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Abstract

Background: A repeat of the seminal 1973 study on static positional nystagmus (PN) using more ac-
curate recording techniques.

Purpose: The purpose was to further characterize PN and, using current data, introduce new clinical
criteria for its identification.

Research Design: Static PN was recorded in ten positions with vision denied. Each position was an-

alyzed using age, gender, presence, direction, and persistence of nystagmus while taking into account

the number of beats and mean slow-phase velocity (SPV).

Study Sample: One hundred healthy patients who were asymptomatic with no known neurological dis-
orders were tested.

Intervention: No intervention was used.

Data Collection: Analysis of variance, descriptive statistics, and confidence intervals were used to de-

scribe results.

Results: Results showed 74% of normal participants had horizontal nystagmus in at least one position.

Only 7% of the observed nystagmus was persistent. The average SPV was 2�/sec. The mean number of
positions in which nystagmus was observed was three. Neither age nor gender influenced the occurrence

of nystagmus. Forty-three percent of the participants had vertical nystagmus in at least one position;
however, the SPV was 2�/sec or less.

Conclusions: The present study demonstrated that intermittent or persistent PN in four or fewer posi-
tions should not be considered pathological when the SPV is 4�/sec or less (n 5 100). Observance of

vertical nystagmus in one position should not be considered pathological if the SPV is 2�/sec or less.
Suggested positions for positional testing should include seated-upright, supine, head right, head left,

head-hanging, and the precaloric (30� supine) positions. Fixation when PN is observed is indicated.

Key Words: balance, electronystagmography, eye movements, nystagmus, positional nystagmus,

static, vestibular, videonystagmography

Abbreviations: ANOVA 5 analysis of variance; BPPV 5 benign paroxysmal positional vertigo; CNS 5
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INTRODUCTION

N
ystagmus that is observed after a person’s head

or body is placed in a static position is known as

positional nystagmus (PN). PN must be differ-

entiated from positioning nystagmus, which is typically

associated with benign paroxysmal positional vertigo

(BPPV) and is the result of moving the body and head

from one position to another. Differentiating positional

from positioning nystagmus is sometimes challenging

and the clinician must use careful patient history, re-

sults fromother clinical tests, and knowledge of vestibular

anatomy and disorders to aid in an accurate diagnosis

(Appiani et al, 2001; Cakir et al, 2006).

The positional subtest of the videonystagmography

(VNG) test battery identifies and records any eye move-

ments resulting from a patient’s head or head and body

being placed in several static positions. These static po-

sitions can include but are not limited to supine and su-

pine with only the head turned to the right or left and

positions where both the head and body are turned to

the right or left with eyes oriented straight ahead in

the ocular orbit and vision denied. Patient eye move-

ments are usually recorded for 20–30 sec after the head

and body movements have ceased. Alerting tasks are

implemented to prevent cognitive suppression of eye

movements. (Nylén, 1953; Baloh, et al, 1987; Brandt,

1990; McGovern and Fitzgerald, 2008).

PN can occur in the horizontal plane for a given po-

sition or in the vertical plane for a given position. When

horizontal, it is characterized as either right- or left-

beating nystagmus. When vertical, it is character-

ized as up- or down-beating nystagmus. Static PN

can even change directions during a single static posi-

tion (Bassani and Torre, 2011). It is believed to be caused

from an imbalance in tonic activity within the vestibular

labyrinths, the vestibular nerves or the central vestibular

system leading to inappropriate activation of the vestib-

ular ocular reflex and nystagmus. Horizontal PN has

been associated with both peripheral as well as central

vestibular disorders. Vertical PN, on the other hand, is

usually indicative of a central nervous system (CNS)

vestibular lesion (Bassani and Torre, 2011). A common

cause of PN due to asymmetric eighth nerve and/or ves-

tibular nuclear complex firing is vestibular neuritis (Lin

et al, 1986). Other suggested causes of PN include struc-

tural and metabolic changes in the cupula that may

arise with age or disease or differences in the specific

gravity of the endolymphwithin the semicircular canals

versus the cupula caused by alcohol ingestion. (Nylén,

1950; Jongkees, 1961; Baloh and Honrubia, 1990;

Brandt, 1990; Glasauer et al, 2001). PN due to CNS

dysfunction can be seen in patients withmigraine, dam-

age to the cerebellum or brainstem, cerebellum neo-

plasm resulting in compression of the 4th ventricle,

ponto-medullary disorders, other CNS disorders, or

those with loss of blood supply to the basilar artery

(Harrison and Ozsahinoglu, 1972; Watson et al, 1981;

Bassani and Torre, 2011; Roberts, 2016).
Historically, the presence of PN was interpreted as a

nonlocalizing finding, that is, the origin could be from

peripheral or CNS damage that could not be determined.

More recently, categorization of PN that is peripheral in

nature has become more routine, especially in the pres-

ence of direction-fixed horizontal nystagmus with vision

denied seen in several positions, including the seated-up-

right position (spontaneous nystagmus) and an accompa-
nying significant unilateral weakness toward the slow

phase of the PN (Barber and Wright, 1973; Lin et al,

1986; Shepard and Teilan, 1996).

