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Abstract
Background  Benign Paroxysmal Positional Vertigo (BPPV) is a common vestibular disorder caused by displaced otolith 
debris in the inner ear. This study explored the order effect related to the sequence of performing different diagnostic posi-
tional maneuvers.
Methods  3D simulations of the Supine Roll Test (SRT), Dix-Hallpike maneuver (DHM), and Deep head hanging tests, 
performed in the standardized prescribed way, were used to study various types of horizontal, posterior, and anterior canal 
BPPV. The simulations allowed visualization of the movement of the otolith debris and the resulting nystagmus patterns. 
The results of the sequence of tests and the starting side of the tests (from left or right) were observed.
Results  Simulations of the SRT on horizontal canal BPPV (hc-BPPV) showed different patterns of nystagmus: direction 
changing, direction fixed, and unilateral (only elicited in one position) nystagmus. These patterns depended on the position 
of the debris within the horizontal canal and the side from which the SRT began. Simulations of the DHM showed that the 
test procedure could displace debris in the horizontal canal. The SRT, however, caused no movement of debris in the vertical 
canals. The deep head hanging test could displace debris in all canals.
Conclusion  An order effect can occur when performing diagnostic maneuvers for BPPV. The maneuvers can displace 
debris in the semicircular canals into new positions that may influence the findings in subsequent maneuvers and confound 
interpretation. A standardized testing protocol, starting with the SRT first, can decrease the order effect and simplify the 
interpretation of test results and in turn improve diagnostic accuracy and outcomes in the management of BPPV.

Keywords  BPPV · Supine Roll Test · Maneuvers · Dix Hallpike · Simulations

Introduction

Benign Paroxysmal Positional Vertigo (BPPV) is a common 
condition caused by the displacement of otolith debris from 
the utricle into the semicircular canals [1]. The movement 
of otolith debris within the canal causes recurrent episodes 
of vertigo with a change of head position. The diagnosis of 
BPPV depends on identifying the affected canal based on the 
pattern of nystagmus elicited on positional tests [2].

Diagnostic positional tests work on the premise of mov-
ing the head in spatial planes aligning with the plane of 
the tested canal. Thus, it is assumed that the Supine Roll 
test (SRT) works in the plane of both horizontal canals, Dix 
Hallpike maneuver (DHM) in the plane of the ipsilateral 
posterior and contralateral anterior canal, and the deep head 
hanging test in the summed plane of the vertical canals [3, 
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4]. Movement of the displaced debris within the canal under 
the influence of gravity will generate nystagmus. This nys-
tagmus corresponds with the stimulated canal [5]. Careful 
clinical observation and analysis of the beating direction (i.e. 
rotation axis) of this nystagmus induced in the provocative 
position allows one to deduce which canal is being stimu-
lated [6, 7].

The characteristic patterns of nystagmus elicited on these 
positional tests provide clues to the affected canal, the posi-
tion of the debris within the canal, and whether the debris is 
free-floating within the canal (canalithiasis) or adherent to 
the cupula (cupulolithiasis). In the case of BPPV involving 
multiple canals and multiple locations of the debris in one 
canal, the pattern of nystagmus can be a complex sum of all 
the individual responses and elude interpretation. Further-
more, differences in the density between the endolymph and 
cupula can also lead to positional vertigo and nystagmus, 
however these findings differ from BPPV of the canalithi-
asis type [8].

BPPV is often equated with the long arm canalithiasis 
type of posterior canal BPPV and treated with Epley’s or 
Semont’s maneuver [9–13]. However, various studies have 
reported a higher incidence of horizontal canal BPPV than 
previously published [14–17]. Currently, there is no stand-
ardized guideline regarding the sequence of performing 
these diagnostic tests for BPPV. Based on the current under-
standing that posterior canal BPPV is more prevalent, the 
Dix Hallpike test is usually performed first for any suspected 
BPPV case [18].

In this study, simulations were used to infer the move-
ments of the otolith debris in BPPV in various types of 
canalithiasis affecting the posterior, horizontal and ante-
rior canals. It was hypothesized that the order in which the 
sequence of diagnostic tests, and the side on which tests 
were first performed, can lead to different patterns of nystag-
mus in the same head position even though the initial posi-
tion of the otolith debris in the offending canal is the same.

