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ABSTRACT

The complex integration between the vision, proprioception, and vestibular systems 
provides the foundation for postural stability, gait patterns, and many visual functions. 
Such visual functions include conjugate eye movements, vergence, and stability of gaze 
as the head, body, and/or target moves. These processes are facilitated by magnocellular 
pathways in the brain. The magnocellular system is particularly susceptible to dysfunction 
from a concussion, which can result in a variety of symptoms characteristic of Post-Trauma 
Vision Syndrome. Whiplash cervical injury without direct head trauma can arguably be 
considered to be a cause of concussion due to a similar profile of signs and symptoms as 
traumatic brain injury from direct head impact. Cervical afferent changes that occur from 
whiplash can produce sensorimotor disruption and thus affect those visual functions that 
are influenced by proprioceptive input from the neck. As can be seen, rehabilitation of 
visual function following whiplash injury requires a multi-disciplinary collaborative effort 
to facilitate the variety of sensory inputs needed for these processes to occur accurately 
and effortlessly. 
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Whiplash and Concussion
A 1995 report by the Quebec Task Force 

defined Whiplash Associated Disorders (WAD) 
as acceleration-deceleration energy transfers 
to the neck, impacting either bony or soft 
tissue, that are associated with neck and head 
pain, visual disturbances, tinnitus, dizziness, 
and fatigue.1 Whiplash injury can range 
from muscle strains and ligamentous sprains 
to spinal cord contusions and fractured 
vertebrae.2 It is interesting to note that the 
majority of WAD cases with neck pain have 
no visible pathology;2 however, evidence of 
axonal injury has been recently shown using 
diffuse tensor tractography.3 

Neck pain and headaches occur in 
approximately 70% of whiplash patients, 
with 20-40% of patients having continued 
symptoms for several years.2 Cervicogenic 
headache may be caused by occipital pain from 
neck movement or from nerve root irritation, 

inflammation, or compression of the second 
cervical vertebra (C2 or the axis).2 Pain in the 
suboccipital region due to nociceptive fibers 
in the area of C2 and the first cervical vertebra, 
the atlas, can cause ipsilateral referred retro-
orbital eye pain via the trigeminal nerve.4,5 

Dizziness from a cervicogenic cause may be 
related to proprioception dysfunction in the 
cervical spine, poor vertebral artery circulation, 
or sympathetic system over-activation.2

Photosensitivity has also been associated 
with cervicogenic headache from a whiplash 
injury.3 Such injuries can set in motion 
autonomic dysregulation, particularly over-
action of the sympathetic system.2,6 A study 
by Edwards et al.7 showed that upper cervical 
sensory afferents from muscle spindles have 
major input into the intermediate nucleus of 
the medulla (InM). Chemical stimulation of the 
InM can produce tonic sympathetic discharge, 
similar to C2 nerve activation.7 Autonomic 
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dysregulation from concussion has been 
shown to result in abnormal pupil dynamics, 
including reduced average constriction 
velocity, increased peak dilation velocity, and 
larger pupil diameter, all sympathetically-
driven responses.8-11 Pupil dynamics are 
closely related to heart rate variability (HRV), 
a measure of autonomic function.12,13 HRV 
has been shown to be lower in both whiplash 
patients with chronic pain and in concussion 
patients compared with healthy controls.6,14 
Thus, it would be logical that disruption 
of the autonomic system and sympathetic 
overstimulation stemming from insult to the 
neck could yield abnormal light adaptation 
and hence symptoms of light sensitivity. 

