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Abstract

Background. Neck pain is a widespread complaint. People experiencing neck pain often
present an altered timing in contraction of cervical muscles. This (altered) afferent
information elicits the cervico-ocular reflex (COR), which stabilizes the eye in response to
trunk-to-head movements. The vestibulo-ocular reflex (VOR) elicited by the vestibulum is

thought to be unaffected by afferent information from the cervical spine.

Objective. Measurement of COR and VOR in people with non-specific neck pain.

Design. Cross-sectional design according to the STROBE statement.

Methods. An infrared eye-tracking device was used to record the COR and the VOR while
the participant was sitting on a rotating chair in darkness. Eye velocity was calculated by

taking the derivative of the horizontal eye position. Parametric statistics were performed.

Results. The mean COR gain in the control group (N= 30) was 0.26 (SD= 0.15), against 0.38
(SD= 0.16) in the non-specific neck pain group (N= 37). Analyses of covariance were
performed to analyze differences in COR and VOR gains with age and gender as covariates.
Analyses of covariance showed a significantly increased COR in people with neck pain (p=
0.046). The VOR between the control group with a mean VOR of 0.67 (SD=0.17) and the
non-specific neck pain group with a mean VOR of 0.66 (SD=0.22) was not significantly

different (p=0.203).

Limitations. Measuring eye movements while the participant is sitting on a rotating chair in

complete darkness is technically complicated.

Conclusions. This study suggests that people with non-specific neck pain have an increased
COR. The COR is an objective non-voluntary eye reflex and an unaltered VOR. This study

shows that an increased COR is not restricted to traumatic neck pain patients.

3

Downloaded from http://ptjournal.apta.org/ at New York University on February 8, 2016


http://ptjournal.apta.org/

Introduction

Neck pain is a major problem worldwide, and is a common reason for individuals to seek care
from physiotherapists and manual therapists.! 2 In addition to pain, concomitant symptoms are
often present, including headache (65% of cases), dizziness (31%)3, and visual disturbances.*
Visual disturbances in people with neck pain might be related to deficits in oculomotor
control.>® In the majority of people with neck pain, a specific cause cannot be identified, and

the term "non-specific neck pain" is used.® 1°

People experiencing neck pain often present functional disorders (such as an altered timing in
contraction) of the cervical muscles, such as the m. longus colli and the m. longus capitis.!*3
These cervical muscles provide information to, and receive information from, the central
nervous system.#16 Animal studies have showed that pain has profound effects on muscle
spindle afferents.!” 18 In humans, cervical pain leads to, for instance, a worse joint position
sense indicating a disturbed proprioception.®-2* Afferent information from the cervical
muscles is sent to the vestibular nuclei where it converges with other information regarding
head movements relayed by the visual and vestibular systems.?? It can be argued that
incongruences between the cervical, vestibular, and visual systems are likely to be associated

with dizziness and decreased postural stability.??

The cervical afferents are not only important for controlling head movements. They are also
involved in the cervico-ocular reflex (COR). The COR stabilizes the eye in response to trunk-
to-head movements.?*?® The COR operates in conjunction with the vestibulo-ocular reflex
(VOR). The VOR stabilizes the eye in response to vestibular input, i.e., movements of the
head in space. The COR is elicited by proprioception of the facet joints of the cervical spine
and deep muscles of the neck. The strength of the COR can be modified as a result of altered
visual input?” and by immobilization of the cervical spine by means of a stiff neck collar.?®

4
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The COR increases in people aged over 60 years as a compensatory mechanism for the

sensory loss of the vestibulum.?. In people with a Whiplash Associated Disorder (WAD), this

compensatory mechanism is not seen? 30, The strength of the COR is increased in people
with WAD although there is no compensatory decline in VOR.3% 3! To date, no research on

COR in people with non-specific neck pain has been conducted.

Here we describe the two eye movement reflexes (COR and VOR) in people with non-
specific neck pain who are likely to have deficits in neck proprioception.? Therefore, we

expect that the COR but not the VOR will be altered, compared to healthy controls.

