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Introduction: Patients with chronic dizziness often have an unremarkable

laboratory vestibular examination and have medical clearance from other

specialties. However, functional impairments are still significant and a�ect

patients’ quality of life. Recent diagnostic criteria and identification of persistent

postural perceptual dizziness (PPPD) have helped us to better understand the

psychological-somatic manifestations of organic disorders. As the literature

suggests good e�cacy using a combination of cognitive behavior therapy (CBT)

and vestibular rehabilitation, we compared the e�cacy of a hybrid protocol using

dizziness handicap inventory (DHI) as an outcome measure amongst the di�erent

sub-types of chronic dizziness.

Methods: This was an observational study with 35 participants allocated to

three di�erent groups: those who strictly fulfilled the PPPD criteria, those with

spontaneous episodic vestibular syndrome, and participants with non-specific

dizziness. We compared the DHI total and sub-domain scores at baseline and 6

months post-intervention for di�erences. All participants undertook three sessions

in 6 months.

Results: The total DHI scores were reduced in all three groups. However, the

DHI total on average was 11 points higher in the episodic vestibular syndrome

group. The emotional sub-domain scores were also reduced in all three groups,

but the functional and physical scores were significantly higher in the episodic

vestibular group.

Conclusion: A hybrid protocol worked best for typical PPPD patients who

strictly fulfilled the criteria followed by participants in the non-specific dizziness

group. When symptoms were episodic in spontaneous vestibular syndrome,

only emotional handicap was reduced at 6 months, but functional and physical

handicap scores remained high. Regardless, the DHI total scores in all groups were

significantly reduced, possibly due to CBT reducing the anxiety that results from a

lack of understanding of the clinical diagnoses.
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1 Introduction

Although the majority of vestibular conditions are clinical

diagnoses and can be diagnosed bedside with proper examination

techniques (Baloh et al., 2011), most of the participants with

dizziness at the outpatient otorhinolaryngology clinic are usually

seen in the chronic phase and are also usually harder to manage.

These participants commonly present with more than 3 months of

dizziness history, and despite maximal medical management, still

have complaints of functional dizziness. Often, further laboratory

vestibular assessment, neurodiagnostic imaging, and other medical

specialty investigations are unremarkable. In 2017, the diagnostic

criteria for persistent postural perceptual dizziness (PPPD) reached

a consensus (Staab et al., 2017) and described participants with

symptoms of dizziness or unsteadiness present on most days for a

duration of 3 months or longer. These symptoms are usually made

worse in an upright posture, with any active or passive movement,

and when exposed to provocative visual stimuli or complex visual

patterns. The precipitating underlying condition may or may not

be vestibular in origin and can include general medical illness or

psychological distress, with PPPD leading to significant functional

impairment and distress over time. Symptoms in PPPD are usually

not pathognomonic and have many differentials to consider. Some

participants may also not fit the typical diagnostic criteria leading to

diagnostic challenges in the population. However, the diagnosis of

classic PPPD may not be as important as formulating evidenced-

based management plans for this group of participants, as the

functional impairments (Chua, 2020) affecting participants’ quality

of life should be the focal point. A recent study by Powell et al.

(2020) suggested that a high level of PPPD symptoms exists in the

general nonclinical population and is not uncommon. As PPPD is

a recently defined disorder of functional dizziness, less evidence

is present for the management plans. While the evidence for

selective serotonin reuptake inhibitors (SSRIs) is weak (Popkirov

et al., 2018), psychologically informed cognitive behavior therapy

(CBT) with relaxation techniques has recently shown promising

evidence in a randomized controlled trial (Herdman et al., 2022).

Our study aimed to recruit PPPD participants through a case-series

design to investigate the effects of a hybrid CBT and vestibular

rehabilitation. Our primary objective was to establish if there was

a greater proportion of PPPD participants with a reduction in

the Dizziness Handicap Index (DHI) by at least one category

of severity, as compared to other dizziness groups. A secondary

outcome was to analyze the emotional, functional, and physical

aspects of DHI. We hypothesized that PPPD participants would

have a significant reduction in all three domains, especially in

the emotional aspects, as compared to other dizziness groups.

