


Objectives

To address the numerous patient and logistical difficulties

encountered in the management of BPPV, a three-part

study was conducted. First, a completely novel device to

assist patients in the treatment of BPPV at home was

developed. Second, we aimed to prospectively determine if

the use of this device had any real effect on the

performance of the PRM. Third and finally, the real-world

efficacy of this device was examined prospectively in

patients with active BPPV. The results of this third part

will be published separately.

Materials and Methods

Basic Science: Design of a New Device

The DizzyFix device is a working and heavily modified

visual representation of both the left and right posterior

semicircular canals. It is based on the canalith theory of

BPPV and is designed to guide a patient or assistant in the

performance of the PRM. In essence, it is an analogue of

the PRM, not a true representation of the semicircular

canals.

In 1992, Epley described a five-step manoeuvre

designed to reposition dislodged otoconia from the

ampullated end of the posterior semicircular canal back

into the utricle.15 In our institution, this series of positions

has come to be known as the PRM and consists of the steps

listed in Table 1.

This series of positions is relatively simple but not

intuitive. The newly designed visual analogue device

mimics the actions of any loose otoconia in the posterior

semicircular canal. The device consists of a petroleum

distillate–filled acrylic tube containing a polyvinyl bead. A

modified visual representation of the posterior semicir-

cular canal was created by shaping the tube into an

anatomic conformation. A clip was added that enabled the

device to be worn on the brim of a hat (Figure 2).

This visual analogue of the posterior semicircular canal

is able to provide real-time, accurate, intuitive feedback

about the state of the patient’s own vestibular apparatus

and the relative location of the offending otoconia. This is

accomplished by having patients watch the bead located

within the tube.

Owing to the shape and properties of the tube and

fluid, the bead moves only in positions that stimulate the

posterior canal. The bead moves at a similar speed and for

a comparable duration to the patient’s own otoconia. In

Table 1. Particle Repositioning Manoeuvre

1. Patient sitting position

2. Ipsilateral head-hanging position (20u extension, 45u
ipsilateral rotation)

3. Contralateral head-hanging position (20u extension, 45u
contralateral rotation)

4. Contralateral floor-facing position (135u contralateral

rotation)

5. Perpendicular patient-sitting position

Figure 2. Attachment of the DizzyFix
device.
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this fashion, patients watch the bead in front of them and

guide it through the entire length of the tube. The action of

moving the bead from one end to the other necessitates

that the patient simultaneously moves through the correct

positions of the PRM.

To create an intuitive and accurate design, a number of

aspects had to be carefully considered. The viscosity and

flow dynamics of the labyrinth had to be examined. A

previously published mathematical and biomechanical

model of the vestibular apparatus was consulted to

determine the required biometric parameters.23–25

Clinical aspects such as latency of onset, patient anxiety,

and safety also had to be considered. The device was

designed such that only by performing a manoeuvre

essentially similar to Epley’s would it register success.

Simply creating an anatomic representation of the poster-

ior semicircular canal would not accomplish these goals

and would at best be unilateral. Finally, the overall design

had to be both simple and able to perform its function

regardless of the side of the disease.

In Figure 3, arms A and E of the device hang below eye

level and are equal in length to reflect the mirror imagery of

the human labyrinth. The required length of these arms

varies upon the viscosity, density, and diameter of the fluid,

particle, and tube, respectively. Latency of onset is a well-

recognized characteristic of BPPV and may last more than 5

to 10 seconds.26 It is important that the progress of the bead

in the device reflects the current state of the patient’s

otoconia and does not move forward without patient input.

Arm A represents the movement of otoconia from the

ampullated end to the apex of the posterior canal. Arms B, C,

and D function during the roll from the ipsilateral to the

contralateral sides; hence, B and D are oriented 45u from

each other. During this portion of the manoeuvre, any

otoconia would be cresting the apex of the posterior canal.

The curve from D to E is essential to force the patient to roll

onto the appropriate shoulder. This manoeuvre ensures that

otoconia located in the canal do not fall back into the

ampullated end. The final arm, E, represents the fall of the

otoconia from the canal back into the utricle. It is important

to note that this device can be used for either ear by moving

the bead from left to right for the BPPV in the left ear or

from right to left for BPPV in the right ear. Each numbered

point in Figure 3 represents the corresponding Epley

position and the location of the bead during that position

as indicated in Table 1.

This design allows for the manoeuvre to be conducted in

either direction. Again, the crucial point regarding this

design is that it is impossible to succeed without performing

the required steps. This device provides relevant and real-

time feedback to both patients and physicians.