Methods

The guidelines of the STROBE statement (Strengthening the Reporting of Observational

Studies in Epidemiology)®® were used for the outline of this paper.

Design Overview
We conducted a cross-sectional study involving participants with neck pain and healthy

controls.

Setting and Participants
Participants with neck pain were recruited via physiotherapy practices in Rotterdam, The

Netherlands. People with non-specific neck pain were asked personally by their

physiotherapist to participate in the study. These physiotherapists had been briefed about the

study and had information letters for the patients. If patients formally consented to being

contacted by the investigator, the physiotherapist contacted the investigator. Healthy controls

were recruited by means of an information letter spread among co-workers, students, and
other people in the Erasmus University Medical Center and the Rotterdam University of

Applied Sciences having no personal or legal relationship with the investigator. All
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participants were recruited and tested between October 2012 and September 2014. The study
was approved by the local ethical board of the Erasmus MC. All participants gave prior

written informed consent.

Participants with neck pain were eligible if they 1) were between the ages of 18 and 65 years;
2) spoke Dutch; 3) experienced non-specific neck pain (defined as the sensation of mild to
moderate pain and discomfort in the neck area with possible radiation to the thoracic spine
and one or both shoulders) continuously for less than one year; and 4) were physically able to
undergo COR and VOR measurements (which involved sitting immobilized in a chair for 30
minutes). Participants were excluded if they: 1) used medication that influenced alertness or
balance (e.g., benzodiazepines, barbiturates); 2) suffered from any neurological disorder, or
had vestibular or visual problems; or 3) had a history of neck trauma (a history would make
the diagnosis specific instead of non-specific). Healthy controls were eligible if they; 1) were
between the ages of 18 and 65; 2) spoke Dutch; 3) had not experienced any complaints of the
cervical spine (including cervicogenic headache and dizziness) in the last 5 years; and 4) were

without a history of neck trauma.

Demographic and Clinical Characteristics

Participants filled in a standard demographic questionnaire (gender and age were measured
and labeled as possible confounders). In participants with neck pain, the intensity of perceived
pain was evaluated using a numeric pain rating scale (NRPS), the functional disability due to
neck pain was evaluated using the Neck Disability Index (NDI), and the Dizziness Handicap
Inventory (DHI) was used to assess the perceived handicap due to dizziness. The NRPS, NDI,

and DHI have shown good psychometric properties in people with neck pain.34-3

In all participants, the cervical range of motion (CROM) was measured with a CROM device

(Performance Attainment Associates, USA). The CROM device consists of a magnet and
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three compass-like instruments positioned in the three directions of neck mobility (rotation,
flexion/extension, and lateroflexion). The CROM measures the maximum range of motion (in

degrees) in each of these directions.*’

Recording of Reflexive Eye Movements

Monocular (left) eye positions were recorded by infrared video-oculography (Eyelink 1, SMI,
Germany: see van der Geest & Frens®®) at a sample rate of 250 Hz. Eye position was
calibrated using the built-in nine-point calibration routine. Eye movements were recorded
during either cervical or vestibular stimulation in complete darkness by rotating the chair in
which the participant was seated. The chair was attached to a motor (Harmonic Drive,
Germany) that ensured sinusoidal chair rotation without any backlash. The trunk was fixed to
the chair at shoulder level by a double-belt system. A sensor connected to the chair recorded

chair position, and stored the data on a computer along with eye positions.

In both stimulation paradigms (COR and VOR), participants were instructed to keep their
eyes open during the stimulation and to look at a position directly in front of the set-up. This
position was briefly indicated by means of a laser dot before the rotation started. Head
position was fixed in both conditions by means of a custom-made biteboard. In both
stimulation paradigms, the position of the biteboard was set so that the axis of rotation was

under the midpoint of the inter-aural line.