This is because PPPD is characterized as a functional disorder

and outcomes are heavily influenced by patients’ psychological

reactance to the organic problem. Hence, the emotional response

from the limbic system could potentially be reduced. Whereas, in

other diagnoses of dizziness, the organic problem itself may take

precedence over any emotional reactance. DHI was considered an

outcome measure as it is a commonly used and validated tool for

exploring one’s self-perceived dizziness handicap across different

domains, including emotional responses. There is good evidence

to suggest that DHI directly correlates with the quality of life in

patients experiencing chronic dizziness.

2 Materials and methods

This study had a single-center, prospective observational

design. The study was approved by the Singhealth Centralised

Institute Board (CIRB) 2020/2250. Participants who presented

to the Department of Otorhinolaryngology-Head and Neck

Surgery between October 2020 to April 2021 and who had a

clinical diagnosis after bedside examination by an ear, nose, and

throat (ENT) physician were included. All participants undertook

laboratory vestibular examination and neuro-diagnostic imaging to

exclude any active/acute or uncompensated peripheral vestibular

involvement. The participants who strictly fulfilled the PPPD

diagnostic criteria as determined by the Barany Society (Staab et al.,

2017) were allocated to one group, while the rest with atypical

PPPD features were in the other group. In the atypical PPPD

group, participants are further split into the clinical diagnosis sub-

types, namely spontaneous episodic vestibular syndrome or non-

specific dizziness. All participants had their baseline DHI recorded

and were subjected to a hybrid CBT and vestibular rehabilitation

protocol at our local institution. Participants returned in the 3rd

month with progression to the protocol administered and DHI was

measured again in the 6th month.

Spontaneous-episodic vestibular syndrome is defined by

the recent GRACE-3 guidelines for emergency care when

patients present with vertigo (Edlow et al., 2023) to consider

a differential between vestibular migraine and Meniere’s disease

when a peripheral vestibular etiology is suspected. As not

all patients will strictly fulfill the Barany Society’s diagnostic

criteria, spontaneous episodic vestibular syndrome may be a

more appropriate term to use. In the PPPD group, participants

either had a previously identified unilateral vestibulopathy or

resolved BPPV. While the non-specific dizziness group had

unremarkable bedside vestibular examination supported by a

normal complete laboratory vestibular investigation and diagnosis

of exclusion from other medical specialties such as neurology and

cardiology. All patients had central causes of vertigo excluded

prior to their recruitment and had no psychotropics or centrally

sedating medications.

2.1 Cognitive restructuring

Cognitive restructuring is a technique used in CBT where

negative thoughts and hypotheses about the person and the world

are replaced by an alternative logical belief formulation. The goal

is to grant cognitive access to an alternate belief when negative

thought patterns surrounding a situation are identified (Clark,

2013). For example, a negative thought about fall risks may ensue

in a patient with dizziness such as “I might fall if I cross the road.”

An automatic incorrect assumption would be “If I go out, I might

have to cross the road and hence, I might fall.” Taken in context,

for a patient with Benign Paroxysmal Positional Vertigo (BPPV)

and chronic dizziness, for example, the negative thought could be

“My dizziness was triggered with quick head movements and hence

moving head too quickly will cause BPPV.”We know that this is not

true and psychoeducation about the pathophysiology of BPPV will

help empower the patient to understand the disease process better.
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With extensive counseling, the patient may start to exhibit a good

understanding of evidence-based beliefs that no post-maneuver

restrictions are needed for BPPV. A correction to this cognitive

bias could also be to suggest that if quick head movements induce

BPPV, we should expect many sporting athletes and ballerinas with

repeated BPPV yet we know this is untrue.