Several authors recorded the presence of hori-

zontal nystagmus during the positional subtests in

persons who were medically normal, reporting no

dizziness or imbalance. These studies used electrooc-

ulography or electronystagmography (ENG) record-
ing techniques from electrodes placed around the

outer canthi of each eye. They found that more than

80% of their healthy participants presented with nys-

tagmus in at least one position (Barber and Wright,

1973; Mulch and Lewitzki, 1977; Coats, 1993; McAuley

et al, 1996). Others have noted, however, that PN only

occurs in the presence of peripheral or central vestibu-

lar pathology (Uemura et al, 1977; Rubin and Brookler,
1991).

Early studies on PN in normal participants might

have been subject to the documented pitfalls of electro-

oculography/ENG that included the introduction of sig-

nificant noise, electrical drift, and artifact. It is possible

that these factors may have affected the accurate detec-

tion and analysis of the nystagmus. The more recent

availability of computerized techniques that use infra-
red video goggles known as VNG has significantly facil-

itated the sensitivity, accuracy, quantification, and

analysis of horizontal and vertical eye movements.

VNG also allows the observation of torsional nystag-

mus, which enhances the diagnosis of BPPV (Waldorf

et al, 1977; Kitamura et al, 1995; Vitte and Semont,

1995; Eckert and Gizzi, 1998; Jacobson and Shephard,

2008). For example, Lightfoot (2004) compared the cal-
ibration integrity of ENG and VNG systems and its im-

pact on measuring the slow-phase velocity (SPV) of a

nystagmus beat. A significant difference was observed

between the initial and final calibration during ENG

testing, suggesting that diagnoses may have been neg-

atively influenced by faulty calibration. That is, results

showed that SPV errors were .20% for one third of the

participants when calibration was not performed before
each ENG subtest and that errors in corneo-retinal po-

tential readings could lead to inaccurate SPVs and inter-

pretation. Lightfoot (2004) suggested that at minimum,

when using ENG, calibration be performed before each
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caloric irrigation. No such calibration errors were ob-

served for VNG.

More recently, using VNG techniques, significant ver-

tical and horizontal PN was observed in asymptomatic
participants with ‘‘normal’’ vestibular function (Bisdorff

et al, 2000; Geisler et al, 2000; Sunami et al, 2004; Jeffery,

et al, 2017). The incidence of horizontal nystagmus ranged

from 50% to 73% and 4.5% to 55% for vertical nystagmus.

Unfortunately, little datawere presented regarding direc-

tionality, SPV, or duration. Table 1 shows available data

from studies on normal participants who demonstrated

nystagmus during positional testing.
Despite these newer data, disagreement still exists

regarding the occurrence of PN among healthy individ-

uals without vestibular pathology (Roberts and Gans,

2008a,b).

Updated clinical insight regarding the incidence, du-

ration, velocity, general description, and interpretation

of PN using more accurate recording techniques with a

large, medically normal participant pool seems war-
ranted. Results should help answer many questions

in this decade’s long discussion. This study should help

to further characterize static PN in healthy patients

who are asymptomatic regarding vestibular symptoms.

In addition, new clinical criteria for the identification of

static PN will be presented.

METHODS

Participants

Twenty-seven males and 73 females (n 5 100), rang-

ing in age from 18 to 68 years, participated in this study.

The participants were divided by age into three groups,

ages 18 to 24 (n5 53) years, 25 to 39 years (n5 27), and

40 to 68 years (n 5 20). Otoscopy confirmed that ears

were free from debris, redness, and visible perforation

before testing. All participants had normal hearing and
middle ear status confirmed by hearing screening, pre-

sent acoustic reflexes elicited at normal sensation levels

(re: pure-tone thresholds) and type A tympanograms

characterized by peak middle ear pressure between

1100 to 2150 daPa and maximum relative compliance

between 0.3 to 1.4 ml (Margolis and Hunter, 1999). All

participants had a negative history of dizziness, imbal-

ance, or hearing loss and considered themselves in good
health as determined by a written questionnaire. They

were asked if they experienced feelings of unsteadiness,

lightheadedness, or spinning. Participants were also

queried about vestibular surgeries, ear infections, hear-

ing loss, draining ears, and other neurological diagno-

ses. Participants were immediately excluded from the

study if they answered yes to any of these symptoms

or disorders. Alternate binaural bithermal water calo-
rics were performed on each participant to ensure that

the low-frequency vestibular ocular reflex response of

the horizontal canals was confirmed as having normal

function. The criteria used for normal caloric responses

were ,25% unilateral weakness and ,30% directional

preponderance (Henry, 1999; Baloh and Honrubia,

2001). Any volunteer who did not pass the selection cri-

teria was excluded from the study. Ultimately, only one
participant was eliminated from the study. Previous ear

surgery was the disqualifying factor. No participants

were excluded because of demonstration of a unilateral

or bilateral caloric weakness. All participants were

instructed to refrain from consuming alcohol and taking

all but essential medications for 48 hours before testing.