During the COR stimulation, the biteboard was mounted to the floor to fix the position of the
head in space (see Figure 1). Rotation of the chair induced pure cervical stimulation, which
elicits the COR in isolation. The chair was rotated for 134 seconds around the vertical axis
with an amplitude of 5.0 degrees and a frequency of 0.04 Hz. This yielded 5 full sinusoidal
rotations of the chair with a peak velocity of 1.26 degrees/s. During the VOR stimulation, the

biteboard was mounted to the chair so that rotation of the chair induced pure vestibular
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stimulation (see Figure 1). The chair was rotated for 33 seconds around the vertical axis with
an amplitude of 5.0 degrees and a frequency of 0.16 Hz. This yielded 5 full sinusoidal

rotations of the chair with a peak velocity of 5.03 degrees/s.

Cervico-Ocular Reflex

s

Vestibulo-Ocular Reflex

rotaﬁng Cha;'r

biteboard

r Otating Chajr

Figure 1. A schematic representation of the experimental set-up. In both paradigms the
participants had to look at a position directly in front of the set-up. For the COR, the body of
the subjects was rotated while the head of the participants was held fixed relative to the floor
to fixate the position of the head in space. For the VOR, the body of the subjects was rotated
while the head of the participants was held fixed relative to the chair.

Data Processing and Analyses

Eye velocity was calculated by taking the derivative of the horizontal eye position signal.
After removal of blinks, saccades, and fast phases (using a 20 degrees-per-second threshold),
a sine wave was fitted through the eye velocity signal data. Stimulus velocity was derived
from chair position (COR and VOR measurement) data. The gain of the response was defined
as the amplitude of the eye velocity fit divided by the peak velocity of the chair rotation

(COR: 1.26 degrees/s, VOR: 5.03 degrees/s). Therefore, a gain of one reflects that the peak

8
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velocity of the eye was the same as the peak velocity of the chair rotation. All data processing

was done with Matlab R2013a (The MathWorks Inc., Natick, MA).

Statistical Analysis

Descriptive statistics were computed for the entire sample for the gains of the COR and VOR
(outcome parameters), NDI, DHI, perceived pain, CROM (outcome variables), and age and
gender (possible confounders). Since the data was distributed normally (Kolmogorov-
Smirnov test), parametric statistics were applied. Two analyses of covariance (ANCOVA)
were performed to analyze differences in COR and VOR gains, respectively, between healthy
controls and participants with neck pain with age and gender as covariates. Correlations
between the gains (outcome parameters) and outcome variables were assessed using Pearson
correlation coefficients. An alpha level of P < 0.05 was considered significant for all
statistical tests. The data was analyzed with IBM SPSS Statistics for Windows, version 22

(IBM Corp., Armonk, NY).

Results

Forty one participants with neck pain and 30 healthy controls participated in the study. Eye
movement recordings were successful in 37 participants with neck pain. In two participants, it
was not possible to track the eye of the participant; in one participant, calibration of the eye

tracking failed, and in one participant we failed to store the data properly on the hard disk.

Table 1 shows the group characteristics. Healthy controls were on average 13.8 years younger
than participants with neck pain. There was a correlation between the VOR gain and age in

the control group (r=0.370, p=0.048). In the neck pain group, there was no correlation

between the VOR gain and age (r=0.163, p=0.364). No other correlations between age, COR

gain, VOR gain, and the CROM were found within each group (all r <0.291).
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TABLE 1

Comparison of demographic and questionnaire data between asymptomatic controls and participants

with neck pain.