2.2 Cognitive relaxation

Areas of the brain, especially that of the limbic system

mediating mood and regulating emotions can influence autonomic

regulation. In participants with chronic persistent dizziness, it is not

uncommon for them to experience autonomic dysregulation (Lee

and Kim, 2014), which includes variation in heart rate and blood

pressure. Since there are bi-directional neuronal pathways between

vestibular and limbic systems (Rajagopalan et al., 2017), it is not

unreasonable to suggest that vestibular stimulation or exercises that

help to regulate anxiety, stress, and mood can help with chronic

dizziness (Ferrè et al., 2012; Doll et al., 2016). As there are high

levels of anxiety and depression seen in participants with dizziness

(Kim et al., 2016) and evidence to suggest an interaction of stress

and anxiety with central vestibular compensation (Saman et al.,

2012), cognitive relaxation exercises such as deep diaphragmatic

breathing, progressive muscle relaxation, and guided imagery

(Toussaint et al., 2021) can target stress and anxiety levels. This may

then reduce dizziness perception in participants with functional

dizziness. The patients were taught deep diaphragmatic breathing

and progressive muscle relaxation in all three sessions. They

were expected to perform both cognitive relaxation exercises as a

warmup, leading on to the actual vestibular rehabilitation protocol

and ending off with the same relaxation exercises as a cooldown.

The patients were taught how to perform deep breathing

through the nose for 4 sec and release the air through the mouth

for another 4 sec. They were also asked to close their eyes during

the exercise to minimize any sensory distraction and perform deep

breathing for 10–15 cycles, three times daily.

Progressive muscle relaxation was paired with deep breathing,

where patients were asked to extend both arms in a seated position

and progressively clench their fist and forearm muscles, right

up to shrugging of their shoulders when they breathed in. The

patients relaxed all forearm muscles when they breathed out to

release muscle tension. These two validated CBT techniques were

carried out by a vestibular audiologist with good conceptual and

procedural knowledge of vestibular disorders and who was trained

by a psychologist in CBT.

2.3 Vestibular rehabilitation

The fundamental concept of vestibular rehabilitation comprises

gaze adaptation, habituation, and substitution. Gaze adaptation

consists of a series of repeated head movements while focusing on

a target to help with vestibular ocular reflex (VOR) compensation

and oscillopsia after a unilateral vestibular hypofunction (Schubert

et al., 2008). This may be enhanced with dual tasking as there is

evidence to suggest that participants with vestibular hypofunction

also often complain about cognitive problems. Since there are

bi-directional neuronal projections between vestibular and cortical

areas, top-down cognitive inputs are also important in vestibular

compensation (Danneels et al., 2020). We outline the protocol

below which is adapted from an established evidenced-based

approach (Gans, 2010).

2.3.1 Target tracking and head rotations
Participants were instructed to find a comfortable position on

a sofa or chair at home. They were asked to locate three targets in

their room at eye level. One should be over the left shoulder, one

in front, and one over the right shoulder. Next, the participants

moved their heads looking at the left target, then the center before

moving to the right. They repeated this 10–15 times, turning their

head without stopping before repeating it another 10–15 times

but stopping at each target briefly for 2 s. All participants were

instructed to perform this task three times daily for a duration of

about 20min each time based on evidence-based updated vestibular

rehabilitation guidelines (Hall et al., 2022). An example of the

instruction is shown in Figure 1.

Next, the participants began moving their heads in a circular

motion starting clockwise from their own perspective and with

their eyes open. They will then repeat the motion with their eyes

closed and repeat the exercise in the counterclockwise direction.

The participants were asked to perform this circular motion in both

directions for a total of 15–20 times, three times daily, as shown in

Figure 2.

2.3.2 Gaze adaption: part one
In a seated position, participants were asked first to focus on

their fingers while turning their heads side to side at 60 beats per

second. A free metronome service found on the Internet was used

to guide the speed of head movements. After this, participants were

given a cognitive task and were asked to perform the exercise in a

dual-tasking paradigm. This was to be repeated 15–20 times, three

times daily. Refer to Figure 3 for an example.

2.3.3 Gaze adaptation: part two
Participants progressed from VOR X1 at 60 beats per second

(1Hz) to VOR X2 at 120 beats per second (2Hz) while seated. They

were also instructed on VOR X2 with target moving in anti-phase

(opposite direction) of head movements at 1Hz. Participants then

progressed from a seated position to standing upright, to standing

on a dynamic foam surface and walking.

