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ABSTRACT

Purpose: A variety of sensory-motor changes are reported in both the traumatic and non-traumatic neck
pain. However, it is still unclear whether there is a significant difference between individuals with traumatic
neck pain and those with non-traumatic in terms of postural control. The aim of this cross-sectional study
was to investigate whether there was a difference between individuals with traumatic pain and non-
traumatic neck pain in terms of postural control and disability.

Material and Methods: Ninety-two patients with chronic neck pain were grouped according to the onset
of pain. Clinical test of sensory interaction balance (CTSIB) and limits of stability (LOS) test were used for
postural control assessment. The Numeric Rating Scale and Neck Pain Disability Index (NPDI) were used
to measure pain intensity and disability, respectively. Mann-Whitney U test was used to compare groups.
Results: There were no significant differences between groups in terms of LOS, CTSIB and NPDI scores
(p>0.05).

Conclusion: The results of this study suggest that postural control and disability do not differ between
patients with traumatic and non-traumatic neck pain. Therefore, from a clinical perspective, postural control
and disability should be evaluated without considering trauma history in patients with neck pain.
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INTRODUCTION Neck pain may lead to motor impairments, disability

Neck pain is a common condition that affects most
people at some point in their lives (1). The cause of
neck pain can be traumatic or non-traumatic. A
traumatic neck pain is associated with previous neck
injury and symptoms that may occur due to central
sensitization mechanisms, whereas non-traumatic
neck pain is defined as having no identifiable cause
and pathology. Both traumatic and non-traumatic
neck pain result in functional limitations in addition to
pain (2-5).
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and decreased quality of life. In addition, sensory
alterations, decreased motor function and
morphological changes may occur (6,7). Cervical
receptors have close connections to vestibular, visual
and proprioceptive systems and also play an
essential role in reflexes to provide information for
postural control. Therefore, disruption of the afferent
information due to the traumatic or non-traumatic
neck pain can increase postural sway and individuals
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can suffer from postural control problems in their daily
routines (8,9).

It has been anticipated that patients with either non-
traumatic or traumatic neck pain have poorer postural
balance than healthy controls (10-12). A variety of
sensory-motor changes were reported in both the
traumatic and non-traumatic neck pain. It is claimed
that postural control is further impaired in individuals
with traumatic pain due to damage to neck structures,
inhibition in deep muscles, decreased neuromuscular
control, loss of endurance or atrophy in the muscle
(10,13). Accordingly, it is expected to be better
postural control in non-traumatic situations (3,5,6).
However, it is still unclear whether there is a
significant difference between individuals with
traumatic neck pain and those with non-traumatic in
terms of postural control.

Chronic neck pain is also known to be associated with
disability. Studies showed that pain extent is
positively correlated with increased disability in
individuals with  whiplash-associated disorders
(14,15). However, there is still very limited data on
whether disability level differs between patients with
traumatic and non-traumatic neck pain (16).
Considering the various biological impairments
observed, a thorough understanding of how trauma
history affects postural control and disability in
patients with chronic neck pain is crucial to conduct
rehabilitation programs and clinical practice perfectly.
Therefore, the aim of this study was to investigate
whether there were differences between individuals
with traumatic pain and non-traumatic pain in terms of
postural control and disability. The hypothesis was
that postural control and disability of people with
traumatic neck pain are significantly poorer and
higher than that of people with non-traumatic neck
pain, respectively.

MATERIAL AND METHODS

Design

This cross-sectional study was carried out between
January 2019 and January 2020. This study
conformed to The Declaration of Helsinki, fulfilling all
ethical requirements and was approved by Dokuz
Eylil University ethics committee (Decision No:
2019/03-11, 13.02.2019). Written informed consent
was obtained from all participants.

Participants

Participants were patients who consulted the
Neurosurgery Clinic of a University Hospital with the
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complaint of chronic neck pain. Individuals were
divided into two groups according to neurosurgeon’s
diagnosis as traumatic or non-traumatic neck pain.
Inclusion criteria for traumatic neck pain group were:
(i) age between 18 and 65 years, (ii) neck pain lasting
more than 12 weeks, (iii) a history of neck injury such
as classifiable as Whiplash associated disorders
(WAD); while non-traumatic neck pain group were: (i)
age between 18 and 65 years, (ii) pain lasting more
than 12 weeks, (iii) neck pain with no identifiable
cause or pathology. Patients were excluded if they
have: (i) brachial neuropathy, (ii) psychiatric illness,
(iii) neurologic, metabolic, and cardiovascular
disorders, (iv) inflammatory conditions, (v)
fibromyalgia, (vi) pregnancy, (vii) a history of shoulder
girdle or lower extremity surgery that could possibly
influence postural control, (viii) the vestibular or
uncorrected vision problems, (ix) being in progressive
physical or medical treatment for both groups. All
eligible participants were asked to stop to take of
analgesics 6 hours before the assessments. In
addition, participants were asked not to do heavy
physical activity and to avoid from using up alcohol on
the test days.