Methods

Development of the simulation model

The simulation model was previously described [19]. Simula-
tions of the inner ear were based on a 3D model constructed 
from DICOM files of the temporal bone, representing the ori-
entation and angles of the canals based on previous studies [19]. 
The simulations were developed with Unity 3D software and 
a humanoid figure was animated within Autodesk Maya with 
the head closely linked to the semicircular canals to mimic head 
movements. Otolith debris, represented as a sphere, was intro-
duced into the canals through a slender tube [19]. To simulate 
nystagmus resulting from canal stimulation, the semicircular 

canals were connected with their respective ocular motor mus-
cles. Ewald's first law [20] was simulated to ensure an accurate 
representation of the direction of simulated responses. The 
intensity of nystagmus in the simulation was derived from the 
distance the debris moved under gravity. Theoretically, many 
factors can affect the velocity of debris movement, such as size 
and number of debris, viscosity of endolymph, anatomical vari-
ations of the canal, etc. To simplify this issue, some assump-
tions were included in this model [6]. The otolith debris was 
considered as a single sphere, and anatomy was standardized. 
Here, we only considered BPPV of the canalithiasis type in 
which the otolith debris moved under the effect of gravity.

Simulations of diagnostic maneuvers

The simulation model was used to perform diagnostic posi-
tional tests for BPPV and evaluate the resulting nystag-
mus. The Supine Roll Test (SRT), Dix-Hallpike Maneuver 
(DHM), and Deep Head Hanging test were simulated.

The SRT included the following steps:

a)	 The patient was moved to the supine position with the 
head inclined forward at an angle of 30° (clinically usu-
ally done by placing a pillow under the head).

b)	 The head was turned 90° to the right side and held in this 
position for 30 s or until the nystagmus subsided.

c)	 The head was turned back to the central position and 
held for 30 s.

d)	 The head was then turned 90° to the left side and held 
for 30 s or until the nystagmus subsided.

e)	 The head was turned back to the center position, and 
then the patient was brought to an upright position.

Simulation of the Dix-Hallpike maneuver (DHM) was 
performed following the steps below:

a)	 The patient sat upright, facing forward with legs 
stretched out.

b)	 The head was turned by 45o to the right.
c)	 The patient was brought to the head hanging position 

with the head 30o below the horizontal. This position 
was held for 30 s.

d)	 The patient was brought back to the sitting position, and 
the head turned to the midline.

Simulation of the Deep Head Hanging test was per-
formed following the steps below:

a)	 The patient sat upright, facing forward with legs 
stretched out.

b)	 The patient was brought to the head hanging position 
with the head 30o below the horizontal.
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c)	 The patient was brought back to the upright sitting posi-
tion, facing forward with legs stretched out.

Investigating the order effect when performing 
diagnostic tests for BPPV

The movement of otolith debris and the resulting nystag-
mus were observed when performing simulations of differ-
ent BPPV scenarios. Scenarios differed regarding:

–	 First diagnostic maneuver performed: DHM, SRT, or 
Deep Head Hanging test

–	 Side of first diagnostic maneuver performed: Right or Left
–	 Location of the otolith debris:

a)right or left ear
b)posterior, horizontal or anterior canal
c)ampullary arm versus non-ampullary arm BPPV (in 
case of horizontal canal BPPV, see Figure 1)

Results

Simulations of different BPPV scenarios

Effect of the Dix‑Hallpike maneuver in horizontal canal 
BPPV

Simulations of the DHM in horizontal canal BPPV dem-
onstrated that the DHM can displace otolith debris that is 

located in the ampullary arm of the ipsilateral horizontal 
canal (Simulations 1–4), generating horizontal nystagmus.

o	 Simulation 1  (https://​vimeo.​com/​86260​7999/​b7db8​
6eecc): Dix-Hallpike right in right horizontal canal 
BPPV (ampullary arm)

If the debris is in the ampullary arm of the right 
horizontal canal, performing the right DHM will cause 
the debris to move from the ampullary arm to the non-
ampullary arm, resulting in a left beating (apogeotropic) 
nystagmus.

o	 Simulation 2  (https://​vimeo.​com/​86262​3623/​b20e7​
0fd2b): Dix-Hallpike right in right horizontal canal 
BPPV (non-ampullary arm)

When the debris is in the non-ampullary arm of the 
right horizontal canal, the right DHM will not induce any 
nystagmus as the debris does not move.