Neck pain has been linked to visual 
symptoms. A study by Treleaven’s group in 
201315 compared 70 subjects with chronic 
neck pain of at least 3 months’ duration 
[traumatic (n = 45) and idiopathic (n=25)], 
with 70 asymptomatic healthy controls, all 
between the ages of 18 and 60. Based on 
symptom questionnaires, the neck pain group 
had significantly more visual complaints than 
the control group, with the traumatic group 
having symptoms of greater magnitude than 
the idiopathic group. At least 50% of the 
subjects with neck pain noted the need to 
concentrate to read, visual fatigue, sensitivity 
to light, eye strain, and heavy eyes. There was 
significantly greater magnitude in the WAD 
group with complaints of blurred vision, words 
moving, and need to concentrate compared 
to the idiopathic neck pain group.15 

The symptom profile, pathophysiological 
changes, and disturbances in oculomotor, 
visual, and cognitive function in WAD patients 
make the case that WAD is a likely cause of, 
and not merely similar to, concussion in 
presentation. The CDC defines concussion as a 
“bump, blow, or jolt to the head or...a hit to the 
body that causes the head and brain to move 
rapidly back and forth.”16 Thus, a concussion 
can occur with or without direct injury to the 

head. One study involving 183 hockey players 
stated that all subjects with whiplash neck 
injuries reported concussion symptoms.17 A 
study in 2017 by Beeckmans et al. compared 
neuropsychological testing of attention, 
memory, and visuospatial executive functions 
in patients with whiplash injury, mild traumatic 
brain injury (mTBI), and healthy controls. They 
found that the whiplash and mTBI groups did 
not differ significantly in cognitive function, 
and both groups had significantly more neuro-
cognitive deficits than controls.18 Cognitive 
function has been suggested by Mani et al. 
to influence oculomotor function, particularly 
noted in anti-saccades and memory-guided 
saccades in concussed patients.19 The cognitive 
deficits and oculomotor dysfunction in WAD 
patients make the case for a comparable 
profile to those with concussion from direct 
head trauma. 

Given the cascade of changes that can 
occur from a whiplash injury, it would 
appear that an assessment of a patient 
with concussion-related symptoms should 
incorporate investigation of the neck as a 
possible contributing factor. 

The Magnocellular Visual System
The magnocellular visual system is 

required for spatial and motion perception, 
as well as for motor planning. This requires 
the convergence of sensory information 
from vestibular, visual, proprioception inputs. 
The midbrain is a key area, where pre-
conscious feed-forward information from the 
peripheral retina and somatosensory and 
auditory-vestibular systems is combined with 
cortically-driven feedback information. Neck 
muscle afferents, extraocular muscle input, 
and retinal information meet in the superior 
colliculus in the tectum.20 The execution 
of motor responses requires multi-sensory 
input providing information about where we 
are, where something is relative to us, and 
temporal information regarding movement 
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proposed that the increased COR gain occurs 
due to reduced range of motion associated 
with neck pain, resulting in sensorimotor 
impairment, altered proprioception, and 
abnormal muscle activation patterns.1,2,29-32 
The testing of COR gain consists of fixed 
head position and body rotation in complete 
darkness, with subjects being asked to 
look at a laser dot straight ahead and the 
examiner measuring accuracy of gaze. VOR 
testing involves head and body rotation in a 
chair while maintaining fixation on a target. 
Schneider’s group showed that the primary 
factor determining concussion in elite youth 
hockey players was cervical injury, with VOR 
relatively unaffected.33 This seems to support 
the notion that cervical afferent sensorimotor 
dysfunction may be a more dominant factor in 
concussion than visual-vestibular integration. 

With age, there is also an increase in 
the COR gain; however, it is thought to be 
compensatory for an associated decrease in 
VOR gain.34 In the case of whiplash trauma, 
VOR is unable to compensate for the abnormal 
increase in COR gain. This may be due to the 
fact that whiplash trauma results in slower 
head movements compared to controls;30 
therefore, the VOR cannot be activated in 
the presence of slower head movement 
speed. There may also be a possibility of 
vestibular pathway microtrauma, such as in 
the flocculomodular area of the cerebellum, 
preventing adaptation of the VOR.1 The 
subsequent imbalance of reflexes results in 
poor image stability. 

