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Chapter 1:

General introduction
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Chapter 1

Neck pain

Neck pain is the fourth leading cause of global disability, and its annual prevalence rate
exceeds 30%."? Disability as a result of neck pain is common and poses considerable
physical, psychological, and economic consequences to individuals and society.>* In the
majority of people with neck pain, a specific pathophysiological cause for neck pain and
associated symptoms cannot be found, and hence the term ‘non-specific’ (or ‘a-specific’)
neck pain is used.” The definition of neck pain, used in this thesis is the definition by ‘The
Bone and Joint Decade 2000-2010 Task Force on Neck Pain and its Associated Disorders’,
reading: ‘activity-limiting neck pain (x pain referred to the upper limb(s) that lasts for at
least one day’).° The anatomical region for neck pain is defined as ‘ the posterior region of
the cervical spine, from the superior nuchal line to the first thoracic spinous process.’
Although mostly harmless in origin, the course of neck pain is characterized by
exacerbations and remissions, and only a small part of people with neck pain experience
full recovery of their symptoms within one year.?

In about 40% of the cases usual care for people with neck pain consists of giving advice
about self-care combined with medication and/or referral for physiotherapy.”
Physiotherapy has positive effects in people with non-specific neck pain and consists
mainly of combinations of patient education,® exercise therapy,® massage therapy'® or
spinal manipulation therapy." Nevertheless, the overall effects of physiotherapy are only
small to moderate, and recurrence rates for non-specific neck pain are high.'?

A strategy to improve the effectiveness of physiotherapy in general, and neck pain in
particular, is to examine the underlying bio-psycho-social mechanisms of neck pain and to
align physiotherapy treatment strategies with these mechanisms. It can be hypothesized
that the population of people with non-specific neck pain is very heterogeneous regarding
signs and symptoms, prognosis, psychosocial determinants, quality of life et cetera and
that different (combinations) of mechanisms can play a dominant role. For that reason, a
‘one size fits all” intervention strategy will have only limited success. It seems logical that
people with non-specific neck pain will respond differently to standardized treatments. So,
instead of the usual approach of treating people with neck pain with a combination of
different modalities (with its limited effectiveness and efficiency), it might be useful to look
at the bio-psycho-social characteristics of subgroups of people with neck pain, to define

specific patient profiles and to align treatment according to the mechanistic determinants
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General introduction

of these subgroups. This is no minor task since countless factors can play a role in
experiencing neck pain. This yields both for the "biological® factors (e.g., biomechanical,
neurophysiological, pathological) as for the “psychosocial” factors (e.g., cognitions,
emotions, behavior), let alone the interactions between these factors.

Nonetheless, for the advancement of the effectiveness of physiotherapy as a clinical
practice, it is essential to examine which factors play a role in non-specific neck pain as this
knowledge enables physiotherapists to design specific, mechanism-based, treatments for
subgroups of people with non-specific neck pain. This implicates a focus on identifying
factors which play a role in neck pain. The biological and anatomical factors related to
specific neck pain have been studied extensively.'*¢

However, a factor that has not been studied yet in people with non-specific neck pain is
the role of oculomotor motor reflexes as part of sensorimotor control. Research has shown
that in a subgroup of patients with non-specific neck pain, people complain about
dizziness, blurred vision, and tired eyes." It has been suggested that disturbed oculomotor
reflexes have a relation with these clinical symptoms.'® It is currently known that these
reflexes can be altered in people with traumatic neck pain.’* Oculomotor reflexes are
essential for keeping clear vision while moving around in daily life and requires centrally
orchestrated integration of peripheral and central visual and proprioceptive information.
About 30% of the people with non-specific neck pain report visual disturbances as part of
their complaints.?® Therefore, it seems plausible that sensorimotor disturbances could be

underlying these complaints.

Sensorimotor control

The central neurophysiological integration of afferent and efferent information involved in
maintaining stability in the postural control system by intrinsic motor-control properties is
described as sensorimotor control.?' Sensorimotor control of head and eye movement
relies on the integration of afferent information from the cervical spine, the vestibular
system, and the visual system. The highly developed sensorimotor system of the cervical
spine provides neuromuscular control to the mobile cervical spine via unique connections
to the vestibular and visual systems.?>??