o	 Simulation 3  (https://​vimeo.​com/​86262​3665/​dbe00​
9d669): Dix-Hallpike right in left horizontal canal 
BPPV (ampullary arm)

In the case of left horizontal canal BPPV, if the debris 
is in the ampullary arm, performing the right DHM will 
not cause any movement of debris, and therefore, no nys-
tagmus will be observed.

o	 Simulation 4  (https://​vimeo.​com/​86262​3693/​68640​
a1d78): Dix-Hallpike right in left horizontal canal 
BPPV (non-ampullary arm)

If the debris is present in the non-ampullary arm of 
the left horizontal canal, the right DHM will displace the 
debris farther away from the ampullary arm, producing a 
right-beating (apogeotropic) nystagmus.

Effect of starting with the SRT in posterior and anterior 
canal BPPV

Simulations of the SRT in posterior and anterior canal 
BPPV showed that the position of otolith debris within the 
affected canal showed little movement before and after the 
SRT (Simulations 5 and 6).

o	 Simulation 5  (https://​vimeo.​com/​86262​3714/​e0c66​
dad38): SRT in posterior canal BPPV right

When the patient is taken from sitting to supine position, 
there is some movement of the debris resulting in torsional 

Fig. 1   Depiction of ampullary and non-ampullary arms of horizon-
tal canal. Otolith debris can be located at either of these locations in 
horizontal canal BPPV

https://www.vimeo.com/862607999/b7db86eecc
https://www.vimeo.com/862607999/b7db86eecc
https://www.vimeo.com/862623623/b20e70fd2b
https://www.vimeo.com/862623623/b20e70fd2b
https://www.vimeo.com/862623665/dbe009d669
https://www.vimeo.com/862623665/dbe009d669
https://www.vimeo.com/862623693/68640a1d78
https://www.vimeo.com/862623693/68640a1d78
https://www.vimeo.com/862623714/e0c66dad38
https://www.vimeo.com/862623714/e0c66dad38
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upbeat nystagmus. However, when the patient's head is 
turned to the right, the SRT does not induce any debris 
movement or nystagmus. Similarly, there is no movement 
of the debris when turning the head to the left.

o	 Simulation 6  (https://​vimeo.​com/​86262​3739/​c0817​
d6850): SRT in anterior canal BPPV

Simulation 6 demonstrates that when the patient’s head 
is moved to the right, the debris in the right anterior canal 
moves away from the ampulla, resulting in a downbeat nys-
tagmus. However, when the patient's head is turned to the 
opposite side (left), the debris returns to its original posi-
tion, resulting in an upbeat nystagmus. However, the final 
position of otolith debris before and after the SRT does not 
notably differ.

Effect of starting with the Deep Head Hanging test 
in horizontal and posterior canal BPPV

It was illustrated that the position of otolith debris within the 
affected canal showed little movement before and after the 
Deep Head Hanging test in horizontal canal BPPV (Simula-
tions 7), though upbeat nystagmus with torsion to the same 
side was elicited in pc-BPPV (Simulation 8).

o	 Simulation 7  (https://​vimeo.​com/​86262​3793/​98d3e​
a7ba3): Deep Head Hanging in horizontal canal BPPV

Little movement of the debris in the horizontal canal is 
observed.

o	 Simulation 8  (https://​vimeo.​com/​86262​3826/​185a4​
5d046): Deep Head Hanging in posterior canal BPPV

The Deep Head Hanging test moves the debris in the pos-
terior canal away from the ampulla, resulting in upbeat nys-
tagmus with torsion beating to the same side (right). When 
the patient is brought back to the sitting position, the debris 
falls back towards the ampulla resulting in reversal of the 
nystagmus. The final position of otolith debris before and 
after the Deep Head Hanging test does not notably differ.

Effect of starting with the SRT on horizontal canal BPPV 
findings

Simulations of the SRT in horizontal canal BPPV dem-
onstrated that the pattern of nystagmus is influenced by 
the side on which the SRT is started and the location of 
the otolith debris (ampullary or non-ampullary arm). The 
main findings included:

–	 Nystagmus does not always change direction in the 
SRT test, i.e., direction-fixed (e.g. Simulation 9)

–	 Nystagmus can be present in only one of the head posi-
tions in the SRT, since there is negligible movement of 
the debris on one side and more displacement on the 
other (Simulation 11)

–	 Nystagmus can be present in only one of the head posi-
tions (right, center, left) in the SRT, since the SRT 
actually resolved the BPPV. In other words, the diag-
nostic SRT acted as a therapeutic maneuver (Simula-
tion 12).