Clinically, VOR can be assessed using 
dynamic visual acuity with the head moving at 
2 Hz while looking at a static acuity chart. With 
head movement of less than 2 Hz, the VOR is 
influenced by the optokinetic and smooth 
pursuit system.35 A decrease in visual acuity of 
greater than 2 lines is considered abnormal.36 
Active self-generated head motion by the 
patient runs the risk of generating predictive 
saccades and smooth pursuits during the 

and speed. The vast neurological real estate 
comprising the magnocellular system might 
explain the high oxygen and metabolic 
demand to facilitate these pathways.21 As 
a result, the magnocellular system may be 
particularly susceptible to blood-flow and 
metabolic changes that occur from concussive 
injury, including whiplash.22,23 

Magnocellular system disruption from 
concussion is demonstrated in various ways 
when compared with healthy controls: 
poorer peripheral reaction times, significantly 
poorer performance in oculomotor function, 
higher motion coherence thresholds, and 
convergence insufficiency (CI) demonstrated 
with abnormal visually evoked potentials 
(VEP).24-28 Abnormal cervical input due to WAD 
can disrupt the magnocellular pathways at 
the level of the midbrain’s sensory integration 
area and affect these functions.

 
Gaze Stabilization

In order to keep an image stable on the 
retina as the head moves, a combination 
of reflexive eye movements is required: the 
cervico-ocular reflex (COR), involving rotation 
of the neck; the vestibulo-ocular reflex (VOR), 
involving rotation of the head; and the 
optokinetic reflex (OKR), involving oculomotor 
responses to moving stimuli in the visual 
field. Proprioceptors from deep neck muscles 
and joint capsules from C1 to C3 and the 
vestibular nucleii are stimulated with head 
movement, leading to opposing movement 
of the eyes.1 The COR and OKR respond best 
to low head movement frequencies, while the 
VOR responds to high frequencies.1 A VOR or 
COR gain of 1.0 represents perfect accuracy in 
keeping the eyes steady on a target while the 
head or neck moves, respectively. Any other 
value indicates poor gaze stability. 

Studies have shown that a whiplash injury 
results in an increase in gain of the COR as the 
primary cause of gaze instability, while the 
VOR and OKR are relatively unaffected.1,29 It is 
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head movement. In contrast, passive motion 
facilitated by the examiner at the desired 
frequency and amplitude yields a more 
unpredictable condition and a more reliable 
measure of VOR.37 

Currently, there is no standard clinical test 
to assess COR. To isolate COR, the head ideally 
should remain still while the body is rotated 
to either side with fixation on a target straight 
ahead. A visual acuity target could be used to 
assess gaze stability, as COR dysfunction could 
yield blur as well as dizziness.38 Also, studies that 
have measured COR used electrooculography 
to determine the accuracy of the reflex. A study 
using commercially available eye movement 
recording technology to monitor the ability to 
focus on a static target and facilitating head/
body adjustments that would isolate COR may 
be useful clinically to determine the influence 
of cervical proprioception on gaze stability. 

Convergence
CI occurs in at least 50% of post-concus-

sion patients39 versus 2-17% in the general 
population.40 One study showed a 10-15% 
prevalence of CI in a cohort of healthy 
collegiate athletes tested in the pre-season.41 
The integration between proprioceptive, 
vestibular, and visual inputs in the superior 
colliculus is important for convergence 
according to animal studies.42,43 CI following a 
concussion has been associated with increased 
recovery time, poorer neurocognitive 
function, slower reaction times, and even 
gait deficits.44-46 These potential links warrant 
further investigation to understand how a 
convergence problem may be related to other 
widespread post-trauma effects. 

A study by Poltavski et al. compared VEP 
responses in those with CI with and without a 
history of concussion.28 The stimuli presented 
were transient in nature, targeted to the 
magnocellular peripheral processing system. 
Results showed that VEP latencies were slower 
and amplitudes were smaller for patients 

with CI secondary to concussion versus non-
concussed subjects. This study demonstrates 
the pronounced magnocellular deficit 
causing the spatial localization problem in the 
concussed versus developmental case. This 
is not surprising considering the co-morbid 
findings that appear to occur in association 
with CI in the case of concussion. 