2.3.4 Sensory integration with gait
As participants with PPPD require grounding and sensory

integration for reassurance due to their exaggerated belief of a

loss of postural control, we utilized Peter Levine’s framework

for somatic therapy (Payne et al., 2015). The participants were

taught interoceptive self-holding techniques that originated from

treating participants with post-traumatic stress disorders. They

were asked to place one hand under the opposite arm and then

place the other hand over the upper part of the other arm

as if they were giving themselves a hug. While self-hugging,

participants were asked to walk while keeping themselves centered
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FIGURE 1

Target tracking with head movements.

FIGURE 2

Head rotations eyes open and closed.

with deep breathing techniques. Participants could also modify

such techniques with both hands firmly on their hips or on top of

their heads, compressing the vertex while walking. There is recent

evidence to suggest that sensory integration helps participants

with balance dysfunction especially when integrated with dynamic

posturography training and assessment (Gonzalez Eslait et al.,

2023).

2.3.5 Ankle, circle sway, and ball circles
With wall support, the participants were asked to stand with

their feet shoulder distance apart, with equal weight on both

feet and their arms relaxed at their sides. They looked straight

ahead, closed their eyes, and slowly shifted their weight forward

and backward without bending their hips. As all movements

were at the ankle, this helped to train limits of stability and

is a form of habituation without visual inputs. This swaying

was then extended to a circular motion by swaying forward, to

the right side, to the rear, and then to the left and forward

again in a circle sway. Lastly, an object such as a lightweight

ball was used to make large circular movements by lifting

the ball high overhead and low to the ground, bending their

knees to touch the ground with the ball. The participants

were asked to always keep their eyes on the ball and move
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FIGURE 3

Vestibular ocular reflex X1 and X2.

FIGURE 4

Ankle, circle sway.

smoothly and continuously. This helped to train VOR suppression

(Figures 4, 5).

All participants went through cognitive restructuring,

relaxation, and vestibular rehabilitation exercises including target

tracking, head rotations, and gaze adaptation part one. They

returned after 2 months with progression to gaze adaptation part

two and sensory integration with gait. At the 4th month mark,

participants were taught habituation exercises including ankle,

circle sway, and ball circles. DHI was administered at baseline and

at 6 months during the final follow-up review.

2.4 Statistical analyses

Exploratory data analyses were performed with SPSS version

29.0.1.0, IBM and non-parametric tests were used. Multivariate

analysis and the Wilcoxon-signed ranked test for related samples

were conducted.

3 Results

A total of 48 participants were recruited for this study, with

a median age of 56 and an age range between 28 and 85 years

old. Of the 48 participants, 13 had at most a mild degree of

dizziness handicap when recorded at baseline and hence were

not included in the analyses. Of the remaining 35 participants,

13 fulfilled the strict PPPD diagnostic criteria as defined by

the Barany Society (Staab et al., 2017), while 22 had atypical

symptoms of PPPD. Of the 22 non-PPPD patients, they were

further categorized by their dizziness sub-type, namely non-

specific dizziness or spontaneous episodic vestibular syndrome.
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FIGURE 5

Ball circles.

TABLE 1 Demographic and clinical characteristics.

Age range (Median) N = 13 PPPD
36–75 (59)

N = 13(spontaneous Episodic Vestibular)

38–75 (56)

N = 9(non-specific Dizziness)
32–78 (54)

Gender (Female: Male) 9:4 8:5 7:2

Ethnicity Eight Chinese, two Indians,

three Malays

Nine Chinese, two Malays, two Indians Seven Chinese, two other races

Precipitating factors • Vestibular neuronitis (8)

• BPPV (5)

• Inner ear hydrops (4)

• Migraine variant (9)

Non-specific giddiness (9)

Hence, we analyzed the results among the three groups by

examining the precipitating factors in the PPPD, spontaneous

episodic vestibular syndrome, and non-specific dizziness groups

and comparing their DHI scores. The demographic and clinical

characteristics of all participants are shown in Table 1. The majority

(62%) of the PPPD participants had a previously identified

unilateral vestibulopathy as the underlying precipitating factor

while 38% had a history of BPPV. Nine patients had non-

specific giddiness while in the spontaneous episodic vestibular

group, 70% (9/13) had a vestibular migraine variant, and

30% (4/13) had inner ear hydrops. There were no significant

differences in the median age among all three groups and there

were consistently more females compared to males in each

group, respectively.