–	 Not stopping at the center, when moving the head from 
one side to the other during the SRT, can lead to direc-
tion-fixed or direction-changing nystagmus, depending 
on the initial location of the otolith debris (Simulations 
13).

These findings will be considered further in the 
Discussion.

o	 Simulation 9  (https://​vimeo.​com/​86262​3857/​9e4d9​
c2b82): SRT started by turning head to right, in right 
horizontal canal BPPV (ampullary arm)

As the patient's head is moved to the right, the otolith 
debris moves from the ampullary arm to the non-ampul-
lary arm of the horizontal canal. This movement induces 
left beating (apogeotropic) nystagmus. Subsequently, when 
the patient's head is moved to the center, the left beat nys-
tagmus continues. On turning to the left, the debris con-
tinues its displacement in the same direction towards the 
non-ampullary arm, resulting in left beating (geotropic) 
nystagmus. Therefore, a consistent and fixed direction of 
nystagmus is observed during both the right and left SRT, 
transitioning from apogeotropic to geotropic nystagmus, 
with the nystagmus beating towards the left.

o	 Simulation 10 (https://​vimeo.​com/​86262​3904/​7c136​
1d66f): SRT started by turning the head to the right, in 
the right horizontal canal BPPV (non-ampullary arm)

As the head of the patient is moved to the right, the 
otolith debris moves towards the ampulla, resulting in a 
(geotropic) nystagmus beating towards the right. Subse-
quently, when the patient's head is moved to the center the 
debris move away from the ampulla generating left beat 
nystagmus. On turning to the left, the debris moves farther 
away from the ampulla, generating a geotropic nystagmus 
beating towards the left. Therefore, in this scenario, a 
direction-changing nystagmus is observed.

https://www.vimeo.com/862623739/c0817d6850
https://www.vimeo.com/862623739/c0817d6850
https://www.vimeo.com/862623793/98d3ea7ba3
https://www.vimeo.com/862623793/98d3ea7ba3
https://www.vimeo.com/862623826/185a45d046
https://www.vimeo.com/862623826/185a45d046
https://www.vimeo.com/862623857/9e4d9c2b82
https://www.vimeo.com/862623857/9e4d9c2b82
https://www.vimeo.com/862623904/7c1361d66f
https://www.vimeo.com/862623904/7c1361d66f
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o	 Simulation 11 (https://​vimeo.​com/​86262​3941/​d6b99​
c9611): SRT started by turning head to left, in the right 
horizontal canal BPPV (ampullary arm)

When turning the head to the left, the otolith debris 
(already close to the ampulla) shows little movement in the 
direction of the cupula. On coming back to the center, again 
the debris is not displaced so no nystagmus is generated. 
On turning to the right, the debris moves from the ampul-
lary to the non-ampullary arm, generating left beating (apo-
geotropic) nystagmus. When the head is brought back to 
the center, the debris moves farther away from the ampulla 
generating left beating nystagmus. Thus, little right-beating 
or no nystagmus is observed when turning to the left, and 
left beating apogeotropic nystagmus is observed when turn-
ing to the right.

o	 Simulation 12 (https://​vimeo.​com/​86262​3970/​ec486​
0e2c0): SRT started by turning head to left, in right 
horizontal canal BPPV (non-ampullary arm)

When the head is turned to the left side, the otolith debris 
from the non-ampullary arm in the right horizontal canal 
moves out of the canal under the effect of gravity. Left beat-
ing (geotropic) nystagmus is observed. When turning the 
head back to the center and then to the right, no nystagmus 
is observed as the debris has already moved out of the canal.

o	 Simulation 13 (https://​vimeo.​com/​86262​4004/​6d2f2​
fce3b): SRT started by turning the head to the right and 
then going directly to the left in right horizontal canal 
BPPV (non-ampullary arm)

When turning the head to the right, the otolith debris 
moves towards the ampulla. This generates a right-beating 
(geotropic) nystagmus. When the head is turned directly 
to the left without stopping at the center, the debris moves 
farther away from the ampulla. This generates a stronger 
(geotropic) nystagmus, which is left beating.