Besides pain, visual disturbances are commonly reported in people with neck pain.>* Both
visual disturbances and eye-movement disturbances are conceptually explained by altered

cervical afferent input and/or the altered integration of visual and proprioceptive
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Chapter 1

information.?"?*2> This concept is empirically supported by the fact that healthy
asymptomatic individuals report visual disturbances when cervical afferents are artificially
disturbed.?** Research into the relationship between visual disturbances and altered eye
stabilization reflexes in people with whiplash-associated disorders has shown that these
reflexes are indeed altered when compared to healthy controls.’®?

Disturbances of peripheral proprioceptive information from the cervical spine in people
with non-specific neck pain is hypothesized to be a possible cause for symptoms as
dizziness, visual disturbances, and impaired head and eye movement control. Clinical
experience’ and research indicate that significant sensorimotor proprioceptive
disturbances in the cervical spine can be an essential factor in the maintenance,
recurrence, or progression of various symptoms in people with neck pain.***' Thus, in

clinical practice (i.e., the therapeutic context), addressing these deficits is essential.*?

Proprioception

The interaction between afferent and efferent receptors that control the position and
movement of the body (or body parts) in space is described as proprioception.® The
orientation of the position of the head in relation to the world or in relation to the trunk
demands not only the contribution of vestibular and visual information but also
proprioceptive information from the cervical spine.>* Many structures around the cervical
spine provide this information by specific propiosensors in muscles, joints, tendons,
capsules, and the skin.***¢ These propriosensors function as transducers converting
mechanical energy into the electrical energy of a nerve action potential.*® Fast adapting
receptors (such as Pacinian corpuscles) are associated with detection of deceleration and
acceleration.’” Slow adapting receptors (such as Golgi organs and Ruffini end organs) are
sensitive to slow changes in position.* Afferent information from tendon organs
contribute to proprioception under active conditions.** Muscle spindles also have a crucial
role in joint position sense (JPS) and joint movement sense respectively.** In comparison
to the limbs, a high concentration of muscle spindles in the intertransverse muscle system
has been noted.**° High densities also have been found in the small occipital muscles.*
This finding suggests that these cervical muscles act as sensors and/or ‘monitors’ of

craniovertebral motion.
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General introduction

Joint position error

Joint position sense/error (JPS or JPE) of the cervical spine is one’s ability to relocate the
head back to a predetermined position after a neck movement and is used to evaluate the
proprioceptive ability of people’®. The JPE has its neurological basis mostly in muscle
spindles of the cervical spine.*® Cervical muscles provide information to and receive
information from the central nervous system.*>*° Afferent information from the cervical
muscles converges to the vestibular nuclei, where head movement-related information

from the visual and vestibular system also converges.*'

Eye stabilization reflexes

Eye stabilization reflexes guarantee stable vision on the retina during head movements.
The absence of correct reflexes will result in blurred vision, and therefore, these eye
reflexes play an essential role in our interaction with the world. Three eye stabilization
reflexes are distinguished based on their sensory input: the cervico-ocular Reflex (COR), the
vestibulo-ocular Reflex (VOR) and the optokinetic reflex (OKR). The OKR will not be
addressed here because it was not a subject of investigation in this study. These eye
stabilization reflexes work together to prevent slip of the visual input on the retina, all with
their dynamic properties and based on their own afferent input from different systems.
Their gains and phases can describe these eye reflexes. The gain is the magnitude of the

movement of the eye relative to the movement stimulus. (See figure 1).

Stimulus Eye velocity
velocity Gain =
E loci

e veloely Stimulus velocity

Figure 1 Calculation of the gain.

The COR is elicited by afferent information stemming from structures of the (upper) neck
and results in a specific eye reflex. Hence it forms the principal object of investigation of
this thesis. The COR receives its input from muscle spindles in the cervical spine, especially

from the deep upper cervical muscles and joint capsules of C1 to C3.44%2

14
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Chapter 1

The COR is mainly responsive at low velocities>*** during
trunk-to-head movement. The afferent information from
the cervical spine results in eye movements opposite to
the direction of the head movement. In daily life, the COR
works in conjunction with the other eye stabilization
reflexes. Therefore the COR was measured in isolation in
an experimental setting. (See figure 2). To elicit the
isolated COR, a rotating chair was used, and the head was

fixated to the external world. In this chair, the body was

rotated sinusoidally (trunk-to-head rotation) without Figure 2 The COR setup with the bite
visual input (complete darkness) or vestibular input board etion.