A study published in the Clinical Journal 
of Sport Medicine by Howell et al. compared 
subjects with a history of concussion and 
receded near point of convergence (NPC), 
concussed subjects with normal NPC 
(<5cm from the nose), and non-concussed 
individuals with normal NPC.46 The subjects 
were between the ages of 10 and 18 years, 
with gender evenly split. The tasks involved 
standing with cognitive task, gait with no 
cognitive task, and dual gait and cognitive 
task. The results showed that the post-
concussion subjects with CI had significant 
gait deficits and slower average walking 
speed compared to both healthy controls 
and to post-concussion subjects with no 
convergence problem. Thus, it is plausible 
that a pronounced magnocellular deficit 
manifesting as a convergence problem may 
also impact motor output on a global scale. 

Neck pain is often associated with WAD, 
possibly a cause of reduced range of motion 
and slower head velocity.1,29,30 Giffard et al. 
compared NPC in those with idiopathic neck 
pain and healthy controls, measured both in 
neutral position and with neck in torsion, i.e. 
head still on rotated trunk.47 Results showed 
significantly greater left, right, and average 
torsion differences in NPC for subjects with 
idiopathic neck pain compared to healthy 
controls. Although this study did not involve 
whiplash patients, it is suggestive of abnormal 
cervical afferent input stemming from neck 
pain, thus affecting sensorimotor function 
and convergence ability. A comparable study 
involving traumatic neck pain would be 
useful. 
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A prospective cohort study by Stiebel-
Kalish et al. looked at subjective and objective 
measures of convergence insufficiency in 
patients with WAD following motor vehicle 
accident (MVA) compared to healthy controls.48 
They found that the Convergence Insufficiency 
Symptom Survey (CISS) questionnaire showed 
diagnosis of CI in 45% of WAD patients 
compared to 15.4% of controls; however, 
interestingly, the objective findings indicated 
that CI occurred in 7% and 7.7% for WAD and 
control patients, respectively. 

The discrepancy in symptoms versus 
objective findings in this study prompts 
further investigation, looking at the variation 
of testing techniques for NPC. In the Stiebel-
Kalish study, an accommodative target was 
used for the non-presbyopes, and a light 
target was used for the presbyopic subjects. 
NPC measured with red lens technique has 
been shown to be more sensitive than an 
accommodative target or transilluminator in 
a prospective study of optometry students.49 
Also in the Stiebel-Kalish study, NPC was not 
repeated with consecutive trials, which might 
have revealed a receding endpoint. The NPC 
measurements were taken in a neutral neck 
position and were not compared with neck 
torsion posture. The majority of subjects were 
classified as less than level 2 WAD, and so with 
more severe whiplash-associated symptoms, a 
convergence problem may be more prevalent 
objectively. These variations in conditions 
highlight the importance of standardization 
in measuring convergence ability.

It can be hypothesized, then, that the 
presence of convergence insufficiency 
following a concussion may in fact reflect a 
more widespread neurological deficit in spatial 
processing and motor responses. Also, the 
worsening of convergence with neck torsion 
could indicate altered cervical proprioceptive 
input disrupting sensorimotor function and 
spatial localization. However, the measuring 
technique, type of stimulus, and threshold of 

an abnormal NPC value need to be further 
standardized for clinical practice.

Saccades
Saccades are important in motion process-

ing, reading, and scanning the environment. 
They can be voluntary or reflexive in nature. 
Ciuffreda’s group found that approximately 
50% of 160 visually symptomatic post-
concussion subjects showed oculomotor 
deficit, particularly in saccades.39 

A recent meta-analysis and systematic 
review of oculomotor deficits following acute 
(<3 months) and chronic traumatic brain 
injury looked at various oculomotor functions: 
smooth pursuits, memory-guided saccades, 
reflexive saccades, self-paced saccades, and 
anti-saccades.19 The study found that there 
are deficits in oculomotor function across 
the board in TBI cases compared to healthy 
controls. However, of note, the memory-
guided and anti-saccade deficits were the 
biggest differentiators between injured versus 
non-injured subjects. This finding highlights 
the particular vulnerability of cortically-driven 
saccades with brain injury. Pertaining to the 
whiplash population, Mosimann et al. found 
that symptomatic WAD subjects showed 
increased latency in intentional saccades 
and a higher percentage error in amplitude 
in memory-guided saccades compared to 
recovered WAD patients and age-matched 
healthy controls.50 

