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Abstract
Background and objective: Whiplash associated syndrome is one of the neck disorders that is accompanied by several
chronic symptoms. Balancing problems arising from common disorders and dizziness are considered as manifestations
that are time-consuming to evaluate and treat. The present study aims to investigate the effect of vestibular-balance
rehabilitation using a test that can be used for differential diagnosis of these lesions by comparing dizziness handicap
inventory (DHI) and Smooth Pursuit Neck Torsion (SPNT) scores.
Method: This was an analytical cross-sectional study with a two-stage design. Forty patients with whiplash-associated
disorders were randomly divided into control and intervention groups. SPNT test and DHI evaluation were performed
for both groups. For twenty people selected randomly in the intervention group, vestibular-balance rehabilitation was
performed during 12 sessions. Finally, the SPNT and DHI tests were performed again to examine and compare the
results.
Results: The results of this study showed that there was a statistically significant difference between the scores of
smooth pursuit neck torsion gain in the SPNT test, the total score of DHI, the functional components of this questionnaire
between the control and intervention groups after the implementation of the rehabilitation, and the differences in the
physical, functional, and emotional components of the questionnaires of the control and intervention groups after
rehabilitation exercises.
Conclusion: Vestibular-balance rehabilitation exercises can be an effective treatment for dizziness and improving the
quality of life of a person suffering from whiplash-associated disorder, followed by the reduction in dizziness caused by
disability.
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INTRODUCTION

into control and intervention groups. At first, in order to
randomization, numbers from 1 to 40 were randomly
selected by software on the internet and were then
divided into two groups. The list was then provided to the
physician and the patients entered the study in turn. In
the first stage, all patients in both control and intervention
groups were subjected to the SPNT test in order to
determine the Smooth Pursuit (SP) gain, SPNT gain, and
the difference between these two gains (SPNT diff), and
then completed DHI in order to evaluate total score and
the components of this questionnaire. The implementation
of the SPNT test was such that the patient was once in a
normal situation and using the VNG device, the SP gain
was calculated. In the next step, the patient’s neck was in
the 45-degree rotated position to the right and left, and
the mean SPNT gain in both directions was calculated.
In order to eliminate the involvement of the vestibular
space between the rotation situations to the right and left,
a short pause was given. Finally, the differences between
the SPNT and SP (SPNT diff) were calculated. In cases
where 45 degrees of neck rotation were causing pain, an
angle of at least 30 degrees was used. DHI was used to
assess dizziness, which consisted of functional, physical
and emotional components. The questionnaire consisted
of 25 items with three choices and each item had the
following choices: yes (4 scores), sometimes (2 scores)
and no (zero scores). For 20 patients in the intervention
group, vestibular-balance rehabilitation exercises were
performed during 12 50-minute sessions, twice a week for
6 weeks. Exercises included: standing on a foam surface
and turning the head to the sides, walking on an inclined
plane and turning the head to the sides, standing on a
trampoline and moving the eyes to the sides, heel-to-toe
walk on the line up to 5 meters, and standing on one leg.
In more difficult levels, these exercises were done with
closed eyes. In the second stage, after performing these
exercises, SPNT test was performed again for both control
and intervention groups to determine SP, SPNT, and
SPNT diff. The DHI was then completed by the patients.
Inclusion criteria were presence of vertigo in WAD patients
with grades I, II or grade III based on Quebec Task
Force Classification (QTFC), and the patients consent
on participation in the study. The exclusion criteria were
positive Hallpike test and patients non-willingness to
participation and withdrawn from the study. The paired
t test and standard Chi-square tests were performed to
establish the significance of the difference between the
various above measurements in each group.