The order effect when performing diagnostic 
maneuvers for BPPV

The simulations of different BPPV scenarios demonstrated 
that an order effect is present when performing diagnostic 

maneuvers for BPPV. This is presented in Table 1 for hori-
zontal canal BPPV. For otolith debris located in the same 
place (e.g. the ampullary arm of the horizontal canal), differ-
ent nystagmus patterns were obtained by varying the order 
of testing (e.g. first SRT to the right, or first SRT to the left).

This table demonstrates that if the SRT is started from the 
side affected in the horizontal canal BPPV (non-ampullary 
arm), direction changing nystagmus is seen. However, if the 
SRT is started from the healthy side in hc-BPPV in ampul-
lary or non-ampullary types, nystagmus on only one side 
(either the first position or the second position) may be seen. 
This would create a diagnostic dilemma about the involved 
side.

Additionally, when performing the Dix-Hallpike maneu-
ver as the first positional test, this can lead to horizontal 
nystagmus in some cases of horizontal canal BPPV (as 
described in Simulations 1 and 4). This may also lead to 
displacement of the otolith debris, confounding the results 
of further tests.

Discussion

This study demonstrated that an order effect can occur when 
performing diagnostic maneuvers for BPPV. The maneuvers 
can displace debris in the semicircular canals into new posi-
tions that may influence the findings in subsequent maneu-
vers. This can confound the interpretation of diagnostic 
test results. The implication of these findings will now be 
discussed.

Importance of testing horizontal canal BPPV

It has been a common practice to perform the Dix-Hallpike 
maneuver as the first positional test [18]. Frequently, the 
SRT is overlooked, resulting in clinicians only performing 
the DHM to detect BPPV [21]. If the SRT is not performed, 
hc-BPPV may not be detected. Thus Bhattacharyya et al., 
strongly advocated that SRT should be an essential part of 
evaluating BPPV [18]. Previous literature reported a much 
lower incidence of hc-BPPV [15]. This could be a reason 
why clinicians often avoid performing the SRT. However, 
recent publications [17, 22] reported a much higher inci-
dence of hc-BPPV than previously found. Various expla-
nations were given for this higher incidence. hc-BPPV 

Table 1   The order effect 
when performing diagnostic 
maneuvers for BPPV

Location of otoliths at start Order of testing Nystagmus in first test Nystagmus in second test

HC right ampullary arm SRT right—SRT left Left (apogeotropic) Left (geotropic)
HC right ampullary arm SRT left—SRT right No nystagmus Left (apogeotropic)
HC right non-ampullary arm SRT right—SRT left Right (geotropic) Left (geotropic)
HC right non-ampullary arm SRT left—SRT right Left (geotropic) No nystagmus

https://www.vimeo.com/862623941/d6b99c9611
https://www.vimeo.com/862623941/d6b99c9611
https://www.vimeo.com/862623970/ec4860e2c0
https://www.vimeo.com/862623970/ec4860e2c0
https://www.vimeo.com/862624004/6d2f2fce3b
https://www.vimeo.com/862624004/6d2f2fce3b
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naturally resolves faster, and only clinicians that test patients 
earlier will be able to detect these cases [18, 23, 24]. Carry-
ing out Video-oculography guided positional tests may also 
result in better detection of hc-BPPV [22].

Why the Supine Roll test should be the first 
positional test

In current literature, the displacement of debris in the hori-
zontal canal during the Dix-Hallpike maneuver (DHM) is 
rarely considered. The simulations showed that the Supine 
Roll test should actually be performed before the DHM, 
since the DHM can displace the debris in the horizontal 
canal (Simulation 1 and Simulation 4). Similar findings were 
also reported previously [25]. Nevertheless, Simulation 2 
and Simulation 3 showed that the DHM does not displace 
debris in non-ampullary hc-BPPV. Hence, no nystagmus is 
generated. This implies that the DHM can displace debris in 
the horizontal canal and generate horizontal nystagmus, but 
not in all types of hc-BPPV. Therefore, the DHM cannot be 
used as an absolute diagnostic positional test for hc-BPPV. 
The BPPV Viewer [25] also highlights that the DHM can 
displace otolith debris within the horizontal canal, resulting 
in horizontal nystagmus.