Procedure

Sociodemographic characteristics of participants
were recorded and they were asked to complete self-
reported measures including the Numeric Pain Rating
Scale (NPRS) and the Neck Pain Disability Index
(NPDI). An assessor who was blinded to grouping
carried out all the remaining measurements.

Postural control was assessed using Biodex Balance
System SD (12.1” Display 115 VAC, NY, USA). The
Limits of Stability (LOS) test and the Clinical Test of
Sensory Interaction and Balance (CTSIB) were
performed to measure postural control. In the LOS
test, individuals were asked to reach eight different
points on the fixed firm surface without changing their
foot positions on the platform and to return to the
starting position each time as fast as possible. The
higher overall scores indicate better postural control.
In the CTSIB, the individuals were instructed to
stabilize themselves in straight position in four
different conditions: (i) firm (hard) surface when eyes
opened, (ii) firm surface when eyes closed, (iii) foam
(soft) surface when eyes opened, (iv) foam surface
when eyes closed. Individuals were warned not to
change foot positions during each test. Higher index
values indicate worse sensory interaction balance.
Before the tests, individuals were informed that they
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were free to discontinue the task at any point if they
feel discomfort. The device was found to be valid and
reliable in measuring postural control (17).
Self-reported pain both in rest and in activity were
assessed using the NPRS. Individuals were asked to
choose the number between 0 and 10 that express
their pain intensity. Zero means “no pain” while ten
means “the worst pain” (18).

The validated Turkish version of the NPDI was used
to measure pain-related disability. This index includes
10 questions about disability and each question is
scored between 0 and 5. Therefore, the level of
disability is calculated a total of 50 points. Higher
scores reflect higher level of disability (19).

Statistical Analysis

Shapiro-Wilk Test, histograms and probability plots
were used to examine the normality of the data. The
variables were expressed as median and interquartile
range (25%-75%) since most of them were not
normally distributed. The Chi-square Test was used
to compare gender proportions between the groups.
The Mann-Whitney U Test was used to compare age,
BMI, pain intensity, postural control variables and
disability between the groups. Statistical analyses
were performed using the SPSS software (version
23.0 for Windows; IBM Corp, Armonk, NY) at the 0.05
significance level.

RESULTS

In total, 98 patients with chronic neck pain were
evaluated and were grouped according to the onset
of pain as Traumatic group (n = 26) and Non-
traumatic group (n = 72). Two participants in
traumatic group who did not meet the inclusion
criteria were excluded. The data of 4 patients, 2 from
each group, were also not analyzed because patients
could not complete postural control test. Final
analyzes were performed on data from 92 patients
(22 of them were in Traumatic group while 70 of them
in Non-traumatic group). Gender proportions were
similar between the groups (x2 = 0.186, p = 0.667).
There were no significant differences in the
demographic characteristics (age and BMI), NPRS-
rest and -activity scores between the groups (p >
0.05) (Table 1).

Between group comparisons (Mann-Whitney U Test)
of the measured variables showed that there were no
significant differences between the traumatic and the
non-traumatic group in terms of LOS-overall score,
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CTSIB scores (EO-firm, EC-firm, EO-foam, EC-foam)
and NPDI scores (p > 0.05) (Table 2).

DISCUSSION

The results of the present study showed that there
were no significant differences in postural control and
disability between patients with traumatic and the
non-traumatic neck pain. Our hypothesis that postural
control of people with traumatic neck pain is
significantly poorer than that of people with non-
traumatic neck pain has not been validated in this
study.

Postural control emerges by examining incoming
proprioceptive information and producing appropriate
feedback on this information (20). Impaired postural
control is manifested by an enlarged swing area and
altered swing speed, meaning that the response of
postural control to incoming stimuli is delayed. Both
peripheral and central alterations might thus affect
this process (21).

A trauma might directly stimulate peripheral
adaptations, such as decreased function of muscle
and joint receptors, directly or indirectly due to an
inflammatory reply. Trauma-induced muscular
alterations may negatively affect muscle spindles and
subscribe to the increased repositioning error and
lack of postural control (22).