The whiplash syndrome is a complex disorder that is
associated with the injury to the neck or its soft tissues
resulting from sudden and forward acceleration due to
the effect of hyperextension or hyper flexion of the neck.
Several chronic symptoms such as tinnitus, neck ache,
Temporo Mandibular Joint (TMJ) disorder, ataxia, neck
stiffness, decrease in neck motion range, headache,
concentration problems, psychosocial problems, and
dizziness. The sum of these symptoms is known as
Whiplash-Associated Disorder (WAD)1-4. Since there is
no specific test for the differential diagnosis of this lesion
among other cervical disorders, the Smooth Pursuit
Neck Torsion (SPNT) test has recently been considered.
Advantages of this test include its high sensitivity and
specificity, lack of pain-pressure and other discomforts
for the patient, and easy and convenient implementation
using the oculomotor equipment4. Abnormal results
in this test indicate abnormal neck proprioceptive
inputs to the vestibular nuclei5. The basis of the SPNT
test is the evaluation of neck proprioceptive inputs,
Cervical Ocular Reflex (CCR), and Cervical Dizziness
Collic Reflex (CDCR)6. By correct and timely diagnosis
of interdisciplinary disorders through choosing the
proper test and subsequent appropriate treatments and
interventions, it is possible to affect the patient's quality
of life significantly. Subjective dizziness with functional
disorder affects the balance of most patients with this
lesion. This disorder is hard to evaluate and treat clinically7.
Among the several treatments presented, the efficacy and
positive impacts vestibular-balance rehabilitation have
been proven8. The aim of rehabilitation is to re-establish
symmetry and proprioceptive normal feedbacks from
splenius cervicis muscle to the central nervous system9.
Despite the few and limited studies that have been
done on patients with whiplash-associated disorder and
therapeutic methods in these patients, the purpose of
this study was to evaluate the efficacy and effectiveness
of vestibular-balance rehabilitation in treating patients
with WAD, and to implement the SPNT test as one of the
methods for differential diagnosis of this disorder10.

MATERIALS AND METHODS
This research was approved by the Vice-Chancellor of
Ethics Committee of Iran University of Medical Sciences
(Code of Ethics: IR.IUMS.FMD.REC 1396.9413301003) as
an applied study in analytical cross-sectional form, and
was carried out using two stages by comparing the score
of smooth pursuit neck torsion gain and total score and
the score of components of dizziness handicap inventory
before and after the vestibular-balance rehabilitation
exercises. The subjects of this study were selected from
the patients referred and hospitalized in the orthopedic
and rheumatologic departments of Amir Alam and Hazrat
Rasool Hospitals, Tehran, Iran during 2017-18. Forty
patients with WAD including 15 women and 25 men with
age group of 15-64 years old were randomly divided

RESULTS
In this study, 40 patients with whiplash-associated
disorder in the age group of 15-64 years were randomly
divided into two groups: intervention (n=20), and control
(n=20). There was no significant difference between the
demographic and clinical data of the two groups (Table
1). In the first stage and before performing vestibularbalance rehabilitation exercises, there was no significant
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Table 1. Patients' demographic and clinical data.
Variable
Female
male

Gender

Intervention

Control

P-Value

6 (30%)
14 (70%)

9 (45%)
11 (55%)

0.074

Age (year)

42.30±2.746

44.75±2.747

0.532

Duration of involvement (month)

31.65±5.613

34.05±5.034

0.752

difference among the mean scores of the SP gain in
normal condition, SPNT gain, and SPNT diff in both
groups (p>0.05). After performing vestibular-balance
rehabilitation exercises, there was no significant difference
between the mean score of SP in both groups. However,
two SPNT and SPNT diff scores were significantly different
in the control and intervention groups11. Also, the results
of the first and second stages in the control group did not
show a significant difference, while there was a significant
difference between the mean of the results of the first and
second stages in the intervention group (Table 2).In the
first stage, there was no significant difference between the
mean score of the components and the total score of the
DHI in both groups (p>0.05). After performing vestibularbalance rehabilitation exercises in intervention group,
significant was observed difference between the mean
total score and the score of functional, physical, and
emotional components before and after the exercises.
These values were not significantly different in the control
group (Table 3).

DISCUSSION
Combining vestibular rehabilitation and balancing
rehabilitation can be helpful in treating dizziness caused by
WAD. Vestibular rehabilitation therapy exercises are aimed
at reducing dizziness symptoms, adjusting proprioceptive
afferents of the neck, and ocular exercises to improve
the function of VOR12-14. Assessing the symptoms and
the severity of dizziness by questionnaire can give us
an accurate insight into the impact of treatment on the
physical, functional and emotional problems of the patient.
The results of a study by Tjell et al.6 reported the sensitivity
and specificity of the SPNT test in WAD patients with
dizziness 90% and 91%, respectively, and recommended
this test for diagnosis of WAD patients with dizziness
symptoms. The aim of this study was to investigate the
effect of vestibular-balance rehabilitation in patients with
whiplash-associated disorder, using Dizziness Handicap
Inventory (DHI) and Smooth Pursuit Neck Torsion (SPNT)
test. 40 patients were studied in two groups including

