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Sensorimotor
Dysfunction of the

Neck Post-
Concussion 

ASSESSING  AND  RETRAINING

CERVICAL  POSIT ION  SENSE



The sensorimotor control system comprises input
from the visual, vestibular, and proprioceptive
systems, particularly the richly innervated cervical
spine, which is integrated in the central nervous
system (CNS) to provide appropriate motor output to
control head and eye movement and postural
stability
The proprioceptive system of the cervical spine is
extremely well developed as there is an abundance of
mechanoreceptors (muscle spindles, golgi tendon
organs, and joint receptors) which give the CNS
information about the orientation of the head with
respect to the rest of the body via direct
neurophysiological connections to the vestibular and
visual systems

The neck, therefore, plays a major proprioceptive
role and there is evidence that sensorimotor
control deficits may originate from alterations in
cervical afferent input

Potential damage or impairment to components of
the sensorimotor control system (cervical spine,
vestibular system, or CNS) is possible following
traumatic incidents such as a whiplash or concussion
injury

While the cervical spine should always be
considered in the differential diagnosis of dizziness
and unsteadiness, as well as visual disturbances,
other potential causes, such as peripheral or
central vestibular pathology in the central nervous
system (CNS) along with vertebrobasilar
insufficiency, must also be considered and
excluded
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There is considerable evidence to support the importance of cervical afferent
dysfunction in the development of dizziness, unsteadiness, visual disturbances, altered
balance, and altered eye and head movement control following neck trauma,
especially in those with persistent symptoms

These symptoms are similar to those reported following a concussion, which is
possible due to concomitant head trauma associated with neck trauma or vice
versa, where potential neck trauma is associated with head trauma 
Cervicogenic dizziness is often described as light headedness, a sensation of feeling
“off” or in a fog, rather than a sensation of spinning or vertigo, as seen in vestibular
dysfunction

Assessment of sensorimotor control of the cervical spine includes a number of
different tests, each evaluating a different, yet interrelated function

Alterations in the ability to relocate one's head in space occurs in individuals with
idiopathic and traumatic neck pain as evaluated using a Joint Position Error Test

The APTA’s Clinical Practice Guidelines recommend that joint position error or cervical
proprioception assessments be performed by physical therapists at the initial visit and
approximately every 4 weeks until discharge
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CERVICAL JOINT POSITION
ERROR TEST (JPET)
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The Cervical Joint Position Error Test (JPET) tests the patient’s sensorimotor control
and the ability to relocate his/her head back to center/neutral after maximal or
submaximal rotation in the transverse and sagittal planes, without the assistance of
vision

Assesses head and neck awareness (cervico-cephalic proprioception), and more
specifically cervical reposition sense 
Easy to administer

1, 3
 

TEST OBJECTIVE

CLINICAL UTIL ITY

Overall concurrent validity correlated with reduced balance and smooth pursuit in people with WAD

Concurrent Validity → extent to which scores on a new measure are related to scores from a
criterion measure administered at the same time

According to a systematic review, the JPET (and its variations) have shown poor to good test reliability
(test-retest ICCs between 0.35 and 0.90)
Adequate to excellent test-retest reliability amongst patient with chronic cervical pain when relocating
head position to neutral (ICC = 0.45-0.80)

Test-retest reliability

< 4.5° = ‘normal’ cervical proprioception (Sn 86%,
Sp 93%)
> 4.5° indicates abnormal cervical proprioception 

Cut-off scores

2
 

4
 

*Previously, this test has been used to differentiate between healthy and whiplash
associated disorder (WAD) subjects.  Its clinical utility in concussion populations
should be explored in future studies.

Good inter- and intra-rater reliability amongst
patients with WAD

Inter-rater/intra-rater reliability

Amongst healthy controls:
Absolute mean error = 1.3°-4.7°
Mean relocation error from full cervical
rotation = 2.46° +/- 0.2°

Standard error of measurement
Between healthy and WAD subjects, this test has
shown to have a positive predictive value of 88%,
with a sensitivity of 60% and a specificity of 54% 

Criterion Validity
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SET-UP OF JPET
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EQUIPMENT NEEDED

CERVICAL JOINT POSITION
ERROR TEST (JPET)

To conduct this test, the HCP needs: 

Target

Measuring tape

Distance 90cm-1m from wall
Target taped on wall with bullseye at eye-level
Adjust laser angle so beam is centred at bullseye of target

Laser headlamp
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CERVICAL JOINT POSITION
ERROR TEST (JPET) 1, 2

 