The Journal of Neurotrauma published a 
study in 2016 comparing acutely injured mTBI 
subjects with orthopedic controls (excluding 
the head) and uninjured controls, looking 
at performance on the King-Devick test, a 
cognitive test, and a tablet-based anti-point 
and pro-point task. Results showed that 
mTBI subjects were slower at the pro-point 
task compared to orthopedic subjects, and 
orthopedic subjects were slower than controls, 
suggesting a sensorimotor deficit. However, 
the mTBI patients showed cognitive deficits 
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that were not shown in the other groups and 
were significantly slower at the anti-point 
task than both of the other groups.51 The anti-
point task can theoretically be comparable to 
the anti-saccade task due to the requirement 
of the frontally driven executive decision-
making process to hold back a response and 
then to make a response in the equal and 
opposite direction. 

These findings appear consistently to 
suggest that in concussion (including whiplash 
with persistent symptoms), higher cortically 
driven cognitive functions such as working 
memory, response inhibition, and visuo-
spatial processing may be particularly affected, 
consequently impacting saccadic function. 

Smooth pursuits
Disruption of the magnocellular system at 

the level of the superior colliculus by cervical 
afferent dysfunction associated with whiplash 
injury can affect smooth pursuit function. The 
initiation of smoothly following a moving 
target requires the middle temporal area 
(MT), the middle superior temporal (MST) 
area, the parietal and frontal cortical areas,52 
the superior colliculus,53 and the cerebellum. 
The cerebellum contributes to both the 
initiation and continued velocity of smooth 
eye movement.54 Velocity of eye movements 
tend to be slower and less coordinated in 
whiplash patients.30 

A study published in 1998 looked at 
whiplash patients and found that smooth 
pursuit dysfunction significantly correlated 
with reduced active cervical range of motion 
and reduced kinesthetic sense.55 Kinesthetic 
sense is the sense of head position in space 
with eyes closed. An error in this calculation 
is known as joint position error (JPE). There 
was no significant correlation with neck pain 
in this study. 

Measuring JPE consists of assessing the 
accuracy in moving the head in any direction 
and then back to the center of a target with 

eyes closed, after aiming at the target initially 
with a head-mounted laser with the eyes 
open.38 JPE was shown in a 2006 study to have 
a high predictive value but low sensitivity and 
specificity in correlating with poor balance 
and smooth pursuit deficit in neck torsion 
(SPNT). This weak relationship suggested 
that JPE is valuable but should not be the 
only measure in identifying oculomotor and 
postural control dysfunction with persistent 
whiplash symptoms.56 

A 2008 prospective trial of smooth pursuits 
in whiplash patients showed that smooth 
pursuit gain was not significantly decreased 
in a neck-neutral position, consistent with the 
1998 study; however, there was significant 
smooth pursuit deficit in chronic patients 
with neck pain in neck torsion.57 The 1998 
study showed no correlation between smooth 
pursuit deficit and neck pain. However, it 
involved testing oculomotor function only 
in neck-neutral position and not in neck 
torsion. Treleaven et al. showed that smooth 
pursuit deficit in neck torsion can be present 
in whiplash patients with chronic neck pain, 
especially for those who also experience 
dizziness, and that this deficit does not seem 
to be related to level of anxiety. Rather, the 
smooth pursuit deficit appears to be due to 
proprioceptive and nocioceptive factors from 
the cervical spine.58 In addition, the presence 
of SPNT deficit initially after whiplash injury 
does not seem to be predictive of recovery.57 

Neck pain without history of whiplash 
injury can also result in smooth pursuit gain 
deficit in neck torsion compared with healthy 
controls.59 This seems to beg the question of 
whether the presence of neck pain alone in 
whiplash patients is responsible for decreased 
smooth pursuit gain in neck torsion. Janssen 
et al. investigated whether the predictability 
of a target affects the smooth pursuit gain 
in various degrees of neck torsion, in healthy 
controls, and in neck pain patients divided 
into whiplash and non-whiplash etiology.60 
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The results showed that smooth pursuit gains 
in neck torsion were decreased in neck pain 
patients versus healthy controls; however, the 
WAD patients performed worse compared 
to both non-WAD neck pain patients and 
healthy controls when the target moved in a 
predictable trajectory. This finding suggests 
that there appears to be more to the picture 
than simply whiplash-induced neck pain 
affecting cervical afferent information and 
causing oculomotor dysfunction in neck 
torsion, but there are possibly additional 
cognitive factors dealing with attention and 
concentration. As mentioned previously in 
this paper, higher cortical processes may 
be a significant differentiator in terms of 
oculomotor deficit after a concussive injury, 
highlighted particularly with anti-saccades 
and memory-guided saccades. 