Table 2. Comparison the results of the first and second stages in the two groups
Variable
Intervention
Control

SP
P-Value

Intervention
Control

SPNT
P-Value

Intervention
Control

SPNT diff

*

P-Value
P<0.05 is considered as significant level

Before

After

P-Value

0.84±0.010
0.82±0.013
0.432
0.66±0.013
0.66±0.017
0.757
0.17±0.011
0.16±0.012
0.683

0.85±0.009
0.82±0.012
0.098
0.77±0.011
0.66±0.017
<0.0001*
0.08±0.007
0.16±0.013
<0.0001*

0.012*
0.92
<0.0001*
1
<0.0001*
0.92
-

Table 3. Comparison of mean total score and components of DHI in the two group0073
Component

Before

After

P-Value

16.80±1.755
14.20±1.457

10.70±1.712
14.30±1.445

< 0.0001*
0.95

0.262

0.0116

-

21.20±1.496
20.20±1.329

10.70±1.267
19.90±1.277

< 0.0001*
0.63

0.620

< 0.0001*

-

Intervention
Control

12.80±1.808
12.70±1.408

8.20±1.428
12.70±1.423

< 0.0001*
0.98

0.92

< 0.0001*

-

Intervention
Control

43.10±2.10
50.80±3.57

29.60±2.855
46.90±1.965

< 0.0001*
0.055

0.071

< 0.0001*

-

Intervention
Control

Physical
P-Value

Intervention
Control

Functional
P-Value
Emotional
P-Value
Total
P-Value
*

P <0.05 is considered as significant level
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as an effective treatment to treat dizziness and reduce the
disability caused by it, followed by increasing the WAD
patient’s quality of life.

intervention and control. Before performing vestibularbalance rehabilitation exercises, there was no significant
difference among the mean scores of SP, SPNT, and
SPNT diff in both groups (p>0/05). After performing the
exercises, there was a significant difference between the
SPNT and SPNT diff scores in the two groups, but there
was no significant difference between the SP score of the
two groups. The results of a clinical trial performed by
Ekvall Hansson et al. after performing vestibular-balance
rehabilitation exercises in the intervention group showed
a significant difference in reducing dizziness symptoms
and improving quality of life, which were consistent with
the results of this study13. SPNT and SP values in the
intervention group were significantly increased, but no
significant difference was observed in the control group.
In other words, the results of this study indicate the
effectiveness of rehabilitation exercises on the treatment
of disability caused by dizziness and its components in
patients with WAD. The results of showed the rehabilitation
therapy caused a 25% improvement in neck reflex,
extension and right side bending and a 50% improvement
in motion for left side bending and left rotation, and
treatment of symptoms in head movements with open and
closed eyes, which were consistent with the results of this
study16-24. Before the intervention, there was no significant
difference between the mean scores of components and
the total score of the DHI in the two groups (p>0.05). After
performing vestibular-balance rehabilitation exercises,
there was a significant difference between the mean total
score and the score of functional, physical, and emotional
components in the two groups. These components were
significantly improved in the intervention group but did not
show any significant difference in the control group25-27. The
results of a study by Tuo K et al.28 reported the treatment of
dizziness, improving functional level and patient balance,
and complete return to previous activities after 3 weeks
of vestibular-balance rehabilitation exercises, which
were consistent with the results of the present study11.
The results of a study by Ekvall Hansson et al.4 showed
a significant difference and improvement in the score of
the physical and functional components of the DHI after
8 weeks and 3 months performing vestibular-balance
rehabilitation exercises in the intervention group, which
were consistent with the results of this study13. It showed
that three weeks of rehabilitation based on open and
closed eye exercises reduced pain, decreased dizziness,
improved static balance, non-deviation in walking with
both open and closed eyes, which was consistent with
the results of the present study. The results of a metaanalysis study by Lystad et al.12. It reported the efficacy
of rehabilitation therapy on treating dizziness, muscle
tenderness, and pain, and improving range of motion
in the neck, which was consistent with the results of the
present study29.
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