Table 1. Previous Studies That Evaluated the Prevalence of PN in Participants without Vestibular Pathology

Number of

Participants

ENG

or VNG

Number

of Test

Positions

Vertical

Nystagmus

Horizontal

Nystagmus Persistent Intermittent Left-Beating Right-Beating

Mean

SPV

Average

Number of

Positions

Nystagmus

Present

Present study 100 VNG 10 43% 74% 7% 93% 63% 37% 2 3

Barber and

Wright (1973)

112 ENG 8 ---- 83% 34% 66% ---- ---- ---- ----

Lin et al (1986) 44 ENG 5 ---- 66% ---- ---- ---- ---- ---- ----

McAuley

et al (1996)

49 ENG 6 ---- 88% 6% 82% ---- ---- 2 ----

Coats (1993) 51 ENG 5 ---- 82% ---- ---- Predominant ---- ---- ----

Geisler

et al (2000)

29 VNG 11 ---- 55% ---- ---- ---- ---- ---- ----

Bisdorff

et al (2000)

40 VNG 2 55% ---- ---- ---- ---- ---- ---- ----

Sunami

et al (2004)

89 VNG 8 4.5% 73% ---- ---- ---- ---- ---- ----

Martens

et al (2016)

75 VNG 6 Rotating

table

---- 88% ---- ---- ---- ---- 2.4 ----

Jeffery

et al (2017)

90 VNG 4 ---- 50% ---- ---- ---- ---- ,3 ----

885

Static Positional Nystagmus in Normals/Nelson et al

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



Instrumentation

The Grason-Stadler GSI 61 two-channel audiometer

with E.A.R. Tone 3A insert earphones was used to com-

plete the hearing screening. The Grason-Stadler GSI

TympStarMiddle Ear Analyzer was used to confirmnor-

malmiddle ear status. Video-oculographic (VNG) record-

ings of eyemovementswere obtained and analyzed using

the 2-channel, GN Otometrics ICS Medical Chartr VNG

system, model number NCI-480, and the ICS Medical

VG-30 goggles (GN Otometrics, Schaumburg, IL). Dark-

pupil tracking technology was used to record eye move-

ments. This technique used off-axis infrared illumination,

from goggle-mounted cameras directed over each eye, to

generate contrast between the iris and the pupil. The

exact pupil position was detected and measured using

a detection algorithm, or Hough transform (Jacobson

and Shephard, 2008). Cameras were secured to the gog-

gles relative to the head to make certain that any

recorded eye movement was not mistaken for head

and eye movement (Clarke et al, 2002; Jacobson, and

Shephard, 2008). Water calorics were conducted using

the ICS water caloric system.

Procedures

All positional and caloric testingwas conducted in adark

room.Eachparticipantwas seatedonanexamination table

and fit with the dark-pupil tracking video goggles. To pre-

vent visual fixation, a light proof cover was placed over the

front of the goggles. Although vision was denied, partici-

pants were directed to keep their eyes open throughout

the testing period. For each participant, calibrationwas ac-

complished by having participants track a sinusoidal tar-

get moving 620� laterally and then vertically from center

gaze. Participants performed mental alerting exercises

during testing (DavisandMann,1987;McGovernandFitz-

gerald, 2008). For example, they were asked to list items

found in a kitchen or to list holidays.

During positional testing, each participant was

placed into ten different static head or head/body posi-

tions for a duration of 100 sec each. Eyemovements were

recorded for the entire 100 sec for each position. In-

dividual positions included seated-upright, supine, su-

pine with head right (HR), supine with head left (HL),

left lateral (LL), right lateral (RL), head-hanging (HH),

head-hanging right (HHR), head-hanging left (HHL),

and precaloric (PC) that is defined as supine with the

head tilted upward at a 30� angle. The order of the ten

positions was randomized for each participant.

Following positional testing, bilateral bithermal wa-

ter caloric testing was conducted. Water temperature

was 44�C for warm irrigations and 30�C for cool irriga-

tions. Warm irrigations were conducted first followed

by cool irrigations (ANSI, 2009).

Criteria for the Identification and

Categorization of Nystagmus

To prepare for data analysis, nystagmus was identi-
fied, counted, and measured. Nystagmus for a given po-

sition was deemed present when three consecutively

occurring beats were identified during the 100-sec re-

cording epoch. Each nystagmus beat had to have an ob-

vious fast and slow-phase component with an SPV that

was greater than or equal to one degree per second

(1�/sec) to be considered for analysis. Nystagmus that con-

tained square wave components was not included in the
analysis (Herishanu and Sharpe, 1981; Leigh and Zee,

1999). Nystagmus was considered persistent if it occurred

for at least 80 sec or 80% of the 100 sec time window, oth-

erwise it was considered to be intermittent. For each po-

sition, the 100-sec tracingwas divided into ten blocks of 10

sec recordings each. Individual nystagmus beats for each

time block were counted and the SPV of each beat was

measured. If nystagmus was present for a given position,
it was categorized as direction-fixed or direction-chang-

ing. Horizontal nystagmus was considered direction-fixed

if it was only right-beating or only left-beating across all

positions. Horizontal nystagmus was considered direc-

tion-changing if the participant had both right-beating

and left-beating nystagmus across different positions.

Direction-changing in a single position was defined as

right-beating and left-beating nystagmus recorded for
one position within the 100 sec epoch.

Data Analysis

Analysis of variance (ANOVA) and descriptive statis-
tics, including the mean, frequency, and 95th percen-

tiles were used to analyze the data.

RESULTS

A 23 33 10 ANOVA was performed to determine if

there were significant main effects for age or gen-

der on SPV across positions. Results showed no signifi-
cant main effect for age or gender [age: F(2, 94)5 0.333,

p5 0.718; gender: F(1, 94)5 1.908, p5 0.17]. Therefore,

participants were considered as one group for all subse-

quent analysis. There was a significant main effect for

SPV across positions [F(9, 846)5 2.766, p5 0.003] as well

as a significant main effect for positions [F(9, 846) 5

2.691, p 5 0.004]. Pair-wise comparisons revealed that

the only significant difference between positions was
found between the spontaneous and HL positions.