Several papers have described the SRT as elicited by hav-
ing the patient lie supine with the head pitched upward 30° 
to bring the horizontal canals into alignment with earth ver-
tical and then moving the head in yaw rotations leftward or 
rightward [26–30]. But in the real-life scenario, sometimes 
clinicians do not use a pillow. Simulation 14 and 15 have 
been included in the supplementary material to show that 
performing the SRT without the pillow does not bring the 
horizontal canal into the vertical position and consequently 
on going from sitting to supine, the debris can move farther 
down in the dependent position in the posterior and horizon-
tal canals. These findings require further clinical validation 
but do emphasize the importance of performing the posi-
tional maneuvers in the standardized, prescribed way with 
the head tilted up 30 degrees.

When a patient with posterior canal BPPV is taken from 
sitting to supine position, there is some movement of the 
debris resulting in torsional upbeat nystagmus. Simulation 
5 shows that SRT may cause some movement of the debris 
in posterior canal BPPV, but it does not shift the debris from 
their position in the long arm of the canal. This leads to the 
conclusion that performing the SRT first does not change 
the results of DHM.

Simulation 8 showed that the Deep Head Hanging test 
displaces debris in the posterior canal. It should, therefore, 
be performed after SRT and DHM. The head hanging posi-
tion potentially stimulates all six canals in which otolithic 
debris is present. As a result, it can elicit complex patterns 
of nystagmus. It is also advised to perform the deep head 

hanging test at a higher speed to differentiate from Central 
Positioning Nystagmus where nystagmus intensity increases 
with head rotation velocity [31]. In addition, because of the 
rapid fatigability of responses in canalithiasis, it might be 
difficult to reproduce individual canal responses with addi-
tional maneuvers [25]. In contrast to the DHM and Deep 
Head Hanging test, the correctly performed SRT does not 
displace debris in the posterior or anterior canals (Simula-
tion 5 and Simulation 6). Therefore, one might perform the 
SRT first.

Order effect of supine roll test

In current literature, the nystagmus findings observed with 
the Supine Roll test in hc-BPPV are mainly described as 
a direction-changing nystagmus. Geotropic nystagmus is 
found in canalithiasis, and apogeotropic nystagmus is found 
in cupulolithiasis or periampullary canalithiasis [7] The side 
with stronger geotropic nystagmus is considered to be the 
affected side in canalithiasis of the non-ampullary arm. The 
side with weaker apogeotropic nystagmus is considered to 
be the affected side in canalithiasis of the ampullary arm. 
To summarize, in both geotropic and apogeotropic hc-BPPV, 
in the head position generating the most intense nystagmus, 
nystagmus will beat towards the affected ear. This study 
showed that this ‘traditional’ concept is not always applica-
ble because of the order effect that occurs during positional 
testing (see Table 1). The simulations showed that by start-
ing the SRT from different sides – right or left- different 
nystagmus patterns were observed. Inadequate knowledge 
about this variability could lead to an incorrect diagnosis of 
the affected side. When nystagmus is observed on only one 
side (the healthy side), the clinician may erroneously label 
the healthy side as the affected one, as the nystagmus was 
observed only on the healthy side.

Furthermore, Simulation 9 explained how the transforma-
tion of ampullary arm hc-BPPV to non-ampullary hc-BPPV 
during the SRT can lead to ‘direction-fixed’ nystagmus. 
Direction-fixed nystagmus is different from direction-chang-
ing nystagmus, as hc-BPPV is mainly described in the litera-
ture (see above). This direction-fixed phenomenon was also 
previously described [10, 11, 25, 32].

The importance of equal stimulation on both sides 
during the Supine Roll test

Simulation 13 illustrated that it would be preferred to per-
form the SRT by turning the head to one side, bringing the 
head to the center, and then finally turning the head to the 
opposite side. In each step, wait until nystagmus subsides 
or reaches a low intensity. This ensures equally comparable 
stimulation on both sides.
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Turning the head to one side and then turning it to the 
other side without stopping in the midline, might compro-
mise interpretation. Simulation 13 showed that the nys-
tagmus on the left side (the healthy side) is stronger than 
on the affected right side. This could be explained by the 
difference in force applied and the excursion of the otolith 
debris. The difference in intensity may be due to the dif-
ference in excitation and inhibition of afferent nerve firing 
and/or to the fact that the mass has a different distance 
to move in the canal [26]. This could also be the reason 
of varying slow phase velocity (SPV) intensity in differ-
ent hc-BPPV sub-types. Therefore, it is recommended to 
perform the SRT by turning the head to one side, bringing 
the head to the center, waiting until nystagmus subsides or 
reaches a low intensity, and then finally turning the head 
to the opposite side.