Age in years
Male/female

COR

VOR

CROM Rotation

CROM flexion/extension
Pain

Neck Disability Index
Dizziness Handicap

Inventory

Control (N=30)

Neck pain (N=37)

Mean (SD) 95% CI Mean (SD) 95% CI
28.3(9.1) 25.7,32.3 42.1 (12.3)* 36.5, 44.9
15/15 - 12/25 -

0.26 (0.15) 0.21,0.32 0.38 (0.16)* 0.31,0.42
0.67 (0.17) 0.61,0.74 0.66 (0.22) 0.56, 0.72
139 (18) 133, 146 134 (27) 126, 145
133 (23) 123, 139 111 (25)* 103, 122
- - 4.1 (2.0) 35,48

- - 23.4 (12.8) 20.5, 28.4
- - 18.2 (17.3) 12.3,24.7

NDI scores range from 0 (no disability) to 100 (maximal disability), DHI scores range from 0 (no
disability) to 100 (maximal disability), CROM= cervical range of motion. Age and gender were

identified as possible confounders.
* Significant difference between control and neck pain group at p < 0.05.
Participants with neck pain showed an increased COR after controlling for age and gender,

F(1,62) =4.15, p=0.046, 1*=0.063), but no significant difference in VOR F(1,58)=1.66 p=

0.203, n*=0.028), compared to healthy controls. The CROM was reduced in participants with

non-specific neck pain in the vertical plane (flexion/extension, F(1,60)=4.21, p= 0.045,

1n*=0.066), but not in the horizontal plane (Rotation, F(1,60)= 0.33, p=0.568, n>=0.005).

The correlation between the gains of the two eye movement reflexes was not significant when

the data were pooled (r= 0.211, p=0.102; Figure 2), or analyzed per group, neck pain group

(r=0.304, p=0.091) and in the control group (r=0.152, p=0.431).

10
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Figure 2. Scatterplot of the COR and VOR for all participants.
In addition, correlations between the COR or VOR on the one hand, and pain levels, location

of the neck pain, range of motion of the cervical spine, NDI, or DHI scores on the other hand
were not significant (r between 0.037 and -0.233, all p > 0.172). The correlation between
COR gain and pain level at the moment of measurement was close to significance (r=-0.304,

p=0.07).

Discussion
We observed a higher COR but an unaltered VOR in a group of participants with non-specific
neck pain group compared to a group of healthy controls. This is the first study investigating

the COR in non-traumatic neck pain. Similar results were obtained in a previous study in

11
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people with WAD.® This suggests that an increased COR is not restricted to specific patient

groups with neck pain.

An explanation for an increased COR in people with neck pain could be altered afferent
information from the cervical spine. In the cervical spine, the information from muscles is a
dominant source of information.3 %° Deficits in afferent information are suggested by MRI
studies showing a widespread presence of fatty infiltrates in the neck muscles of patients with
chronic whiplash®! and to a lesser extent in idiopathic neck pain.*? Furthermore, muscles of
the cervical spine (especially in the suboccipital region) have an exceptionally high density of
muscle spindles.*® #* An alteration of afferent information of the cervical spine is therefore

likely to affect the COR.

Another explanation is that people with neck pain avoid movements in the end-range of
motion. This could also alter afferent information of the cervical spine and, in turn, affect the
COR. Our data suggest that this might be the case for the vertical plane where we observed a
reduction in the range of motion in participants with neck pain. However, the higher age in
the non-specific neck pain group could also explain the reduced range of motion.*® In the
rotational plane, there was no difference between the two groups in contrast to other studies.*®
This difference could be explained by the low to moderate neck pain and disability levels in

our neck pain group.

Normally, the afferent information from the vestibular and cervical system cooperate in order
to maintain a clear visual image during head and eye movements #’. Our findings suggest that
the VOR does not compensate for the increased COR in the neck pain group. This mismatch
between COR and VOR could lead to visual disturbances ,* dizziness,*® and postural control

disturbances.**-! In our study, we found no correlation between pain levels, dizziness and the

12
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COR. This lack of correlation could be explained by the fact that the study population scored

rather low on both the DHI and NPRS.