Although there were many studies on postural control
in patients with neck pain, only few have investigated
the relation of the possible cause of pain with postural
control. While some researchers compared postural
control between non-specific neck pain patients and
healthy individuals (9,11), others compared postural
control of individuals with traumatic neck pain with
that of healthy ones (13,22). In few studies, this
relationship was investigated in a specific gender or
occupation group (10,12).

Vuillerme and Pinsault examined the effect of neck
pain on standing balance on a force platform in young
healthy adults. The results of their study showed that
there was increased postural balance in condition
with the pain when compared to no pain. Researchers
expressed the destabilizing effect of neck pain, and
verify the importance of exact neck neuromuscular
function on the maintenance of an upright posture
(23). Amaral et al. compared postural control in
university students with chronic idiopathic subclinical
neck pain with an age-matched group of
asymptomatic ones. Their results showed that there
was no difference between the groups in terms of
postural control. However, they found that university
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Table 1. Demographic characteristics and pain intensity of the groups.

Traumatic Non-traumatic Mwu p value
(n=22) (n=70)
Age, years 47.0 (35.3-53.3) 44.5 (35.8 — 54.0) 755000 0.8912
BMI, kg/m? 25.7 (22.5 -29.3) 26.0 (24.0 — 30.5) 684500 0.4342
Pain intensity
NPRS - Rest 45(1.8-7.0) 4.0 (3.0-6.0) 699500 0.5162
NPRS - Activity 8.0 (4.8-8.0) 8.0 (6.0 -10.0) 678500 0.3932
Gender, % X2
Female 14 (%63.6) 48 (%68.6) 0.186 0.667 ©
Male 8 (%36.4) 22 (%31.4)
a Mann-Whitney U (MWU) Test, b Chi-square (x2) Test
BMI Body mass index, NPRS Numeric pain rating scale
Values are presented as median (interquartile ranges) for age, body mass index, and pain intensity.
Table 2. Comparison of the measured variables between groups.
Traumatic Non-traumatic Mwu p value
(n=22) (n=70)
LOS
LOS-Overall 51.50 (42.50 — 61.00) 51.00 (42.75 — 57.25) 701500 0.530
LOS-time 0.38 (0.34 — 0.42) 0.43 (0.36 — 0.49) 565500 0.061
CTSIB
EO-Firm 0.43 (0.35-0.59) 0.39 (0.28 — 0.54) 666500 0.343
EC-Firm 0.60 (0.47 — 0.87) 0.68 (0.51 - 0.86) 677000 0.394
EO-Foam 0.85 (0.67 — 1.22) 0.79 (0.62 — 0.95) 615500 0.157
EC-Foam 1.63 (1.27 - 1.96) 1.73 (1.40 — 2.01) 682000 0.420
Disability
NPDI 37.00 (25.50 — 60.00) 36.00 (25.50 — 44.50) 698500 0.512

Mann-Whitney U (MWU) Test
Values are presented as median (interquartile ranges)

CTSIB Clinical test of sensory interaction of balance, EC Eyes closed, EO Eyes open, LOS Limits of stability,

NPDI Neck pain disability index

students who have lower intensity neck pain and
lower disability presented lower postural control (11).
Jorgensen et al. investigated postural balance in
cleaners with and without neck pain in variety
conditions. The main finding of their study was that
cleaners with neck pain had impaired postural
balance compared to cleaners without neck pain (12).
Unlike these studies, our study was conducted in
patients with traumatic and non-traumatic chronic
neck pain and we used LoS and CTSIB tests to
assess postural control.

There are also studies investigated postural control in
patients with WAD, a trauma-originated event. In the
study of Juul-Kristensen et al., postural control in
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patients with WAD were compared with healthy
controls. Researchers assessed postural control of
participants on a force plate in different ways. They
concluded that subjects with WAD had poorer
postural control than the control subjects. Their
results also indicated that there was disturbed
sensory feedback patterns in WAD when limited light
and/or the diminished physical area. Their results
may suggest that Whiplash trauma might negatively
affect cervical proprioception, thereby reducing
control of posture (10).

Field et al. investigated postural control in subjects
with WAD, subjects with idiopathic neck pain (INP)
and the healthy individuals. Participants performed
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standing balance tests in 3 different position (13). The
age range of subjects was restricted to 18—45 years
in this study and the Center of Pressure (CoP)
changes in the mediolateral and anteroposterior
directions were measured. The authors showed that
postural control deficiency exist in both subjects with
WAD and INP compared to controls, however,
differentiations in postural control strategies might
obtain between the neck pain groups. Overall,
traumatic patients showed greater postural control
inconveniences. Unlike this study, the age range of
the participants in our study was between 18 and 65
years, and participants performed LoS test on an 8-
point platform as well as sensory interaction balance
test in firm and foam surfaces when eyes-open and
closed. Our results showed that postural control
values were similar in individuals with traumatic and
non-traumatic neck pain. This result may be due to
the characteristics of our sample which consisted of
patients with chronic neck pain. The negative effects
of trauma on tissues may be healed over time even
though pain, which was expected to be more
associated with the nervous system -in other words
“centralized”- by the time, still persists (24).