Clinically, then, the presence of reduced 
gain of smooth pursuits in neck torsion 
with whiplash patients with chronic neck 
pain, and an associated finding of poor 
joint position sense, could be valuable 
information to optometrists in terms of the 
relative weight placed on altered cervical 
proprioception input in eye movements. This 
information would provide the opportunity 
for optometrists to collaborate with physical 
therapists to improve sensorimotor function. 

Evaluating smooth pursuit in neck torsion 
consists of the head in neutral position with the 
body rotated 45 degrees.61 Determination of 
gain with examiner observation of the patient 
following a manual target such as a pen has 
been shown to be effective when compared 
with electrooculography.59 This enables 
examiners to perform this test accurately 
without the need for expensive equipment. 
Decreased gain in neutral position would imply 
a CNS etiology, not heavily weighted toward 
cervical afferent misinformation. Moving the 
target in a predictable versus unpredictable 
fashion may be a more sensitive probe to 
uncover gain reduction in whiplash patients 

with chronic neck pain. The quality of eye 
movement and symptom provocation would 
provide valuable information. Future studies 
looking at attentional and cognitive factors 
influencing eye movements in the presence 
of whiplash/concussion patients would be 
valuable.

Postural control
Postural control and balance rely on central 

integration of the visual, somatosensory, and 
vestibular systems.62 Neck proprioception 
appears to be more dominant than proprio-
ception of the extremities for postural control 
when comparing vibration to the neck versus 
the calf.63 This may be due to the abundant 
density of muscle spindles in the neck.64 

Gaze and ocular proprioceptive input 
appear to affect postural responses, as 
demonstrated by Yuri et al. in 1999, where 
either vibration applied to the neck or 
galvanic stimulation of the vestibular system 
resulted in sway that was biased in the 
direction of gaze with eyes open or closed. 
Neck vibration alone caused a forward sway, 
and vestibular stimulation caused a lateral 
sway.65 Extraocular muscle vibration can 
influence full-body responses, where the 
lateral and medial recti cause lateral sway and 
the inferior and superior recti cause sway in an 
anterior-posterior direction.66 Pos turo graphic 
analysis has demonstrated a significant 
increase in anterior-posterior sway with eyes 
closed in whiplash patients compared to a 
control group.67 This seems to correspond to 
the forward sway seen in neck vibration in 
experiments. Neck torsion in patients with 
persistent whiplash may lead to greater 
balance disturbances and postural deficits.68

An error in visual-proprioceptive integra-
tion can manifest as a visual midline 
shift. A visual midline shift is a mismatch 
between visual spatial perception and the 
proprioceptive base of support and can result 
in abnormal embedded motor and postural 
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patterns.70 The prevalence of visual midline 
shift was found to be in 93% of TBI subjects in 
a retrospective study of 30 TBI and 30 non-TBI 
patients.70

A joint therapy program with optometrists 
and physical therapists addressing proprio-
ceptive input from the extraocular muscles with 
oculomotor training, cervical proprioception, 
and integration of visual, vestibular, and 
proprioceptive systems for postural stability 
should be researched further. 

Eye-head Coordination
The synchronicity of the eyes and the head 

moving in tandem, or sequential eye then 
head movement to a target, can be affected 
following a whiplash injury. Treleaven et al. 
showed poorer performance in sequential 
saccades to a target followed by head 
movement in whiplash patients compared 
to asymptomatic controls with no history of 
neck pain, visual problems, or injury. They also 
showed that with the head and eyes moving 
in tandem, whiplash patients had reduced 
range of motion of the head, but the range 
of motion was greater without fixation.32 This 
study suggests that sensorimotor dysfunction, 
with respect to the communication between 
the eyes and the neck, can cause poorer 
performance in coordinated head and eye 
movement in whiplash patients.