3.1 Proportion of DHI severity reduction

Of the 13 participants in the PPPD group, eight had a reduction

in one category of severity in the DHI, four participants each from

a Severe to Moderate Handicap and from a Moderate to Mild

Handicap degree, respectively. Five participants had a reduction

in two categories of severity in the DHI, with four participants

going from a Severe to Mild Handicap degree and one participant

from a Moderate to less than Mild Handicap. All 13 participants

(100%) achieved the primary end objective of a reduction in at least

one category of severity in the DHI post-intervention at 6 months.

In the spontaneous episodic vestibular syndrome group, only 5 of

13 participants (38.5%) achieved a reduction in one category of

severity in the DHI. The rest of the participants (8/13) had dizziness

handicap status quo post-intervention. Lastly, in the non-specific

dizziness group, six of nine participants (66.7%) had a reduction in

at least one category of severity in the DHI. The results are further

elucidated in Table 2.

3.2 Dizziness handicap index total

Adjusted for baseline DHI scores, multivariate analyses

suggested no significant difference in the DHI total scores post-

intervention between the non-specific dizziness group and the

participants with PPPD.However, there were significant differences

between the participants with spontaneous episodic vestibular

syndrome and the other two groups (p < 0.001). On average,

the participants with episodic vestibular syndrome had 10 and

11 points higher post-intervention DHI total scores as compared

to the non-specific dizziness and PPPD groups, respectively (p

< 0.001) (Table 3). Clinically, this is also significant as it could
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TABLE 2 Proportion of participants with a reduction in at least one category of DHI severity.

Reduction in severity of DHI PPPD Spontaneous episodic
vestibular syndrome

Non-specific dizziness

Severe to moderate degree 4 4 2

Moderate to mild degree 4 1 1

Severe to mild degree 4 0 0

Moderate to less than mild degree 1 0 3

In status quo moderate degree 0 5 3

In status quo severe degree 0 3 0

Total (Severity reduction in 1 category of DHI) 8 5 3

Total (Severity reduction in 2 categories of DHI) 5 0 3

Total (DHI status quo) 0 8 3

Total (n) 13 13 9

TABLE 3 Multivariate analyses estimates with pair-wise comparisons.

Median scores 0 (PPPD) N = 13 non-PPPD N = 22

Pre-intervention 1 (Episodic spontaneous
vestibular syndrome) N = 13

2 (Non-specific dizziness) N =

9

DHI total 54 58 38

DHI emotional 22 20 16

DHI functional 16 22 8

DHI physical 18 20 14

Post-intervention

DHI total 32 44 28

DHI emotional 10 10 8

DHI functional 10 18 8

DHI physical 10 16 10

Mean di�erence 0 vs. 1 1 vs. 2 0 vs. 2

DHI total (95%CI) −11.1 (-15.2,−7.0) 10.3 (5.5, 15.1) −0.8 (- 5.5, 3.8)

P < 0.001∗ P < 0.001∗ P = 0.72

DHI emotional −1.5 (-3.0, 0.1) 1.5 (-0.3, 3.3) 0.01 (-1.7, 1.8)

P = 0.06 P = 0.10 P = 0.99

DHI functional −4.0 (-6.3,−1.6) 3.8 (1.1, 6.5) −0.1 (-2.7, 2.5)

P = 0.00∗ P = 0.00∗ P = 0.93

DHI physical −5.7 (-7.8,−3.6) 5.0 (2.6, 7.3) −0.7 (-3.0, 1.6)

P < 0.001∗ P < 0.001∗ P = 0.54

∗Significant p levels.

represent a reduction in one category of severity in the DHI, for

example, from severe to moderate or from moderate to mild.