Similar to the study of Field et al., Michaelson et al.
compared postural performance of patients with
work-related chronic neck pain (WRCNP) with that of
patients with chronic WAD (25). They measured the
ability to maintain postural control in variety standing
conditions. They found that patients with chronic
WAD showed larger sway areas. Based on the
differences found, the authors also concluded deficits
in proprioception and somatosensory control may be
the main factors describing the clinical condition in
different chronic neck pain conditions rather than the
chronic pain itself. Somatosensory impairments were
greater in those with traumatic neck pain, with
possibly a reduced ability to fulfill to the postural
control system. In addition, sample size of their study
consisted of only nine participants in each group and,
therefore, their results might be misleading (25).
Although studies suggest that postural control of
patients with traumatic neck pain might have been
more impaired when compared to non-traumatic
patients, postural control of the two groups were
similar in our study. The fact that all patients were in
the chronic stage of neck pain in our study may have
caused lack of difference in postural control between
the groups. Effects of trauma on peripheral tissues
that contribute to postural control such as
proprioceptors or proprioceptive afferents may have
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been neutralized at least 12 weeks after the trauma,
thus deficits in postural control may have been
eliminated.

Patients with chronic neck pain may experience
disability due to physiological and psychological
changes. Elliot et al. compared disability levels in
patients with traumatic neck pain and idiopathic neck
pain. Results of their study showed that the idiopathic
group had a significantly lower neck pain—related
disability than the WAD group. Researchers stated
that decreased muscle function, kinesiophobia and
pain level might have an effect on the emergence of
this result (16). However, our results revealed that
there was no significant difference between the
traumatic and the non-traumatic group in terms of
disability. This result may be due to the similarities of
the demographic characteristics and the pain
intensity levels of the groups.

The major strengths of the current study could be the
assessment of postural control in a detailed manner
using LOS and CTSIB tests via computerized
technology and the blinding of the assessor.
Therefore, the results obtained from our study can be
accurate and instructive by performing the objective
measurements with  standardized equipment.
Furthermore, all the subjects were tested by the same
assessor, thereby minimizing inter-examiner bias.
This study has also some limitations. First, the
relatively low number of traumatic patients can be
considered as a limitation. Second, the inclusion of a
healthy control group could have been useful in
interpreting our results. The last, we only recruited
patients with chronic neck pain to the study. Future
studies should investigate the relation of trauma
history with postural control and disability in patients
with either acute, subacute or chronic neck pain.

CONCLUSION

In conclusion, postural control and disability do not
differ between patients with traumatic and non-
traumatic neck pain. Therefore, from a clinical
perspective, there does not seem to be a need for
evaluating trauma history of a patient with neck pain
when postural control or disability to be assessed.
Moreover, it may not be necessary to consider the
traumatic or non-traumatic onset of pain when
designing rehabilitation programs to improve postural
control and disability in patients with neck pain.

Acknowledgement: None.
Author contribution: Study Conception and Design: M. Tomruk,
M. Soysal-Tomruk, O. Kalemci; Material Preparation: M. Tomruk,



J Basic Clin Health Sci 2023; 7: 443-449

M. Soysal-Tomruk, O. Kalemci; Data Collection: M. Tomruk, M.
Soysal-Tomruk, O. Kalemci; Analysis: M. Tomruk, M. Soysal-
Tomruk, O. Kalemci. The first draft of the manuscript was written
by Murat TOMRUK and Melda SOYSAL TOMRUK and all authors
commented on previous versions of the manuscript. All authors
read and approved the final manuscript.

Conflict of interests: None.

Ethical approval: This study conformed to The Declaration of
Helsinki, fulfilling all ethical requirements and was approved by
Dokuz Eyliil University ethics committee (Decision No: 2019/03-11,
13.02.2019).

Funding None

Peer-review: Externally peer-reviewed.

REFERENCES

1.

10.

11.

Fejer R, Kyvik KO, Hartvigsen J. The prevalence
of neck pain in the world population: a systematic
critical review of the literature. Eur Spine J
2006;15:834-848

Fejer R, Hartvigsen J. Neck pain and disability
due to neck pain: what is the relation. Eur Spine
J 2008;17:80-88.

