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ABSTRACT
Objective: This study aimed to assess the outcomes of 2 treatments for patients with dizziness after mild traumatic
brain injury (mTBI) who demonstrate abnormal cervical spine proprioception (CSP).
Methods: A retrospective records review was conducted on the medical charts of patients treated for dizziness after
mTBI who received either standard care (vestibular rehabilitation therapy [VRT]) or cervical spine proprioceptive
retraining (CSPR) from 2009 to 2013. All patients included in the analysis were active-duty military with recurring
dizziness after mTBI who had at least 1 abnormal CSP test. Patients were excluded for dizziness with a clear
peripheral vestibular or central symptom origin, incomplete data, or no CSP assessment, or if both treatments were
administered. Forty-eight total patients were included in the final dataset (22 VRT; 26 CSPR). Traditional VRT was
compared with CSPR when abnormal CSP tests were present, regardless of the presence or absence of neck pain. A
clinician review of records was used to determine improvement of dizziness based on patient reports of symptoms at
discharge evaluation (ie, no symptoms for at least 2 weeks).
Results: Patients who received CSPR were 30 times more likely to report improvement in dizziness symptoms
compared with those who received VRT (adjusted odds ratio: 30.12; 95% confidence interval 4.44-204.26, P b .001)
when abnormal CSP tests were present. Patients with dizziness over 1 year were significantly less likely to improve.
Conclusion: These results suggest that patients with dizziness after mTBI and who had abnormal CSP assessments
responded better to CSPR compared with those who received VRT. (J Manipulative Physiol Ther 2019;42:399-406)
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INTRODUCTION

Mild traumatic brain injury (mTBI) makes up 86% of brain
injuries that US military personnel have sustained between
2000 and 2018.1 Althoughmost symptoms after mTBI resolve
within 2 weeks, several can persist, including dizziness.2

Dizziness that occurs after mTBI is not heterogeneous,
presenting with varied characteristics and several potential
sources and mechanisms, including the inner ear, the brain,
the cervical spine, and/or the integration of afferent input
and tuning within the sensorimotor control system.3,4

Traditionally, vestibular rehabilitation therapy (VRT)
aimed at central or peripheral vestibular origins has been
used to treat persistent dizziness after mTBI,5,6 but recent
attention has examined the possible role of the cervical spine
in postconcussive dizziness.7-9 Dizziness after mTBI has
been shown to improve when manual therapy and specific
sensorimotor control exercises for the cervical spine were
added to standard care VRT.7-9 Further, a growing body of
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Fig 1. Selection of charts included in the review. BPPV, benign paroxysmal positional vertigo; CSP, cervical spine proprioception;
CSPR, cervical spine proprioceptive retraining; HVLA-T, high-velocity, low-amplitude thrust; SCCD, superior semicircular canal
dehiscence; UVH, unilateral vestibular hypofunction.
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research indicates that symptoms such as dizziness and
sensorimotor and balance dysfunctions regularly occur in
those with both traumatic and nontraumatic neck pain.10-14

This is thought to be due to abnormal cervical proprioception
or afferent input to the sensorimotor control system as
evidenced by improvement of signs and symptoms after
specific cervical spine proprioception (CSP) training in those
with neck pain.15,16

A recent Delphi study demonstrated a lack of agreement
on the tests used for the assessment of CSP.3 Cervical joint
position error (JPE) is a traditional measure of cervical
proprioception.17 Although tests such as the smooth pursuit
neck torsion test (SPNT) measures change in eye movement
control when the head is held still and the trunk turned
compared with a neutral head position and thus looks at the
specific effect of altering cervical afferent input on eye
movement.18-20 It is possible, then, that some patients after
mTBI with abnormal JPE or SPNT, which may reflect
altered cervical proprioceptive input to and/or integration
within the sensorimotor control system, may benefit from
management directed toward improving CSP.15,21