Horizontal PN was present for 74% of the partici-

pants in at least one position and the remaining 26%

of the participants had no nystagmus for any position

(N5 100). No participant experienced feelings of imbal-

ance or dizziness before, during, or after testing. As

shown in Figure 1, PN was most prevalent in the HL
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position. Thirty-seven percent of all observed nystag-

mus occurred in this position. There was no statistical

difference between the nystagmus in the LL position

and the HL position [T(99) 5 208, p 5 0.836]. Further-

more, there was no statistical difference between the

nystagmus in the RL position and the HR position

[T(99)5 0, p5 1.0]. The occurrence of spontaneous nys-

tagmus in the seated-upright position was the least
prevalent. Only 15% of the time was nystagmus ob-

served during this position. For each position tested

(N 5 10), nystagmus was recorded in .15% of the par-

ticipant pool. For no single position was nystagmus

recorded in .36% of the participants. The mean num-

ber of positions in which horizontal nystagmus was pre-

sent was three positions. Figure 2 demonstrates the

percent of participants who displayed nystagmus by
number of positions. Eleven percent of the participants

had nystagmus in three positions. Eighteen percent had

nystagmus in one position and one normal participant

had nystagmus in nine of the ten positions.

A 2 3 3 3 10 ANOVA was performed to see if there

was a significant effect for age or gender on duration,

that is, intermittence and persistence of nystagmus

across positions. Results showed no significant main ef-
fect for age [F(2, 94) 5 0.455, p 5 0.636]. However, a

significant main effect was shown for gender and dura-

tion [F(1, 94) 5 4.277, p 5 0.041; duration F(9, 846) 5

2.691, p 5 0.004]. Including only the 74% of the partic-

ipants with horizontal PN, 7% of them had persistent

nystagmus in at least one position and 93% of the par-

ticipants had intermittent nystagmus for at least one

position. Figure 1 graphically represents the occurrence

of intermittent versus persistent nystagmus across the

ten positions.

For all observed nystagmus, that is, 869 nystagmus
beats, the mean SPVwas 2�/sec, the minimum SPVwas

1�/sec, and the maximum SPVwas 9�/sec. The 95th per-

centile for SPV was 4�/sec, that is, 95% of the recorded

nystagmus was 4�/sec or less. Only 5% of the partici-

pants had nystagmus with an SPV greater than 4�/sec.
Left-beating nystagmus was more prevalent than

right-beating nystagmus. Table 1 shows that 63% of

all nystagmus beats recorded were left-beating.
Right-beating nystagmus only occurred 37% of the

time.

Of patients demonstrating PN (N 5 74), direction-

fixed nystagmus was present in 76% of the participants

and the remaining 24% of the participants had direc-

tion-changing nystagmus. Of those with direction-

changing nystagmus, 11% had ageotropic nystagmus

for each position where nystagmus was present and
61% had geotropic nystagmus. The remaining 28% of

the participants had amixture of ageotropic and geotro-

pic nystagmus (Jungmoo et al, 2009). No participant

Figure 1. Percent of nystagmus beats, both intermittent and persistent, for each of the ten test positions. PN was most prevalent in the
HL position.
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demonstrated torsional nystagmus or direction-changing

nystagmus in a single position.

Forty-three percent of the participants had vertical nys-
tagmus in at least one position. The remaining 57%had no

recorded or observed vertical nystagmus in any position.

The average SPV for vertical nystagmuswas 1�/sec. On av-

erage, vertical nystagmuswas present in only one position.

Clinical Criteria for Pathological Nystagmus

Table 2 reviews two commonly used sets of clinical
criteria that can be applied to recorded positional crite-

ria and two newly suggested sets (Barber and Stockwell,

1980; Shepard and Telian, 1996). The number of

healthy participants (N 5 100) who met the criteria

for suspected pathologic nystagmus are also presented

in Table 2. Separate calculations are provided for ten

test positions, eight test positions, and six test positions.

The ten test positions included sitting upright, supine,
HR, HL, HH, PC (30� supine), RL, LL, HHR, and HHL.

When the criteria are analyzed with eight positions,

HHR and HHL are excluded because PN in these posi-

tions can be evaluated during the Dix–Hallpike test.

The criteria are then analyzed with six test positions.

Here, HHR and HHL are excluded as well as the RL

and LL positions because lateral positions can be in-

cluded in a test battery if neck involvement is in ques-
tion. Table 2 shows that the number of participants who

met the criteria for significant PN was highly depen-

dent on the number of positions tested, that is, as the

number of positions tested decreased, fewer partici-

pants met the criteria for suspected pathology.

Using Barber and Stockwell’s (1980) criteria, the total
number of ‘‘flagged’’ participants decreased from 32 par-

ticipants to 13 as the number of positions tested decreased

from 10 positions, then to 8 and eventually to 6. Shepard

and Teilan’s (1996) more liberal criteria showed the same

trend. Participants meeting their criteria decreased from

eight to three as the number of positions tested decreased.