Measuring eye movements in patients might be useful for diagnostic and therapeutic
purposes. For instance, it is not possible to influence COR deliberately. This makes the COR
an objective outcome measure of oculomotor function that could be used as an additional test
in clinical settings. This objectivity contrasts with other rather subjective outcome measures
used to diagnose neck pain, such as questionnaires on disabilities and pain intensity.
However, objectively quantifying the ocular reflexes also has some limitations. For instance,
eye movements need to be measured with adequate precision and accuracy. In the present
study, we measured reflexive eye movements by means of video-oculography.®® 52 53
Measuring eye movements while the participant is sitting on a rotating chair in complete
darkness is technically complicated. Furthermore, video-oculography is rather expensive. A
cheaper and easier way to measure eye movements is by means of electro-oculography

(EOG). Although this method is widely used in clinical settings, it is less suitable for

recording VOR and COR eye movements due to its limited accuracy and reliability.5% 53

Another limitation is related to the fact that that we only observed group effects. It would be
interesting to investigate the possibility of assessing oculomotor control on an individual
level, or as part of a function profile of people with neck pain. Another interesting question
yet to be answered is whether it is possible to use the COR as an outcome measure to evaluate
the effectiveness of interventions in people with neck pain. In a future study, we will make a
direct comparison of the COR between people with non-specific neck pain, people with
WAD, and people without neck pain. It might well be that there is an difference between in

the COR between these groups. Another interesting direction for future research could be to

13
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investigate the relationship between COR and visual complaints, which occur frequently in

people with neck pain®.

We conclude that a deficit in eye stabilization function, namely an increased COR, can also be
observed patients suffering from neck pain without any direct causes, i.e., non-specific neck
pain. We suggest that the evaluation of oculomotor control in patients with neck pain and
concomitant symptoms such as decreased postural stability might be worthwhile in clinical

settings.>*

14

Downloaded from http://ptjournal.apta.org/ at New York University on February 8, 2016


http://ptjournal.apta.org/

Acknowledgments

Mr de Vries, Ms Ischebeck, Mr Voogt, Professor Dr Frens, Professor Dr Kleinrensink, and Dr
van der Geest provided concept/idea/research design. Mr de Vries, Mr Voogt, Professor Dr
Kleinrensink, and Dr van der Geest provided writing and project management. Mr de Vries,
Ms Ischebeck, Miss Janssen, and Dr van der Geest provided data collection. Mr de Vries and
Dr van der Geest provided data analysis. Professor Dr Kleinrensink provided fund
procurement and administrative support. Ms Janssen provided participants. Professor Dr
Frens, Professor Dr Kleinrensink, and Dr van der Geest provided facilities/equipment. Ms
Ischebeck, Mr Voogt, Ms Janssen, Professor Dr Kleinrensink, and Dr van der Geest provided
consultation (including review of manuscript before submission). The authors thank all of the
willing participants and the physical therapists in Rotterdam who informed their patients of

the possibility of taking part in this study.

The authors are grateful for the financial support of TC2N (EU Interreg; Professor Dr Frens

and Dr vam der Geest), and Stichting Coolsingel (Professor Dr Frens).

DOI: 10.2522/ptj.20150211

15

Downloaded from http://ptjournal.apta.org/ at New York University on February 8, 2016


http://ptjournal.apta.org/

References

11.

12.

13.

14.

15.

16.

17.

18.

Coté P, Cassidy JD, Carroll L. The Saskatchewan Health and Back Pain Survey: The
Prevalence of Neck Pain and Related Disability in Saskatchewan Adults. Spine.
1998;23(15):1689-1698.

Hogg-Johnson vdVG, Carroll LJ, Holm LW, Cassidy JD, Guzman J, C6té P,
Haldeman S, Ammendolia C, Carragee E, Hurwitz E, Nordin M, Peloso P. The
Burden and Determinants of Neck Pain in the General Population: Results of the Bone
and Joint Decade 2000-2010 Task Force on Neck Pain and Its Associated Disorders.
Spine. 2008;33:39-51.

Leaver AM, Maher CG, McAuley JH, Jull GA, Refshauge KM. Characteristics of a
new episode of neck pain. Manual Therapy. 2012(0).

