with a proper level of SC for
cervical spine.

6.

References

10.

11.

12.

Schutz TC, Andersen ML, Schutz TC, Tufik S. The influ-
ence of orofacial pain on sleep pattern: a review of theory,
animal models and future directions. Sleep Medicine. 2009;
10(8):822-8.

Kyle SD, Morgan K, Espie CA. Insomnia and health-related
quality of life. Sleep Medicine Review. 2010; 14(1):69-82.
Helewa A, Goldsmith CH, Smythe H, Lee P, Obright K, Stitt
L. Effect of therapeutic exercise and sleeping neck support
on patients with chronic neck pain: A randomized control
trial. Journal of Rheumatology. 2007; 34(1):151-8.

Mizuno KO, Tsuzuki K, Mizuno K. Effects of head cooling
on human sleep stages and body temperature. International
Journal of Biometerology. 2003; 48(2):98-102.

Jeon MY, Jeong H, Lee S, Choi W, Park JH, Tak SJ. Improv-
ing the quality of sleep with an optimal pillow: a random-
ized, comparative study. Tohoku Journal of Experimental
Medicine. 2014; 233(3):183-8.

Chen HL, Cai D. Body dimension measurements for pillow
design for Taiwanese. Work. 2012; 41(1):1288-95.

Erfanian P, Tenzif S, Guerriero RC. Assessing effects of a
semi-customized experimental cervical pillow on symp-
tomatic adults with chronic neck pain with and without
headache. The Journal of Canadian Chiropractic Associa-
tion. 2004; 48(1):20-8.

Gordon SJ, Grimmer-Somers KA, Trott P. Pillow use: the
behaviour of cervical pain, sleep quality and pillow comfort
in side sleepers. Manual Therapy. 2009; 14(6):671-8.
McAviney ], Schulz D, Bock R, Herrison DE, Holland B.
Determining the relationship between cervical lordosis and
neck complaints. Journal of Manipulative and Physiological
Therapeutics. 2005; 28(3):187-93.

Palmer KT, Smedley J. Work relatedness of chronic neck
pain with physical findings a systematic review. Scandi-
navian Journal of Work Environment and Health. 2007;
33(3):165-91.

Natvig B, Picavet HS]J. The epidemiology of soft tissue rheu-
matism. Best Practice and Research Clinical Rheumatolo-
gy. 2002; 16(5):777-93.

Linton SJ. A review of psychological risk factors in back and
neck pain. Spine(Phila Pa 1976). 2000; 25(9):1148-56.

Vol 9 (47) | December 2016 | www.indjst.org

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Cote P, Cassidy JD, Carroll L. The Saskatchewan health and
back pain survey: the prevalence of neck pain and relat-
ed disability in saskatchewan adults. Spine(Phila Pa1976).
1998; 23(15):1689-98.

Evans R, Bronfort G, Nelson B, Goldsmith CH. Two-year
follow-up of a randomized clinical trial of spinal manipu-
lation and two types of exercise for patients with chronic
neck pain. Spine(Phila Pa 1976). 2002; 27(21):2383-9.
Matsui T, Fujimoto T. Treatment for depression with chron-
ic neck pain completely cured in 94.2 of patients following
neck muscle treatment. Neuroscience and Medicine. 2011;
2(2):71-7.

Magee DJ. Orthopedic physical assessment, 6% Edition.
Evolve; 2014.

Pill P, Clare CF, Robert L. Assessment and treatment of
muscle imbalance. Journal of Cannadian Chiropractic As-
sociation. 2012; 56(2):158.

Cyriax JH. Text book of orthopedic Medi-cine. 8 edition.
Bailliere Tindal; 1982.

Liu SE Lee YL, Liang JC. Shape design of an optimal
comfortable pillow based on the analytic hierarchy pro-
cess method. Journal of Chiropractic Medicine. 2011;
10(4):229-39.

Anculle AV, Zamudio HR, Mendiola YA, Guillen MD, Pe-
dro JS, Tania TR. Effects of an adapted mattress in muscu-
loskeletal pain and sleep quality in institutionalized elders.
Sleep Science. 2015; 10:10-16.

Cote P, Cassidy JD, Yong-Hing K, Sibley ], Loewy J. Apoph-
ysial joint degeneration, disc degeneration, and sagittal
curve of the cervical spine. Can they be measured reliably
on radiographs? Spine (Phila Pa 1976). 1997; 22(8):859-64.
Persson L, Moritz U. Neck support pillows: a comparative
study. Journal of Manipulative and Physiological Therapeu-
tics (JMPT). 1998; 21(4):237-40.

Sung MJ, Sung SK. The effects of pillow filling materials on
the comfortable sleep. Journal of the Korean Society for
Clothing Industry. 2006; 8(6):6713-20.

Kwon GS, Kim JS, Park S]. Recognizing sleeping posture on
bed by using the measurement of body pressure distribu-
tion. Journal of the Society of Korea Industrial and Systems
Engineering. 1999; 22(52):211-9

Gordon SJ, Grimmer-Somers KA, Trott PH. A randomized,
comparative trial: does pillow type alter cervico-thoracic
spinal posture when side lying? Journal of Multidisciplinary
Healthcare (JMDH). 2011; 2011(4):321-7.

Gordon SJ, Grimmer-Somers KA. Trott PH. Pillow use: the
behavior of cervical stiffness, headache and scapular/arm
pain. Journal of Pain Research. 2010; 11(3):137-45.
Harrison DD, Harrison DE, Janik TJ, Cailliet R, Ferrantel-
li JR, Haas JW. Modeling of the sagittal cervical spine as
a method to discriminate hypolordosis: results of ellipti-
cal and circular modeling in 72 asymptomatic subjects, 52
acute neck pain subjects, and 70 chronic neck pain subjects.
Spine (Phila Pa 1976). 2004; 29(22):2485-92.

Indian Journal of Science and Technology | 7 -