Further, it was noted clinically that when cervical spine
proprioceptive retraining (CSPR) was initiated in a specific
group of our patients who demonstrated at least 1 positive
JPE or SPNT test and no obvious peripheral or central
vestibular signs, outcomes regarding dizziness seemed to
improve. Thus, this retrospective chart review endeavored to
assess whether CSPR resulted in greater odds of recovery of
dizziness than treatment with traditional vestibular therapy in
this specific group.
METHODS

Study Sample
The Brooke Army Medical Center institutional review

board approved this study. A comprehensive retrospective
chart reviewwas performed on all charts of patients seen from
2009 to 2013whowere treated for dizziness after mTBI in the
Brooke Army Medical Center Brain Injury Rehabilitation
Service physical therapy clinic. The review was performed on
all active-dutymilitary patients seen between 2009 and 2013 for
dizziness after mTBI who completed a full course of treatment.

All charts of patients with mTBI who reported dizziness
did not have a known vestibular or central pathology
(eg, benign paroxysmal positional vertigo, superior semicir-
cular canal dehiscence, unilateral vestibular hypofunction;
see Fig 1) and demonstrated abnormal SPNT or JPE were
reviewed (Table 1).22-26 Mild TBI was defined consistent
with Department of Defense parameters as a loss or alteration
of consciousness for no longer than 30 minutes, post-
traumatic amnesia of no longer than 24 hours, and normal
imaging of the brain, if taken.1 Other inclusion criteria
included patients diagnosed with an mTBI who had received
VRT only or CSPR only with no other confounding
treatments, although both groups received physical therapy

Image of Fig 1


Table 1. Descriptions of Special Tests

Test name Descriptor of techniques as used during the period of this study

Cervical Proprioception Tests

JPE, a test of CSP An light-emitting diode device attached to the head of a standing patient and a calibrated target
were used to identify accuracy of head position sense in neutral with eyes closed after actively
moving the head from a position of slight discomfort or stretch without pain following right and
left rotation and flexion/extension. Stabilization of the patient was attained through placement of
the hand on a cabinet to their right. Inaccuracy of more then 4.5° from the bull’s-eye as identified
by a yellow stripe on the target when the patient’s ears are 90 cm from the wall in any direction
was considered an abnormal finding on this test. If the patient had normal tests in all 4 directions
on the first trial, they were asked to perform the test again for a second trial in all directions.16,22

SPNT, a test believed to measure effects of the
cervical spine on ocular control

Quality of smooth pursuit by visual inspection and/or patient sensation was compared in neutral
and with the patient’s head torsioned statically to the left and to the right. Variability of sense or
observed quality of motion received an abnormal test finding.20,23

Tests Used for Exclusion Criteria

Smooth pursuit Therapist observes the quality of smooth pursuit in all directions. Consistent saccadic intrusions
were deemed to be central in nature; inconsistent were considered questionable.24,25

Gaze-evoked nystagmus Therapist observes stability of eye at a point short of end gaze abnormal test indicated by
nystagmus. Direction changing gaze-evoked nystagmus was indicative of a central sign;
however, end gaze evoked is not considered abnormal. Gaze evoked in one direction is indicative
of unilateral vestibular hypofunction.25,26

Dix-Hallpike testing Used in the event of the description of vertigo that occurs when moving from sitting to or from
supine. Video goggles are applied to the patient and head is turned; the patient’s head is stabilized
with the therapist’s hands as the patient is in long sitting. The patient is then taken back into
supine rapidly so that the head is in a position of extension and rotation over the downward-
placed headrest of the mat table. A positive test demonstrates an up or down beating torsional
nystagmus of seconds to minutes duration. Seconds duration denotes canalithiasis, minutes
duration cupulolithiasis. The direction of torsion denotes the affected ear and up or down beat
denotes posterior or anterior canal, respectively.25