Treleaven J, Takasaki H. Characteristics of visual disturbances reported by subjects
with neck pain. Manual Therapy. 6// 2014;19(3):203-207.

Kelders K, van der Geest, Schipper, Feenstra, Zeeuw, and Frens. The Cervico-Ocular
Reflex Is Increased in Whiplash Injury Patients Journal of Neurotrauma.
2005;22(1):133-137.

Tjell R. Smooth pursuit neck torsion test: a specific test for cervical dizziness.
American Journal of Otology. 1998;19(1):76-81.

Treleaven J, Jull G, Grip H. Head eye co-ordination and gaze stability in subjects with
persistent whiplash associated disorders. Manual Therapy. 6// 2011;16(3):252-257.
Storaci R, Manelli A, Schiavone N, Mangia L, Prigione G, Sangiorgi S. Whiplash
injury and oculomotor dysfunctions: clinical-posturographic correlations. European
Spine Journal. 2006;15(12):1811-1816.

Bogduk N. Neck Pain. Aust. Fam. Physician. 1984;13:26-30.

Borghouts JAJ, Koes BW, Bouter LM. The clinical course and prognostic factors of
non-specific neck pain: a systematic review. Pain. 7// 1998;77(1):1-13.

Falla D, Jull G, Hodges PW. Feedforward activity of the cervical flexor muscles
during voluntary arm movements is delayed in chronic neck pain. Experimental Brain
Research. 2004/07/01 2004;157(1):43-48.

O’Leary S, Falla D, Jull G, Vicenzino B. Muscle specificity in tests of cervical flexor
muscle performance. Journal of Electromyography and Kinesiology. 2//
2007;17(1):35-40.

Boyd-Clark LCB, C. A. and; Galea, M. P. . Muscle Spindle Distribution, Morphology,
and Density in Longus Colli and Multifidus Muscles of the Cervical Spine. Spine.
2002;27(7):694-701.

Bolton PS, Kerman IA, Woodring SF, Yates BJ. Influences of neck afferents on
sympathetic and respiratory nerve activity. Brain Research Bulletin. 1998;47(5):413-
419.

Hellstrom F, Roatta S, Thunberg J, Passatore M, Djupsjébacka M. Responses of
muscle spindles in feline dorsal neck muscles to electrical stimulation of the cervical
sympathetic nerve. Experimental Brain Research. 2005;165(3):328-342.

Kalaska. Central neural mechanisms of touch and proprioception. Canadian journal of
physiology and pharmacology. 1994;72(5):542-545.

Djupsjobacka M, Johansson H, Bergenheim M, Wenngren BI. Influences on the -
muscle spindle system from muscle afferents stimulated by increased intramuscular
concentrations of bradykinin and 5-HT. Neuroscience Research. 6// 1995;22(3):325-
333.

Thunberg J, Hellstrém F, Sjolander P, Bergenheim M, Wenngren B-1, Johansson H.
Influences on the fusimotor-muscle spindle system from chemosensitive nerve endings

16

Downloaded from http://ptjournal.apta.org/ at New York University on February 8, 2016


http://ptjournal.apta.org/

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

in cervical facet joints in the cat: possible implications for whiplash induced disorders.
Pain. 3// 2001;91(1-2):15-22.

Chen X, Treleaven J. The effect of neck torsion on joint position error in subjects with
chronic neck pain. Manual Therapy. 2013;18(6):562-567.

Kristjansson J. A study of five cervicocephalic relocation tests in three different
subject groups. Clinical Rehabilitation. 2003;17(7):768-674.

de Vries J, Ischebeck BK, Voogt LP, et al. Joint position sense error in people with
neck pain: A systematic review. Manual Therapy. (0).

Corneil BD, Olivier E, Munoz DP. Neck Muscle Responses to Stimulation of Monkey
Superior Colliculus. 11. Gaze Shift Initiation and Volitional Head Movements. Journal
of Neurophysiology. October 1, 2002 2002;88(4):2000-2018.