Ris 1, Juul-Kristensen B, Boyle E, et al. Chronic
neck pain patients with traumatic or non-
traumatic onset: Differences in characteristics. A
cross-sectional study. Scand J Pain 2017;14:1-8.
Woodhouse A, Vasselien O. Altered motor
control patterns in whiplash and chronic neck
pain. BMC Musculoskelet Disord 2008;9:90.
Chien A, Sterling M. Sensory hypoaesthesia is a
feature of chronic whiplash but not chronic
idiopathic neck pain. Man Ther 2010;15:48-53.
Jull G, Kristjansson E, Dall’Alba P. Impairment in
the cervical flexors: a comparison of whiplash and
insidious onset neck pain patients. Man Ther
2004;9:89-94.

Sterling M. Neck pain: much more than a
psychosocial condition. J Orthop Sports Phys
Ther 2009;39:309-311.

Treleaven J. Sensorimotor disturbances in neck
disorders affecting postural stability, head and
eye movement control. Man Ther 2008;13(1):2-
11.

Ruhe A, Fejer R, Walker B. On the relationship
between pain intensity and postural sway in
patients with non-specific neck pain. J Back
Musculoskelet Rehabil 2013;26(4):401-409.
Juul-Kristensen B, Clausen B, Ris I, et al.
Increased neck muscle activity and impaired
balance among females with whiplash-related
chronic neck pain: a cross-sectional study. J
Rehabil Med 2013;45(4):376-384.

Amaral G, Martins H, Silva AG. Postural control
in subclinical neck pain: a comparative study on

448

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Tomruk M et al. Postural Control in Neck Pain

the effect of pain and measurement procedures.
Scand J Pain 2018;18(2):295-302.

Jorgensen MB, Skotte JH, Holtermann A, et al.
Neck pain and postural balance among workers
with high postural demands - a cross-sectional
study. BMC Musculoskelet Disord 2011;12,176.
Field S, Treleaven J, Jull G. Standing balance: a
comparison between idiopathic and whiplash-
induced neck pain. Man Ther 2008;13(3):183-
191.

Falla D, Peolsson A, Peterson G, et al. Perceived
pain extent is associated with disability,
depression and self-efficacy in individuals with
whiplash-associated disorders. Eur J Pain 2016;
20(9): 1490-1501.

Ris I, Barbero M, Falla D, et al. Pain extent is
more strongly associated with disability,
psychological factors, and neck muscle function
in people with non-traumatic versus traumatic
chronic neck pain: a cross sectional study. Eur J
Phys Rehabil Med 2019; 55(1) :71-78.

Elliott JM, Pedler AR, Jull GA, et al. Differential
changes in muscle composition exist in traumatic
and nontraumatic neck pain. Spine (Phila Pa
1976) 2014;39(1):39-47.

Sherafat S, Salavati M, Takamjani IE, et al.
Intrasession and intersession reliability of
postural control in participants with and without
nonspecific low back pain using the Biodex
Balance System. J Manipulative Physiol Ther
2013;36(2),111-118.

Cleland JA, Childs JD, Whitman JM.
Psychometric properties of the Neck Disability
Index and Numeric Pain Rating Scale in patients
with mechanical neck pain. Arch Phys Med
Rehabil 2008;89(1):69-74.

Aslan E, Karaduman A, Yakut Y, et al. The
cultural adaptation, reliability and validity of neck
disability index in patients with neck pain: a
Turkish version study. Spine 2008; 33(11), E362-
E365.

Proske U, Gandevia SC. The proprioceptive
senses: their roles in signaling body shape, body
position and movement, and muscle force.
Physiol Rev 2012;92:1651-1697.

de Vries J, Ischebeck BK, Voogt LP, et al. Joint
position sense error in people with neck pain: a
systematic review. Man Ther 2015;20:736-744.
De Pauw R, Coppieters |, Palmans T, et al. Motor
impairment in patients with chronic neck pain:
does the traumatic event play a significant role?



J Basic Clin Health Sci 2023; 7: 443-449 Tomruk M et al. Postural Control in Neck Pain

A case-control study. Spine J 2018;18(8):1406-
1416.

23. Vuillerme N, Pinsault N. Experimental neck
muscle pain impairs standing balance in humans.
Exp Brain Res 2009;192(4):723-729.

24. Moseley GL, Butler DS. Fifteen years of
explaining pain: the past, present, and future. J
Pain 2015;16(9),807—-813.

25. Michaelson P, Michaelson M, Jaric S, et al.
Vertical posture and head stability in patients with
chronic neck pain. J Rehabil Med 2003;35:229—
235.

449