Roll test Used in the event of the description of visual vertigo that occurs when one rolls over in bed. The
patient is supine on the bed with video goggles on and head elevated on headrest. The patient
rotates the head rapidly to one direction and holds. Geotropic or ageotropic nystagmus denotes
horizontal canal issue and time of nystagmus denotes cupulolithiasis vs canalithiasis as in Dix-
Hallpike above.25

VOR cancellation The patient sits in a rotating office chair and clasps both hands together with their thumb in front
of them. The chair is rotated quickly back and forth while the patient focuses on the thumbs. An
abnormal test result is the inability to keep the eyes on the target. It indicates an abnormality in the
central nervous system or an imbalance in the peripheral vestibular system. A sharp change in
direction of chair motion was used in lieu of the head thrust test to identify UVH as it eliminates
any input the neck might have on the test and to not exacerbate neck pain.25

CSP, cervical spine proprioception; JPE, joint position error; SPNT, smooth pursuit neck torsion test; UVH, unilateral vestibular hypofunction; VOR,
vestibulo-ocular reflex.
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for musculoskeletal pain as indicated, per standard treatment
in the clinic.

Exclusion criteria included any patients who had clear
peripheral vestibular or consistent central signs on clinical
vestibulo-ocular testing with or without visual suppression.
Charts of patients who demonstrated saccadic intrusion on
smooth pursuit and hyper- or hypometric saccade that were
not consistent were not excluded. This was done under the
logical assumption that aberrant cervical proprioceptive
input could potentially cause intermittent saccadic eye
movements. Table 1 describes the tests used to make these
determinations during a targeted vestibular evaluation by a
physical therapist.

The beginning date was chosen as the period when
comprehensive physical therapy vestibular testing started
(March 2009-2011), when a treatment plan change was
initiated, and ending in 2013 when a second treatment plan
change introduced an exclusionary criterion of high-velocity
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low-amplitude thrust manipulation. The full breakdown of
chart selection is shown in Figure 1. There was no statistical
basis used to determine sample size. Thus all patients who
met the criteria during this period were examined.
Interventions
Standard Care—VRT. The Brooke Army Medical Center

Brain Injury Rehabilitation Service VRT standard treatment
for dizziness after mTBI consisted of vestibular ocular reflex
retraining and balance exercises as deemed appropriate by the
clinician. A home exercise program consisted of common
vestibular ocular reflex retraining exercise progressions (ie,
gaze stabilization with horizontal and vertical head motion
advancing in difficulty with tolerance) to be completed 3 to 5
times per day and 1-time-daily substitutive balance exercises
using combinations of 5 variables to customize the challenge
for each individual (hard to soft surface, wider to smaller base
of support, arm position changes from abducted to at side to
crossed, and eyes open or closed).

Cervical Spine Proprioceptive Retraining. This treatment is
structured as a game designed to improve cervical proprio-
ception using a standard assessment measure.16,17 Patients
practiced head relocation to neutral with feedback from the
light-emitting diode beam attached to the head and projected
onto a target.16,17 The patients performed CSPR at least twice
per day as a home exercise program, once each in themorning
and evening. Patients were tested the following week to
verify proper technique and were instructed to stop the CSPR
exercise when they were free of dizziness for 2 weeks and
thereafter use CSPR as needed.

All patients in either the VRT or CSPR group also
received soft tissue and joint mobilization tailored to the
needs of the patient, per standard treatment in the clinic.
Outcome Measure
Dizziness improvement was determined from patient self-

report of symptoms on discharge re-evaluation or through
weekly questioning. Patients who reported resolution of
dizziness symptoms for at least 2weeks before dischargewere
scored as “improved,” with any dizziness in the last 2 weeks
being scored “no improvement.” The outcome variable was
dichotomous: no improvement = 0, improvement = 1.
Characterization of the Sample
To better understand the sample, we examined age, sex

(male or female), branch of service (Army, Air Force, and
Navy), military rank (enlisted or officer), injury type
(blunt, blast, motor vehicle accident, and multiple), time
since injury (TSI), and number of treatments by intervention.
Data regarding secondary gain, psychiatric concerns, anxiety,
and the presence or severity of neck pain were not
retrospectively available.
Statistical Analysis
Descriptive statistics of the sample were first generated.