INSTRUCTIONS
Patient can perform the test in a seated or
standing position
Ask the patient to line up the laser with the
centre of the target while keeping their
head in a neutral position
Instruct the patient to close their eyes, and
actively bring their head down into flexion
as far as they can comfortably move, and
then return to their resting position as
accurately as possible with their eyes
closed (indicating when they perceive they
have reached the original starting position)
The patient can open their eyes, and the
HCP measures and records the distance (in
cm) from where the laser stopped to the
center of the target
Repeat this process again in extension, left
rotation, and right rotation
Each movement should be performed at
least 3 times

The HCP must calculate the average of
the values recorded from the 3 trials
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A joint position error (JPE) of 4.5° (7.1cm) or more is considered a positive test and
indicates that the patient may have an impairment in the relocation accuracy of the
head-neck

To convert the results (in cm) into degrees, this formula can be used: (angle = tan-1
[error distance/90cm])
A measurement below this threshold is considered normal
Greater errors have been shown in individuals with both idiopathic neck pain and
persistent WAD, although errors are greater in those with neck trauma, especially
in those with moderate to severe pain and disability

Individuals with persistent WAD and symptoms of dizziness show greater
errors than those not complaining of dizziness, suggesting that these
symptoms may be due to greater abnormal cervical afferent input

Greater errors (i.e. over 4.5°) in individuals with (WAD) and dizziness compared to
individuals without dizziness have been reported

During this test the HCP may observe if the patient demonstrates:
Jerky or altered movement patterns
Overshooting of the position in order to gain more proprioceptive feedback for
the task
‘Searching’ for the position

1
 

INTERPRETATION OF RESULTS

CERVICAL JOINT POSITION
ERROR TEST (JPET)

Positive test =  joint position error (JPE) of 4.5° (7.1cm) or more 

**The HCP must stop the exercise immediately if the exercise produces any pain or
headaches for the patient 

If pain or headaches are produced, the HCP must regress the exercise by:
Decreasing the number of repetitions
Altering exercise to more supported positions (e.g. supine)

It is acceptable if the exercise causes temporary exacerbation of dizziness, nausea,
unsteadiness and/or visual disturbances 
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According to the APTA’s Clinical Practice Guidelines, PTs should
implement interventions aimed at addressing cervical and
thoracic spine dysfunction, such as strength, range of motion,
postural position, and/or sensorimotor function (eg,
cervicocephalic kinesthesia, head position control, cervical muscle
dysfunction) exercises and manual therapy to the cervical and
thoracic spine, as indicated, for patients who have experienced a
concussive event.
Using a combination of cervical spine physical therapy and
tailored sensorimotor control exercises in a patient’s concussion
recovery plan, can result in a quicker return to sport after
concussion injury. 

Based on the current literature, a significantly higher
proportion of individuals who were treated with cervical spine
physiotherapy and vestibular rehabilitation were medically
cleared to return to sport within 8 weeks of initiating
treatment. 
Local treatment to the cervical spine in conjunction with
tailored programs for sensorimotor control is recommended for
patients with neck disorders. 

Significant decreases in joint position error and reported pain
have been observed in subjects who performed proprioception
training or craniocervical flexion training.
Head relocation in space and head on neck movement control
improve with training in individuals with neck pain, and is believed
to occur secondary to improved processing of cervical
proprioceptive input. 
Using a combination of rehabilitation modalities will address the
causes of abnormal cervical mechanoreceptor input as well as the
effects resulting from the potential conflict arising from abnormal
cervical afferent input and normal vestibular and ocular input.

INTERVENTION/  TREATMENT
TECHNIQUES -  RETRAINING CERVICAL

POSITION SENSE
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EXERCISE PARAMETERS

Using JPET procedure, have the patient first begin to practice relocating the head to a
neutral position (guided by the laser beam) from their most difficult movement
directions (e.g. rotation to the right or following neck extension)

An emphasis on accuracy and precision should be conveyed to the patient when
performing this exercise

Boat Pose

Quadruped

EXERCISE PROGRESSIONS
OF JPET
 

At least once per day (aim for 2x/day)
3-5 reps →  building towards 10 reps

Change in positions: seated, standing,
tandem stance, single-leg balance,
standing on soft surface or balance pad

Quadruped and boat pose positions
may also challenge cervical strength
and postural control

Increasing degree of difficulty
Increasing speed of exercise
Stopping at certain points
throughout the range of the exercise
(e.g. 20 degrees, 40 degrees, 60
degrees)
Increasing range of exercise
Having patient follow pattern with
laser (e.g. figure-8)
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Tandem Stance on
Balance Pad 
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Visit us today at www.concussionlab.com for all of your JPET equipment
needs! Share this post to your story and we will DM you with a 20% off

discount code. 
Hurry!—> discount ends 11:59 EDT 05/22/20.