Clinical Study

This initial study examined the effect of the repositioning

device on healthy volunteers. This portion aimed to

determine whether volunteers performed the PRM better

with the device than without.

Ethics approval was obtained from the Lawson Health

Research Institute’s Clinical Research Impact Committee

(certificate number R-05-409).

This study was conducted as a prospective, rando-

mized, blinded, placebo-controlled, crossover trial. The

required sample size was calculated for normative para-

metric data and found to be 48. A small to medium Cohen

Figure 3. Rendered model of the DizzyFix design.
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effect size was used in this calculation; hence, any medium

difference in the primary end point between the groups is

statistically demonstrable.

Fifty healthy volunteers were recruited to participate.

For inclusion, subjects had to be between the ages of 18

and 75 years and free of any history of dizziness or vertigo.

Patients who were non-English speaking or had a

significant physical disability were excluded.

Informed consent was then obtained, and the group of

volunteers was randomized into placebo and test groups.

Both groups then read a brochure that detailed the right-

sided performance of the PRM (Table 2). Both groups then

watched the investigators perform the PRM. They were then

physically guided through the manoeuvre once. Those in the

placebo group were given a nonfunctional placebo device

and asked to ignore it. This placebo device was important for

blinding the observers who would later score the partici-

pants. Those in the test group were given a working device.

Both groups were then asked to perform the manoeuvre to

the best of their ability using the device and instructions they

had been given. They were scored and timed by two blinded

observers. One point was awarded for each essential element

of the manoeuvre (Table 3). Patients in the ‘‘test’’ group

were also instructed to attempt to get the bead from one end

of the tube to the other. This repositioning score was used as

the primary end point.

All participants were then recalled 1 week later.

Participants again donned a hat with the appropriately

attached ‘‘placebo’’ device or ‘‘test’’ device, depending on

their previous randomization. They were again asked to

perform the manoeuvre. They were scored and timed by

two blinded observers once more. A crossover arm was

then conducted by asking participants in the ‘‘placebo’’

group to don a functional repositioning device and repeat

the manoeuvre. At that time, they were given the

additional instruction ‘‘Attempt to manoeuvre the bead

from one end to the other end of the device.’’ They were

again scored and timed by two blinded observers. An

overview of the study design is seen in Figure 4.

Results

Fifty-four healthy volunteers were recruited into phase I.

Fifty successfully completed the training and evaluation at

both the initial encounter and the 1-week follow-up. Four

were lost to follow-up and not included in the study. No

adverse effects of the procedure were reported. All data

were analyzed using XL-Stat Pro5.1 software (AddinSoft,

New York, NY).

The age and gender of the phase I population are

detailed in Table 4. No statistical difference was found

between the two groups (p 5 .8).

The duration and relative speed of the PRM are of

suspected significance to the overall success rate. Most

authors now suggest that the duration should be greater

than 1 minute, although the original description was

shorter. Volunteers who received placebo randomization

consistently performed the manoeuvre faster (p 5 .012)

than those who had a functional test device during the first

visit (Table 5). At the second week follow-up appointment,

the average placebo participant performed the manoeuvre

in only 42 seconds. This was much faster than the test

group, which averaged 77 seconds (p 5 .0001). Finally,

when the placebo group was given a functional device,

with only a single additional instruction, they conducted

the manoeuvre as slowly (78 seconds) as the test group

Table 2. Particle Repositioning Manoeuvre Instructions

N Position yourself lengthwise on a bed or examination table in a SITTING position with your feet on the bed. Find a spot such that if you

were to lie down on your back, your head would just hang over the end. Remain SITTING. Hold for 30 seconds.

N Lie flat on your back and allow your head to hang over the end (about 120u from the vertical) and turn your head to the right side (45u).

Hold for 30 seconds.

N Keep your head back and turn it toward the left side (45u). Hold for 30 seconds.

N Continue to roll your head and body toward the left until you are lying on your side and your nose is pointing toward the floor (45u).

Hold for 30 seconds.

N Sit up sideways. When you end, you should be sitting over the side of your bed so your feet touch the floor. Hold for 30 seconds.

Table 3. Particle Repositioning Manoeuvre Scorecard (1 point

each)

N Begins in a sitting position

N Lies flat

N Turns head . 45u
N Extends neck to greater than 120u
N Holds position for . 10 s

N Turns to opposite side . 45u
N Keeps neck extended during turn

N Holds for 10 s

N Rolls and looks toward ground (45u below horizontal)

N Holds position for . 10 s

N Sits up
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