Although we describe the intervention groups by sex,
branch of service, military rank, and injury type, we did not
include these in the logistic regression owing to a limited
sample size. We opted instead to prioritize clinical
characteristics deemed by the clinical authors to be most
relevant. These factors included age, TSI (more or less than
1 year), and number of treatments received. Age and TSI
violated the assumption of linearity and log odds and were
thus categorized. Age was divided into 2 equally sized
categories (younger than 34, 35 and older). The TSI was
categorized into either less than or more than a year to
evenly divide the sample to assess for any difference in
outcomes after care. Number of treatments received was
categorized into 9 or fewer and 10 ormore (Table 2).We then
ran a standard logistic regression using Statistical Packages
for Social Sciences software version 14 (SPSS Inc, Chicago,
Illinois), including the following factors: treatment (CSPR or
VRT), age, TSI, and number of treatments received.

To assess multicollinearity among the factors in the
regression, we examined variance inflation factors among all
the variables, finding that none met the criteria for possible
multicollinearity (variance inflation factors ≥3; all values
b2.22). The results of the logistic regression analysis are
reported using adjusted odds ratios with their associated 95%
CIs. The level of statistical significance was set to P b .05.
RESULTS

The resultant sample consisted of 48 participants with a
mean age of 33.48 years (standard deviation 8.88), with 6
women and 42 men. Overall, the sample was predominantly
composed of enlisted personnel (83.3%) in the Army
(87.5%). Descriptive statistics of the sample for each
treatment group are shown in Table 2.

The logistic regression analysis indicated treatment as a
significant predictor of dizziness improvement, indicating
that those who received the CSPR treatment were
approximately 30 times more likely to report improved
dizziness relative to those who received usual care. Further,
those for whom it had been more than a year since injury
were less likely to report dizziness improvement relative to
those for whom it had been less than a year. The results of
the regression analysis are shown in Table 3.
DISCUSSION

This study examined subjective improvement of dizzi-
ness in patients with mTBI who had signs of altered cervical
proprioception, with no accounting for absence or presence of
neck pain. This subgroup of patients was 30 timesmore likely
to report relief of dizziness if they had treatment directed
toward improving CSP rather than the clinic’s standard care,



Table 2. Characteristics of the Sample

n (%) VRT CSPR Total

Outcome

Dizziness not improved 18 (81.8) 4 (15.4) 22 (45.8)

Dizziness improved 4 (18.2) 22 (84.6) 26 (54.2)

Age

Younger than 34 10 (45.5) 14 (53.8) 24 (50%)

35 and older 12 (54.5) 12 (46.2) 24 (50%)

Time since injury

Less than a year 10 (45.5) 19 (73.1) 29 (60.4)

More than a year 12 (54.5) 7 (26.9) 19 (39.6)

Number of treatments

9 or fewer 10 (45.5) 15 (57.7) 25 (52.1)

10 or more 12 (54.5) 11 (42.3) 23 (47.9)

Sex

Male 20 (90.9) 22 (84.6) 42 (87.5)

Female 2 (9.1) 4 (15.4) 6 (12.5)

Branch of service

Army 19 (86.4) 23 (88.5) 42 (87.5)

Air Force 2 (9.1) 3 (11.5) 5 (10.4)

Navy 1 (4.5) 0 1 (2.1)

Rank

Enlisted 17 (77.3) 23 (88.5) 40 (83.3)

Officer 5 (22.7) 3 (11.5) 8 (16.7)

Injury type

Blunt 6 (27.3) 9 (34.6) 15 (31.3)

Blast 10 (45.5) 12 (46.2) 22 (45.8)

Motor vehicle accident 2 (9.1) 3 (11.5) 5 (10.4)