Kristjansson T. Sensorimotor function and dizziness in neck pain: implications for
assessment and management. Journal of Orthopaedic Sports and Physical Therapy.
2009;39(5).

Barany. Augenbewgungen durch Thoraxbewegungen ausgelost. Zentralbl Physiol.
1906;20:298-302.

Barany. Uber enige Augen- Und Halsmuskelreflexe beei Neugeborene. Acta
Otolaryngol (Stockh). 1918/1919;1:97-102.

Reisman JE, Anderson JH. Compensatory eye movements during head and body
rotation in infants. Brain research. Apr 10 1989;484(1-2):119-1209.

Rijkaart DC, Geest JN, Kelders WP, Zeeuw CI, Frens MA. Short-term adaptation of
the cervico-ocular reflex. Experimental Brain Research. 2004;156(1):124-128.
Montfoort I, Van Der Geest JN, Slijper HP, De Zeeuw CI, Frens MA. Adaptation of
the cervico- and vestibulo-ocular reflex in whiplash injury patients. J Neurotrauma.
Jun 2008;25(6):687-693.

Kelders K, van der Geest, Feenstra, de Zeeuw, and M A Frens. Compensatory increase
of the cervico-ocular reflex with age in healthy humans. Journal of Physiology.
2003;553(1):311-317.

Montfoort I, Kelders WP, van der Geest JN, et al. Interaction between ocular
stabilization reflexes in patients with whiplash injury. Invest Ophthalmol Vis Sci. Jul
2006;47(7):2881-2884.

Gimse R, Tjell C, Bjorgen IA, Saunte C. Disturbed Eye Movements after Whiplash
Due to Injuries to the Posture Control System. Journal of Clinical and Experimental
Neuropsychology. 1996/04/01 1996;18(2):178-186.

Strimpakos N. The assessment of the cervical spine. Part 1. Range of motion and
proprioception. J Bodywork Mov Ther. 2011;15(1):114-124.

von Elm E, Altman DG, Egger M, Pocock SJ, Gatzsche PC, Vandenbroucke JP. The
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)
statement: guidelines for reporting observational studies. The Lancet.
11;370(9596):1453-1457.

L. Vereeck ST, F.L. Wuyts, P.H. Van De Heyning. Internal consistency and factor
analysis of the Dutch version of the Dizziness Handicap Inventory. Acta oto-
laryngologica. 2007;127:788-795.

Ailliet L, Rubinstein SM, de Vet HCW, van Tulder MW, Terwee CB. Reliability,
responsiveness and interpretability of the neck disability index-Dutch version in
primary care. European Spine Journal. 2014/05/17 2014:1-6.

Cleland JA, Childs JD, Whitman JM. Psychometric Properties of the Neck Disability
Index and Numeric Pain Rating Scale in Patients With Mechanical Neck Pain.
Archives of Physical Medicine and Rehabilitation. 1// 2008;89(1):69-74.

17

Downloaded from http://ptjournal.apta.org/ at New York University on February 8, 2016


http://ptjournal.apta.org/

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.
54.

Williams M, Williamson E, Gates S, Cooke M. Reproducibility of the cervical range
of motion (CROM) device for individuals with sub-acute whiplash associated
disorders. European Spine Journal. 2012;21(5):872-878.

van der Geest JN, Frens MA. Recording eye movements with video-oculography and
scleral search coils: a direct comparison of two methods. Journal of Neuroscience
Methods. 3/15/ 2002;114(2):185-195.

Proske U, Gandevia SC. The Proprioceptive Senses: Their Roles in Signaling Body
Shape, Body Position and Movement, and Muscle Force. Physiological Reviews.
October 1, 2012 2012;92(4):1651-1697.

Hogervorst T, Brand RA. Mechanoreceptors in joint function. Journal of Bone and
Joint Surgery - Series A. 1998;80(9):1365-1378.