Suggested criteria #1 from this study decreased from22 to

5 participants identified as suspected pathology.
Table 2 also illustrates that the number of ‘‘flagged’’

participants (participants meeting the criteria for sig-

nificant static PN) was influenced by the degree to

which intermittent nystagmus was considered. That

is, the overall total of ‘‘flagged’’ participants was

greatly influenced by the number of positions, demon-

strating intermittent PN, required to meet the criteria

of significance. Table 2 shows that when ten positions
were considered for the analysis with a criterion for

significance (pathological) set at ‘‘intermittent nystag-

mus in at least 8 positions,’’ only 3 participants qual-

ified; ‘‘intermittent in at least 6 positions,’’ 15 qualified;

and ‘‘4 positions,’’ 31 qualified. Shepard and Teilan

(1996) used eight positions. For suggested criteria #1

and #2, the number of positions needed with intermit-

tent nystagmus was varied between six and four
positions because these numbers are closer to the

average number of four positions in which PN was

observed.

Figure 2. The mean number of positions in which horizontal nystagmus was present was three positions (11%).
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DISCUSSION

Positional nystagmus results from the head or body

being slowly placed into a static position and

should not be confused with positioning nystagmus,

which is associated with specific movements used to diag-

nose BPPV. The present data suggest that the mere obser-

vance of PN during a vestibular evaluation may not
indicate a lesioned vestibular system because 74% of the

participants (N 5 100) demonstrated horizontal PN in at

least one position and that for each position tested, horizon-

tal nystagmus was recorded in more than 15% of the par-

ticipant pool. Left-beating nystagmus occurred muchmore

of the time (63%of the time) than right-beatingnystagmus.

Itmight be said that therewas a left-beating dominance for

nystagmus direction. Results also indicated that horizontal
PN in three or four positions,when theSPV is 4�/sec or less,
may be a normal variant as well as the observance

of vertical nystagmus in just one position if the SPV is

2�/sec or less. Reports to the contrary, that PN is always

pathological (Uemura et al, 1977; Rubin and Brookler,

1991; Roberts and Gans, 2008a,b), were not confirmed.

Comparison with Other Studies

Data from the present study are similar to results

from previous studies that examined the incidence of

PN in normal participants. These data are reviewed

in Table 1 (Barber and Wright, 1973; Lin et al, 1986;

Coats, 1993; McAuley et al, 1996; Geisler et al, 2000;

Sunami et al, 2004; Marten et al, 2016; Jeffery et al,

2017). The incidence of horizontal nystagmus in healthy

participants is fairly consistent (50–88%) across most

studies (66–88%), although at least two report incidence

rates of 50–55% (Geisler et al, 2000; Jeffery et al, 2017).

This consistency holds even though the method of re-

cording nystagmus, the number of participants tested,

and the number of positions tested differed. The mean

SPV, approximately 2–3�/sec, seen among these stud-

ies, also remains consistent. For example, McAuley

et al (1996) used ENG techniques to evaluate PN in

six positions in 49 participants. They reported that

the incidence of horizontal nystagmus was 88%, the

mean SPV was 2�/sec, and the incidence of persistent

and intermittent nystagmus was 6% and 82%, respec-

tively. Details further describing the nystagmus such

as the incidence of vertical nystagmus or the mean

numbers of positions where nystagmus was observed

were not available.

Martens et al (2016) used a motorized rotating tilt ta-

ble to position the entire body of their normal volunteers

(N 5 75) into six test positions. Patients were tested in

the seated-upright, supine, RL, LL, HHR, and HHL po-

sitions. In the HH positions, the participant was tilted

Table 2. Criteria for Significant PN

Number of Participants Meeting Criteria 10 pos 8 pos 6 pos

Barber and Stockwell, 1980 (adapted from Barber and Wright, 1973)

1. Direction-changing in a single position. 0 0 0

2. SPV . 6�/sec for the three strongest consecutive beats in a single position. 0 0 0

3. Persistent in three positions. 1 1 0

4. Intermittent in four positions. 31 23 13

Total no. of participants meeting criteria 32 24 13

Shepard and Telian (1996)

1. Direction-changing in a single position. 0 0 0

2. SPV . 5�/sec in a single position. 5 5 3

3. SPV , 6�/sec—persistent nystagmus in four or more of 8–11 positions. 0 0 0

4. SPV , 6�/sec—intermittent in all (of 8) positions. 3 0 0

Total no. of participants meeting criteria 8 5 3

Suggested criteria #1 (2018) (fewer referrals)

1. Direction-changing in a single position. 0 0 0

2. SPV . 5�/sec for the three strongest consecutive beats in a single position. 5 5 3

3. SPV , 6�/sec—persistent nystagmus in three or more positions. 1 1 0

4. SPV , 6�/sec—intermittent in at least six positions. 15 7 0

5. Combination of persistent and intermittent nystagmus in four positions. 1 3 2

Total no. of participants meeting criteria 22 16 5

Suggested criteria #2 (2018) (more referrals)

1. Direction-changing in a single position. 0 0 0

2. SPV . 5�/sec for the three strongest consecutive beats in a single position. 5 5 3

3. SPV , 6�/sec—persistent nystagmus in four or more positions. 0 0 0

4. SPV , 6�/sec—intermittent in at least four positions. 31 23 13

5. Combination of persistent and intermittent nystagmus in four positions. 1 3 2

Total no. of participants meeting criteria 37 31 18
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such that the feet (and lower body) were elevated supe-

rior to the rest of the body. The reported incidence of PN

was 88% with a mean SPV of 2.4�/sec. They combined,

however, horizontal, vertical, and oblique nystagmus in
their analyses. It should be noted that 55% of their re-

ported nystagmus was seen in the HH/lower body ele-

vated positions. Figure 1 shows that this was not the

case in the present study. A greater influence of gravity

in these positions and its impact on the vestibular organ

inside the ampulla, in their (Martens et al, 2016) par-

ticipants, seems possible.