Treatment Approaches
Given the complex integrative processes 

that occur between vision, vestibular, and 
cervical proprioceptive systems, an ideal 
rehabilitative approach would presumably be 
a multi-disciplinary effort with optometrists 
and physical therapists to address each system 
optimally, as well as synchronized and accurate 
communication between these systems. 

Optometric Intervention
Post-concussion vision syndrome benefits 

from optometric intervention by way of 

optical means such as prisms, lenses, and 
coloured tints, as well as an in-office and 
home-based therapy program. 

Prisms are powerful optometric tools that 
can provide a more accurate link between 
vision and proprioception and improve 
posture, balance, and gait stability, as in the 
case of visual midline shift. Yoked prisms can 
bring a patient to centered midline, thereby 
improving the relationship between vision 
and proprioception.71 Since abnormal cervical 
proprioception from whiplash injury can 
affect the sense of position in space, altering 
visual input with prisms can help bring 
improved synchronicity between vision and 
proprioception. 

Due to the close communication between 
the extraocular muscles and cervical 
afferent substrates and the influence of the 
extraocular muscles on postural stability, 
oculomotor training should be a component 
of rehabilitation of whiplash-associated visual 
symptoms and signs. Post-concussion saccadic 
training has been shown to improve functional 
outcomes such as reading speed.72-75 

The presence of convergence insufficiency 
in WAD should be addressed by a combination 
of cervical proprioception training to improve 
cervical afferent input to the superior 
colliculus and an in-office optometric program 
in conjunction with home-based activities, as 
per the Convergence Insufficiency Treatment 
Trial (CITT).76 Although the CITT study dealt 
with children without a history of trauma, 
the benefits of the CITT protocol can also 
extend to the post-concussion population. 
This was demonstrated in a retrospective 
study involving a post-concussion cohort 
in two optometry practices, showing 85% 
improvement in convergence, as well as 
symptoms and signs.77 A possible strategy 
may be training vergence in a position of 
neck torsion as well as in neutral position. 

Different wavelengths of light can influence 
the autonomic system. One study showed that 
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synthesis of melatonin by the pineal gland is 
affected by short-wavelength light, whereas 
cortisol production by the adrenal gland is 
influenced by short- and long-wavelength 
light.78 Colour wavelengths have been 
associated with HRV changes and can alter 
pupil responses.79,80 Since the sympathetic/
parasympathetic balance is often disrupted 
following a whiplash injury, a colour spectacle 
tint or light stimuli of different wavelengths 
may be potential optometric tools to restore 
this balance.

Physical Therapy Intervention
With respect to physical intervention, 

a clinical practice guideline published in 
2016 indicated that an exercise program 
including manual therapy of the neck, neck 
strengthening, and range-of-motion exercises 
is beneficial for acute and chronic whiplash 
and neck-pain patients.81 A later review article 
also emphasized the benefit of an exercise 
program including neck strengthening and 
stretching for chronic WAD patients.82 

Conclusion
Not every person with whiplash injury 

has concussion symptoms, and not every 
concussion case has a cervical proprioception 
problem. An optometric assessment of a 
patient presenting with post-concussion 
vision symptoms should include tests to 
determine whether there is a contributing 
cervical afferent problem. The management 
of visual symptoms and findings contributed 
by a cervical problem is best addressed 
through a multi-disciplinary effort involving 
both optometrists and physical therapists. 
Given the benefits of both cervical and visual 
interventions in concussion injury, a sound 
approach to deal with many symptoms and 
signs of whiplash trauma would ideally consist 
of a joint rehabilitation effort addressing 
vision, vestibular, and cervical proprioception 
pathways. Future studies investigating a 

multi-disciplinary collaborative sensorimotor 
rehabilitation program consisting of both 
optometric and physical therapy would 
greatly benefit this population. 
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