Elliott JM. Are There Implications for Morphological Changes in Neck Muscles After
Whiplash Injury? Spine. 2011;36:5205-S210.

Elliott IMP, A.R. Jull, G.A. Wyk, L. Galloway, G.G O'Leary, S.P. Differential
Changes in Muscle Composition Exist in Traumatic and Nontraumatic Neck Pain.
Spine. 2014;39:39-47.

Liu J-X, Thornell L-E, Pedrosa-Domell6f F. Muscle Spindles in the Deep Muscles of
the Human Neck: A Morphological and Immunocytochemical Study. Journal of
Histochemistry & Cytochemistry. February 1, 2003 2003;51(2):175-186.

Kulkarni V CM, Babu K S Quantitative study of muscle spindles in suboccipital
muscles of human foetuses. Neurology India. 2001 49(4):355-359.

Hole DE, Cook JM, Bolton JE. Reliability and concurrent validity of two instruments
for measuring cervical range of motion: effects of age and gender. Manual Therapy.
11// 1995;1(1):36-42.

Dall’Alba PTBHS, Michele M. MPhty; Treleaven, Julia M. BPhty; Edwards, Sandra
L. MPhtySt; Jull, Gwendolen A. PhD. Cervical Range of Motion Discriminates
Between Asymptomatic Persons and Those With Whiplash. Spine. 2001;26:2090-
2094.

Rubin AM, Young JH, Milne AC, Schwarz DWF, Fredrickson JM. Vestibular-neck
integration in the vestibular nuclei. Brain research. 10/10/ 1975;96(1):99-102.
Treleaven J. Dizziness, Unsteadiness, Visual Disturbances and Postural Control-
Implications for the Transition to Chronic Symptoms Following a Whiplash Trauma.
Spine. 2011.

Treleaven J, Clamaron-Cheers C, Jull G. Does the region of pain influence the
presence of sensorimotor disturbances in neck pain disorders? Man Ther.
2011;16(6):636-640.

Treleaven J. Dizziness, unsteadiness, visual disturbances, and postural control:
implications for the transition to chronic symptoms after a whiplash trauma. Spine.
2011;36(25 Suppl):S211-217.

Silva AG, Cruz AL. Standing balance in patients with whiplash-associated neck pain
and idiopathic neck pain when compared with asymptomatic participants: A
systematic review. PHYSIOTHER. THEORY PRACT. Jan 2013;29(1):1-18.

Hess CW MR, Meienberg O. Recording of horizontal saccadic eye movements:
methodological comparison between electro-oculography and infrared reflection
oculography. Neuro Ophthalmol. 1986;6:189-197.

Collewijn. Eye movement recording. Oxford: Oxford University Press; 1999.
Treleaven J. Sensorimotor disturbances in neck disorders affecting postural stability,
head and eye movement control-Part 2: Case studies. Man Ther. 2008;13(3):266-275.

18

Downloaded from http://ptjournal.apta.org/ at New York University on February 8, 2016


http://ptjournal.apta.org/

Physical Therapy

Journal of the American Physical Therapy Association

The Cervico-Ocular Reflex Is Increased In People

With Non-Specific Neck Pain
Jurryt de Vries, Britta K. Ischebeck, Lennard P. Voogt,
Malou Janssen, Maarten A. Frens, Gert-Jan Kleinrensink
and Jos N. van der Geest

Online First PHYS THER. Published online February 4, 2016

doi: 10.2522/ptj.20150211

Subscription http://ptjournal.apta.org/subscriptions/
Information

Permissions and Reprints http://ptjournal.apta.org/site/misc/terms.xhtml

Information for Authors http://ptjournal.apta.org/site/misc/ifora.xhtml

Downloaded from http://ptjournal.apta.org/ at New York University on February 8, 2016


http://ptjournal.apta.org/subscriptions/
http://ptjournal.apta.org/site/misc/terms.xhtml
http://ptjournal.apta.org/site/misc/ifora.xhtml
http://ptjournal.apta.org/