More recently, Jeffery et al (2017) compared PN
across four positions in 90 control participants from

Rogers et al (2014) with 90 of their balance patients. Po-

sitions tested were supine, supine with the head tilted

30� (PC position), RL, and LL. They reported that

Rogers et al (2014) found horizontal nystagmus in 50%

of the control participants. Furthermore, they reported

that the mean SPV was less than 3�/sec. They defined

the maximum 95th CI for SPV across positions as
2.3�/sec. They suggested a ‘‘threshold’’ of 3� be used to de-

termine a normal average SPV for horizontal nystagmus

and persistent nystagmus in four positions. These data

seem to be consistent with the present findings regard-

ing incidence and mean SPV in a normal population.

Differences in incidence could be related to number of

positions used. While they did not report the incidence

of vertical nystagmus from the control group, they sug-
gested, based on their patient data, that vertical upbeat

nystagmus in any position that is 7�/sec or greater be

considered pathological and needed further investi-

gation. For their patient data (N 5 90), Jeffery et al

(2017) found that 75.6% of the participants demon-

strated nystagmus in at least one position. LikeMartens

et al (2016), they combined horizontal, vertical, and

oblique nystagmus in their calculations making direct
comparisons regarding the presence of geotropic, ageo-

tropic, or direction-fixed nystagmus difficult. In ad-

dition, they used a criterion of ‘‘PN in two or more

positions’’ for inclusion in those analyses and included

data from other studies. Jeffery et al (2017) did not pro-

vide definitive diagnoses or confirmation of a central or

peripheral vestibular lesion in their balance patients, so

correlations between the patient data and their PN or
calculations of sensitivity and specificity could not be

made. In their opinion, any nystagmus exceeding

3�/sec for any position or that is persistent and/or vertical

(exceeding 7�/sec) is considered probable pathologic.

Interestingly, there are some important differences

between our data and the seminal report on the partic-

ipants by Barber and Wright (1973). Our mean SPV of

2�/sec is much lower than the 9�/sec guidelines for path-
ological nystagmus suggested by Barber and Wright

(1973) or the 6�/sec suggested by Barber and Stockwell

(1980). The 95th percentile for SPV of 4�/sec and the

maximumSPV of 9�/sec in the present study were lower

than Barber and Wright’s (1973) 95th percentile for

maximum average SPV of 9�/sec and the maximum

SPV of 12�/sec. It is very likely that technical issues

such as the strip-chart recorder combined with ENG
techniques used by Barber and Wright (1973) versus

computerized VNG techniques used in the present

study account for some of the differences. Strip-chart

ENG recordings can compromise the sensitivity and ac-

curacy of nystagmus identification. Also, they can intro-

duce significant noise, electrical drift, and artifact to

recordings, which can affect the quantification and

analysis of horizontal as well as vertical eye movements
(Waldorf et al, 1977; Kitamura et al, 1995; Eckert and

Gizzi, 1998).

Test Positions

As shown in Figure 1, the incidence of PN in the HL

position and the LL positions was similar. This similar-

ity between positions was also seen between the HR
and RL positions. Consideration should be given to

the elimination of the RL and LL positions from the

VNG test battery, especially if a cervical vertigo screen-

ing test is negative (Clendaniel and Landel, 2007;

Roberts, 2016). Perhaps, the lateral positions should be

substituted for HR and HL if the patient complains of

neck pain or stiffness during the case history portion

of the session, the patient is unable to rotate the neck,
if they fail the cervico-vertigo screening, or if the ob-

served PN from neck rotation is in question. Our data

show that only nine participants had static PN in only

the LL or only the RL positions and not also in the HL,

HR, or opposite-lateral positions. That is, only nine par-

ticipants would have been missed by eliminating the

lateral positions. These nine participants could possibly

be identified as pathologic through careful case history,
failure to fixate in other test positions, or through other

clinical vestibular tests that help differentiate periph-

eral from central such as the caloric test (Maire and

Duvoisin, 1999; Roberts, 2016). Also, it may be possible

to eliminate the HHR and HHL positions from the pro-

tocol because the presence of PN in these positions can

be assessed during the Dix–Hallpike test. Based on the

present evidence, suggested positions for positional
testing, without vision, might include sitting upright

otherwise known as test of spontaneous nystagmus, su-

pine, HR, HL, HH, and the PC (30� supine) positions.