3.3 Dizziness handicap index sub-domains

3.3.1 Emotional scores
The post-intervention emotional scores for all groups were

generally not significantly different from each other. However,

the slight significance observed (p = 0.06) between the PPPD

group and the participants with spontaneous episodic vestibular

syndrome suggested a 1.5 points lower score in the PPPD group.

This was not clinically significant. Hence, in all three groups, the

post-intervention emotional DHI scores were quite similar.

3.3.2 Functional scores
The functional scores were significantly different with an

average of four points difference between the PPPD group and the

participants with spontaneous episodic vestibular syndrome. The
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FIGURE 6

Comparison of DHI scores amongst three dizziness groups.

findings were also similar when we compared the group with non-

specific dizziness to the participants with spontaneous episodic

vestibular syndrome.

3.3.3 Physical scores
Lower scores by an average of five to six points were observed

post-intervention in the PPPD and non-specific dizziness groups

as compared to the participants with episodic vestibular syndrome.

This was statistically significant. A summary of the DHI scores

compared among the three groups can be seen in Figure 6.

4 Discussion

All the participants in the PPPD group and ∼67% of the

participants in the non-specific dizziness group achieved a

reduction in at least one severity category in the DHI. When

organic precipitating vestibular factors were well identified in

the PPPD group and no longer active or acute, the combined

psychologically informed hybrid vestibular rehabilitation

intervention appeared to be effective in treating all 13 participants

with PPPD. We see an overall average of 10 to 11 points lower DHI

total scores and between 4 and 6 points lower DHI physical and

functional scores, at 6 months follow-up in the PPPD group as

compared to the participants with spontaneous episodic vestibular

syndrome. The emotional DHI subdomain scores were reduced

in all three groups which suggests that the significantly higher

DHI total scores in the episodic group were likely due to higher

functional and physical handicap. This is not unreasonable as

participants may fluctuate between the interictal and active phases

of their episodic condition and, at their 6 month follow-up, may

have had vertigo attacks in between resulting in higher physical

and functional handicaps. Hence, despite vestibular rehabilitation,

participants will be decompensated whenever there’s an active

attack. However, the psychological reaction can still be attenuated

as evidenced by the reduction of emotional scores in all three

groups. This suggests the effects of psychoeducation and dizziness

counseling regardless of precipitating clinical diagnoses or even

when one does not fulfill the typical criteria for PPPD as in the

non-specific dizziness group.

There were also no significant differences observed between

the PPPD and non-specific dizziness groups in all DHI domains

and total score post-intervention. This suggests that although

PPPD criteria may not be strictly fulfilled in the non-specific

dizziness group, the current diagnostic criteria may not be granular

enough to identify the atypical cases and sub-types of PPPD. As

clinical diagnoses such as PPPD, including vestibular migraine

and Meniere’s Disease, are not guided by any objective laboratory

investigations but by symptomology phenotypes and clinical

history, there may be variants that are not well identified yet to

capture all sub-types.

Hybrid dizziness counseling with vestibular rehabilitation

works best when underlying precipitating factors are mostly

resolved. When recurrent, as in the case of episodic vestibular

syndrome, DHI scores will fluctuate overall and hence intervention

will be less effective. Achieving good control of vertigo is key

for the rehabilitation of patients in this group. Nevertheless,

psychoeducation, cognitive restructuring, and relaxation can help

to improve mood, reduce cognitive biases, and reduce DHI

overall handicap scores, especially in the emotional subdomain. As

emotions are linked to vestibular compensation, we believe that de-

stressing and improving anxiety and mood through empowerment

with a combination of education and vestibular exercises can help

with reducing dizziness perception. However, the limitations of

this study include a small sample size that has to be further

validated in future studies. Furthermore, such a hybrid technique

may not be transferrable to different demographics, including
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the pediatric population or when cultural differences apply and

language becomes a barrier for counseling. Prospective studies in

the future should also include a control group to better elucidate

the effects of hybrid CBT and VRT.
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