Multiple 4 (18.2) 2 (7.7) 6 (12.5)

CSPR, cervical spine proprioceptive retraining; VRT, vestibular rehabili-
tation therapy.
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which was directed toward the vestibular and central nervous
system. Further, 85% of the individuals in the CSPR group
and only 18% in the usual care group had dizziness
improvement (Table 2). These findings suggest that treatment
directed toward cervical proprioception may be important for
individuals with dizziness after mTBI where signs of altered
CSP are demonstrated and no clear peripheral vestibular or
consistent central signs are present. The results also suggest
that treatmentmay bemore effective if deliveredwithin a year
after injury and supports early, appropriate management in
this subgroup. We hypothesize that a large proportion of the
patients with mTBI experiencing dizziness may have had
underappreciated cervicogenic dysfunction or sensorimotor
integration deficit,9,11,21,27 which may respond well to
treatments targeting cervical spine proprioception, especially
if identified early. It is also possible that this type of training
assists with sensorimotor compensation regarding other
systems within the sensorimotor control system.9,11,21,27

This may be regardless of the presence of neck pain or subtle
vestibular dysfunction. Future studies should consider if the
presence of neck pain is an important factor in the outcome in
this population. Other studies incorporating this type of
therapy in mTBI have combined this with vestibular
management with success in sporting individuals.9,27 Further
research could consider additional benefits of using a
combined cervical vestibular approach. Other studies have
shown improvement following isolated CSPR treatment, but
this has been in those with neck pain with different outcome
measures and thus comparison to the results of the current
study is limited.17,28
Limitations
This was a retrospective records review evaluating a

perceived improvement in subjective symptoms realized after
a treatment plan change was initiated and thus lacks many of
the rigorous methodological controls of a prospective study.
Further, by design the study selected patients with abnormal
findings on the CSP tests and excluded those with active,
uncompensated vestibular pathology and consistent central
signs. For this reason, the results should not be generalized to
all mTBI patients with dizziness.

Further, our sample was too small for statistical analysis of
the impact of time since injury (eg, in the VRT group [n = 22]
4 had improved dizziness, while 18 did not). It is likely that
the limited number of those who experienced improved
dizziness among those treated with VRT (4) and those who
did not experience dizziness improved among those treated
byCSPR (4) contributed to the large 95%CI generated for the
intervention factor. Further study on this point is warranted.

It is possible that those with subtle vestibular or central
pathology were not excluded, as those with intermittent
central signs were not excluded. Although, we would argue,
this should have negatively affected any potential positive
findings of the study. It could be argued that the clinical
tests used to identify CSP were not specifically validated or
reliable; however, the fact that treatment directed toward
these impairments improved dizziness in 85% of the
participants may suggest that the tests were able to identify
those who are likely to respond to CSPR treatment.



Table 3. Results of the Logistic Regression on Dizziness Outcome

Factor
N = 48
n (%)

Dizziness Not Improved
n = 22

Dizziness Improved
n = 26

Adjusted Odds Ratio
(95% CI)

Treatment

VRT 18 (81.8) 4 (18.2) Ref

CSPR 4 (15.4) 22 (84.6) 30.12 (4.44-204.26) a

Age

Younger than 34 8 (33.3) 16 (66.7) Ref

35 and older 14 (58.3) 10 (41.7) 0.48 (0.07-3.55)

Time since injury

Less than a year 8 (27.6) 21 (72.4) Ref

More than a year 14 (73.7) 5 (26.3) 0.08 (0.01-0.69) a

Number of treatments

9 or fewer 9 (36.0) 16 (64.0) Ref

10 or more 13 (56.5) 10 (43.5) 0.21 (0.03-1.74)