Direction of Nystagmus

Seventeen of the 100 healthy participants in the pre-

sent study or 23% of only those showing static PN

(N 5 17/74) had direction-changing nystagmus. Lin et al
(1986) found that when their normal participants dem-

onstrated static PN, it was direction-changing nystag-

mus only 13.8% (4/29) of the time, slightly lower. They
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also calculated from chart review the overall incidence

of direction-changing nystagmus for all of their 1,196

balance patients and 44 control participants, not just

those with PN. Forty-five percent or 3.8% of their total
patient population (N 5 1,196) and 9% (N 5 4/44) of

their total healthy participants showed direction-

changing nystagmus. A careful comparison of the

two studies shows that the methods for carrying out

the studies, methods of testing, number of different tes-

ters, the number of positions tested, the criteria for de-

termining presence of nystagmus, and length recording

epoch may have contributed to the differences between
the studies. Incidentally, Lin et al (1986) reported that

76% of their patient participants (N 5 1,196) had PN;

however, they failed to separate horizontal from verti-

cal or oblique nystagmus. Direct comparisons are diffi-

cult. They did conclude, however, that the presence of

direction-changing nystagmus does not necessarily in-

dicate disease or localize the site of lesion. Specifically,

Lin et al (1986) found that for 48% of their balance pa-
tients, they could find no definite diagnosis (patients

with direction-changing nystagmus). Twenty-two per-

cent of these patients had a confirmed central vestibu-

lar disorder such as cerebellar degeneration, brainstem

infarction, multiple sclerosis, or other neurological dis-

order, and 30% percent had a peripheral vestibular le-

sion such as Meniere’s disease, unilateral hypofunction

of unknown etiology, or an acoustic neuroma.
Maire and Duvoisin (1999) looked at a group of 43 pa-

tients with either direction-fixed (N 5 35) or direction-

changing (N5 8) PN. They concluded that site of lesion,

that is, peripheral versus central vestibular lesions

could be determined in all of their patients by perform-

ing the failure of fixation suppression test when PNwas

observed. For example, eight of their patients with di-

rection-fixed nystagmus were incapable of suppressing
their PN. Each of these patients was found to have le-

sions in the posterior fossa. Pathology included tumors

that invaded either the cerebellum or the pons. Each of

their participants (18.8%) with direction-changing nys-

tagmus was able to suppress their nystagmus when

they fixated. They noted that two of their patients

who were able to fixate eventually were diagnosed with

brainstem tumors, although they showed no clinical
signs of a central lesion, and only the presence of PN.

The addition of the failure of fixation suppression test

whenPNwas seen significantly improved the clinician’s

ability to localize the lesion.

Length of Recording

Like McAuley et al (1996), no difference was found

across time for number of nystagmus beats and SPV.
The number of beats as well as the SPV did increase

20 to 30 sec into the recording but decreased almost to

the initial low level during the 60 to 70 sec after recording

onset. Low-level nystagmus activity during the first 30

sec of the recording may indicate that nystagmus was

not caused bymoving the patient into different positions.

Criteria to Determine Significant PN

Traditionally, clinical criteria have been applied to

recorded nystagmus obtained during the positional sub-

test of the VNG or ENG test battery. The intent is to

determine if the PN is nonpathologic or pathological.

Patientswith pathological PNmay require further eval-

uation, monitoring, or treatment. Applying clinical cri-

teria to positional results seems reasonable to avoid
over referral of patients for expensive follow-up testing

(Barber and Wright, 1973; Barber and Stockwell, 1980;

Shepard and Teilan, 1996). Table 2 presents several

clinical criteria or guidelines to analyze and consider.

All guidelines assume positional testing without vi-

sion and do not address interpretation of results when

a patient has PN with vision. Data from these 100

healthy participants showed that 95% of the partici-
pants demonstrated an average SPV of 4�/sec or less,

in fact, the mean SPV was only 2�/sec. If the exact mean

SPV of 2.1 (1 SD 5 1.3) from our data is added to two

standard deviations (4.6�/sec), then any nystagmus

seen that is 5�/sec or less could be considered typical.

Lin et al (1986) only studied direction-changing nystag-

mus in a clinical population and summarized that all

nystagmus in their group of participants had an SPV
greater than 4�/sec. The Barber and Stockwell (1980)

guidelines used .6�/sec of the three strongest consecu-

tive beats in a single position as their cutoff for sus-

pected pathology. In their guidelines, Shepard and

Teilan (1996) lowered this cutoff to .5�/sec, and this

value was maintained in the suggested criteria. Five

participants met the criteria with this cutoff of

.5�/sec, and none met the criteria with a cutoff of

.6�/sec. Said differently, there was a 5% false-positive

rate using ten and eight positions and a 3% false-positive

rate for six positions when using .5�/sec as the cutoff

instead of using.6�/sec which gave a false-positive rate

of 0%. Because no gold standard such as magnetic res-

onance imaging (MRI) was used on the participants in

this present study the false-negative rate could not be

calculated. Using a false-positive rate of 5% and an es-
timated cost of anMRI to be between 500 and 4,000 dol-

lars, it can be estimated that between $2,500.00 and

$20,000.00 may be spent on further testing of these five

participants. It may be possible to further lower this

false-positive rate by having the participant fixate in

any given position where static PN is observed (Maire

and Duvoisin, 1999; Roberts, 2016).

Differences in the definition of persistent nystagmus
may account for the 5% incidence of persistent nystag-

mus in the present study and the 34% reported by Bar-

ber andWright (1973). Barber andWright (1973) used a
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cutoff of 35% of the tracing, whereas nystagmus had to

be present for 80% of the tracing or 80 sec for it to qual-

ify for the present analysis. The incidence of intermit-

tent nystagmus was more similar among the three
studies. These data were not available for the other

studies.