Proposal for universal testing protocol for BPPV

The simulations in this study have interesting clinical 
implications. Based on the observations from the simula-
tions, we propose the following testing protocol for the 
diagnosis of BPPV:

1.	 Supine Roll Test Right (and turn head back to the mid-
line)

2.	 Supine Roll Test Left (and turn head back to the midline)
3.	 Dix Hallpike Right
4.	 Dix Hallpike Left
5.	 Deep Head Hanging

This protocol integrates insights gained from the simu-
lations and allows for a systematic assessment of differ-
ent types of BPPV, ensuring a thorough evaluation of all 
involved canals. Implementing a universal protocol for 
BPPV testing can streamline the diagnostic process by 
proposing a standardized order for testing. This enhances 
diagnostic accuracy and provides a system to ensure com-
parable results globally, taking into account the ‘order 
effect’. However, further randomized clinical trials are 
warranted to validate the proposed testing protocol and 
evaluate its effectiveness. Table 2 describes the nystag-
mus patterns that are expected in different horizontal canal 
BPPV positions by starting the SRT from the right side. 

This serves as a simple key to interpret the results of SRT 
and to reach a correct diagnosis.

Minimal stimulus strategy

Minimal Stimulus Strategy and Upright BPPV Protocol 
are diagnostic approaches to BPPV conducted in the sitting 
position slowly bending the patient's head along different 
spatial axes. [33]. The tests aim to move otoliths within the 
involved semicircular canal under the influence of gravity 
[4]. The tests are performed under continuous nystagmus 
monitoring by video-Frenzel goggles.

However, though expert centers may have video-Frenzel/
Video-oculography, most doctors do not have this special-
ized equipment. The protocol advises continuous nystagmus 
monitoring because given the minimal stimulation, the nys-
tagmus may be less intense and of shorter duration. Without 
monitoring with the goggles, it may be difficult to observe 
the nystagmus during all the positional tests like bow and 
lean. This is an important limitation. Therefore, using SRT is 
more appropriate as a standard protocol since the nystagmus 
would be visible to the clinician in all positions.

Limitations

This study was based on the orientation of the semicircu-
lar canals obtained from reconstructed CT images. We are 
aware that these simulations and the underlying physical 
model cannot precisely represent the in vivo movement of 
the otolith debris in the canals of each patient, because of 
variability amongst patients. Our simulations do not con-
sider the impact of different amounts, composition (otoconia 
and otolithic membrane), and sizes of debris in the canal, 
and the possibility that the debris can be located in different 
parts of the canal at the same time. Individual variations in 
the orientation of the bony and membranous labyrinths in 
the skull might also influence the results. Furthermore, our 
simulations were based on carefully controlled orientations 
of the head (and the lateral semicircular canals) which may 
not be the case in many examinations performed by medical 
providers. Only simulations of canalithiasis were demon-
strated, and cupulolithiasis was not included. The Upright 
BPPV Protocol [4] was not included in this study. This 
diagnostic strategy was beyond the scope of this study but 
should be considered in future work. Finally, we encourage 

Table 2   Nystagmus patterns found in horizontal canal BPPV, based on the proposed protocol

Test HC right ampullary arm HC right
non-ampullary arm

HC left ampullary arm HC left
non-ampullary arm

SRT Right Left (apogeotropic) Right (geotropic)—short No Nystagmus Right (geotropic)
SRT Left Left (geotropic) Left (geotropic) Right (Apogeotropic) No Nystagmus
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a clinical validation of our protocol, including its practicality 
in different clinical settings, e.g., for front-line providers in 
the emergency department versus neuro-otology specialists 
in the outpatient setting.

Conclusion

An order effect can occur when performing diagnostic 
maneuvers for BPPV. The maneuvers can displace debris in 
the semicircular canals into new positions, that may influ-
ence the findings in subsequent maneuvers. This could con-
found the interpretation of diagnostic test results. A stand-
ardized testing protocol, carefully controlling the orientation 
of the head, and starting with the Supine Roll Test first, can 
decrease the order effect and should facilitate better interpre-
tation of test results. This would result in a higher diagnostic 
accuracy and improve outcomes in BPPV management.
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