(fixating the head with a biteboard). In assessing the COR all contrubitaries to the eye
stabilizing reflex (vestibulum, visual information), except for the proprioception were
blocked. Disturbances in this reflex could, therefore, be contributed exclusively to a

proprioceptive deficit.

The other reflexive eye movement, which was measured, was the vestibulo-ocular Reflex
(VOR). The VOR stabilizes the retinal image by rotating the eyes to compensate for
movements of the head. The VOR is elicited by vestibular information and compensates for
any movement of the head in space. Resulting in the eye, remaining fixed in space during
head motion, enabling clear vision. In contrast to the COR, the VOR is mainly responsive at
high velocities.* The VOR is measured in the same experimental setup as the COR, with the
difference being that the head is fixated to the chair. The consequence of this alteration is
that the head is rotated in space, providing vestibular input. In people with a loss of
vestibular function, the COR gain is increased,*® and partially can take over the role of the
VOR."7

In people with a Whiplash Associated Disorder, Kelders' found an increased COR and an
unchanged VOR. This shows the COR is an adaptive eye stabilization reflex. Afferent
information from the cervical region and the vestibulum is forwarded via the vestibular
nuclei and further on to the flocculus in the cerebellar cortex. From the flocculus, the
efferent information is projected back to the vestibular nuclei and further to the

oculomotor nuclei to control the extraocular muscles.®' The central pathways of the VOR
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General introduction

and the COR are the same. Both reflexes converge at the vestibular nuclei.®? Generally, the

eye stabilization reflexes work in conjunction and hardly ever function isolated.

Smooth pursuit eye movements

In contrast to eye stabilization reflexes, smooth pursuit eye movements are essential to
look at a moving object by keeping the retinal image steady within the foveal area.
Smooth pursuit velocity matches the velocity of the moving object. Performing smooth
pursuit eye movements requires the correct integration of visual, vestibular, and cervical
information.’® An earlier study of Tjell and Rosenhall* reported that smooth pursuit eye
movements were altered in 75 people with a whiplash associated disorder compared to
healthy controls by making use of the Smooth Pursuit Neck Torsion Test (SPNT). In this
thesis, we investigate the fundamental concept of the SPNT. It is not yet entirely clear
whether static neck position influences smooth pursuit eye movements differently in
people without neck pain compared to people with pain. This assumption is the basis for
the SPNT test. We performed this test with an experimental procedure, superior to the
procedure used by Tjell and Rosenhall.*® In the procedure, we used a setup in which eye
movements were recorded with video-oculography (VOG) instead of electro-oculography
(EOQG). The latter is known to be limited in its accuracy and reliability.®®

In measuring eye movements, a disadvantage of VOG for the clinical setting of is the
technical complexity of the measurements. Especially the infrared eye-tracking method we
used in this study is a complicated technical procedure. For the clinical setting, some
oculomotor control tests are described. However, the reliability and validity of these tests
are unknown.?' Another often used measure to clinically operationalize cervical afferent
information is the JPE of the cervical spine. 22446162 Cervical proprioception is defined as the
sense of the position of the head or neck in space, describing the complex interaction

between afferent and efferent receptors to monitor the position and movement.*

Outline of the thesis

This thesis aims to contribute to the body of knowledge about the relation between non-
specific neck pain and sensorimotor disturbances. The results of the studies give a picture
of the form and shape of these disturbances and, by comparing people with neck pain

with healthy controls, of the potential relevance of these disturbances. More specifically

16

8B_BW_PS de Vries_Stand.job_Press Sheet Size 17x24 cm



Chapter 1

this thesis focusses on the specific relation between non-specific neck pain and eye
stabilization reflexes, smooth pursuit movements and the joint position sense of the

cervical spine

In order to summarize current knowledge about the relation between non-specific neck
pain and the JPE, we conducted a systematic review to create an overview of the current
evidence regarding the JPE in this group. In chapter two, we describe the outcomes of this
systematic review. In chapter three, we report the results of our study into whether the
cervico-ocular reflex is altered in people with non-specific neck pain compared to people
without neck pain. After the description of the COR, we investigated if there was a relation
between the COR and the JPE. The results of this investigation are reported in chapter
five. The following chapters six and seven describe smooth pursuit eye movements in
people without neck pain, people with non-traumatic neck pain, and people with

traumatic neck pain. A general discussion concludes this thesis.
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