CSPR, cervical spine proprioceptive retraining; Ref, reference group; VRT, vestibular rehabilitation therapy.
a Statistically significant at the P b .05 level.
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Owing to the retrospective nature of the study, treatments
provided may not have been consistent, of similar dose, or
standardized. It is possible that manual therapy treatment was
not similar between the groups; however, this is unlikely as this
had always been part of standard treatment. Because dizziness
was the focus of the treatment of these individuals, physical
therapy intervention for pain was limited to occasional soft
tissue and low-grade joint mobilization and no other modalities.
Similarly, compliance to the homeprogrammight not have been
equal. In fact, the possibility that CSPR was better adhered to is
likely as it was less intensive and time-consuming compared
with VRT. We do not have data on compliance to treatment,
however. Future research should consider the effect of CSPR
treatment in those with normal results on these CSP tests.

Another limitation is that a single therapist performed all
assessments and oversaw all treatments for the patients. The
same therapist collected all data for the review. Although this
created an opportunity for bias as there was no blinding, it
potentially created greater consistency in the administration of
assessments and delivery of treatments. However, the authors
acknowledge that the evidence would be stronger if there had
been another therapist available for data collection or review.

Further, this was a study of active-duty military personnel
who are more likely to have sustained multiple orthopedic
injuries than the general population, and therefore results may
not be directly translatable to other populations with mTBI.

Finally, although we are assuming somewhat that CSPR
retrains cervical proprioception, it is also possible that this type
of training assists with sensorimotor integration or compen-
sation with respect to other systems within the sensorimotor
control system. No data were collected on presence or absence
of neck pain or headaches; however, it was treated with
standard-of-care physical therapy as appropriate for each
patient and was consistent between groups.

This was a retrospective review and lacks methodological
rigor; however, the improvements in patients’ subjective
dizziness outcomes would appear noteworthy. Future
research should explore the efficacy of CSPR in a prospective
manner in addition to which factors or diagnostic tests best
delineate patients who may respond to CSPR.
CONCLUSION

The study results demonstrated that active-duty military
patients after mTBI with dizziness, abnormal CSP tests, no
active vestibular pathology, and no consistent central signs
who had treatment directed toward CSP seem to improve in
their dizziness symptoms more than the patients who had
the usual care (consisting of VRT).
ACKNOWLEDGMENT

The authors thank Robert Landel, DPT, who assisted in
initial attempts to review and evaluate the data, providing
assistance with authorship of previous attempts to get this



405Hammerle et alJournal of Manipulative and Physiological Therapeutics
SPR for mTBI Retrospective 2018Volume 42, Number 6
information into a manuscript format. Amy Bowles, MD,
assisted with authorship of previous attempts to get this
information into a manuscript format.
FUNDING SOURCES AND CONFLICTS OF INTEREST

No funding sources or conflicts of interest were reported
for this study.
CONTRIBUTORSHIP INFORMATION

Concept development (provided idea for the research):M.H.
Design (planned the methods to generate the results):
M.H., A.A.S., J.T.N., J.M.T.
Supervision (provided oversight, responsible for orga-
nization and implementation, writing of the manuscript):
M.H., A.A.S., J.T.N., J.M.T.
Data collection/processing (responsible for experiments,
patient management, organization, or reporting data):
M.H., A.A.S., J.T.N.
Analysis/interpretation (responsible for statistical analy-
sis, evaluation, and presentation of the results): M.H.,
A.A.S., J.T.N., J.M.T.
Literature search (performed the literature search): M.H.,
J.M.T.
Writing (responsible for writing a substantive part of the
manuscript): M.H., A.A.S., J.T.N., J.M.T.
Critical review (revised manuscript for intellectual
content, this does not relate to spelling and grammar
checking): A.A.S., J.T.N., J.M.T.
Practical Applications
• Some studies indicate adding manual therapy
to the treatment of patients with dizziness after
concussion.

• The findings of this chart review suggest that
treatment directed toward proprioceptive
retraining of the cervical spine may be more
beneficial than manual therapy and standard
vestibular rehabilitation.

• This indicates investigation into whether there
is more cervical then central input as the
source of error causing the dizziness.
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