As stated previously, the method of testing, that is,

ENG versus VNG, the number of test positions used,

and the number of test positions required when evalu-

ating intermittent nystagmus may have had combined

influence on the number of participantsmeeting the cri-

teria for significant PN. Barber and Stockwell (1980) us-
ing ENG identified 31 participants as having significant

static PN when testing ten test positions and a level of

significance of ‘‘intermittent in four positions,’’ whereas

only 15 participants were identified using suggested

criteria #1 which used ten test positions, VNG, and a

clinical criteria of ‘‘intermittent nystagmus in six posi-

tions.’’ Also, the number of participants meeting the

level of significance for positional static nystagmus
dropped to zero from 15 (using suggested criteria #1)

when the number of positions was changed from 10

to 6.

For the suggested sets of criteria, a fifth guideline, a

combination of persistent and intermittent nystagmus

in four positions, was included. Depending on the num-

ber of test positions used, between one and three of the

100 participants met this criterion. Again, calculating a
fixation index to observed PN might lower this number

(Maire and Duvoisin, 1999; Bertholon et al, 2002;

Roberts, 2016).

The obvious absence of a set of criteria from Barber

and Wright (1973) is deliberate. Careful review of their

suggested criteria reveals that the initial guidelines

were significantly revised, reported, and printed in

the book by Barber and Stockwell (1980). Among other
recommendations, the 1973 guidelines state that path-

ologic PN is suspected if there is: (a) a single beat of

nystagmus with an SPV of 14�/sec or greater; (b) spon-
taneous nystagmus; (c) a maximum average SPV of

9�/sec or greater for a burst (three beats) of nystagmus;

(d) persistent or intermittent nystagmus in six or more

positions and; (e) a combination of persistent and inter-

mittent nystagmus in eight positions. They further
stated that no .4 or 5 positions may be needed for

the battery even though their criterion was based on

8 positions.

Overall, the present data show that when suggested

criteria #1, using only six positions is applied there is

only a 5% false-positive rate. Only five of the 100 asymp-

tomatic, otherwise healthy participants would have

been identified as having significant static PN. Given
the previous discussions on the elimination of certain

positions, the SPV cutoff point and the influence of in-

termittent and persistent nystagmus, it seems reason-

able to assume that this criteria might prove clinically

efficient, yielding a very reasonable false-positive rate

in a balance clinic. Suggested criteria #2 is a bit more

liberal when it comes to persistent nystagmus andmore

conservative when it comes to intermittent nystagmus.
It yielded a false-positive rate of 18%when six positions

were considered.

Suggested criteria #1 seems to be a great compromise

and is the preferred choice by our group. In retrospect,

the addition of the fixation suppression test in a given

position, if nystagmus was observed, may have shown

even more promising results. Fixating has been shown

to add to the diagnostic value of the positional subtests
better categorizing patients into either central or pe-

ripheral vestibular lesion groups and minimizing the

number of patients previously labeled with a nonlocal-

izing vestibular lesion (Maire and Duvoisin, 1999). Ta-

ble 3 outlines an evidence-based protocol for PN that

includes the preferred criteria, fixation, and other sug-

gestions for the balance clinician. The addition of imag-

ing for patients who cannot suppress their PN would
add to its sensitivity (Lin et al, 1986; Maire and Duvoisin,

1999; Nam et al, 2009). The Appendix displays this in-

formation in a flowchart.

Table 3. An evidence-based criteria and protocol for the
static positional subtest of the VNG test battery. The
protocol assumes the positions, seated upright, supine,
head-right, head-left, head hanging and supine with the
head lifted 30� (precaloric condition). The predictive
value for this criteria was 95% in subjects where a
healthy vestibular system was assumed.

Patients should meet one or more of the following six criteria for

significant PN

1. Direction-changing in a single position.

2. SPV . 5�/sec for the three strongest consecutive beats in a

single position.

3. SPV , 6�/sec—persistent nystagmus in three or more

positions.

4. SPV , 6�/sec—intermittent in at least six positions.

5. Combination of persistent and intermittent nystagmus in four

positions.

6. Vertical nystagmus in a single position if the SPV. 2�/sec or

if present in more than one position.

In addition, clinicians should:

Check for suppression of PN for each position where PN is

observed to help localize the lesion as either central or

peripheral.

Perform a careful case history and cervico-vertigo screening to

rule out neck problems. If neck problems exist, substitute or

include the lateral positions.

Conduct the Dix Hallpike and the Roll tests prior to static

positional testing to rule out BPPV.

Interpret PN results as part of a test battery along with other

vestibular test results.

Always categorize PN as either direction-fixed or direction-

changing.
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Limitations

The strength of our findings would improve if we had

been able to administer other clinical techniques in our
experimental test regimen. The video head impulse

tests would have documented the absence of a high fre-

quency vestibular lesion in the horizontal or vertical

semicircular canals. The ocular vestibular-evoked myo-

genic test would have confirmed normal function of the

utricle and/or superior branch of the 8th cranial nerve,

although the caloric test probably could be seen as a

cross check for normal 8th cranial nerve function. Jeffery
et al (2017) did the cervical vestibular-evoked myogenic

test on their normal participants and found no correla-

tion between those results and static PN; however, it

could have been conducted in this study to rule out

any saccular lesions. Another limitation of this study

is that the incidence of migraines was not specifically

tallied, although participants were queried about ail-

ments, diagnoses, and neurological disorders.

Summary

This study demonstrated that PN can be observed in

healthy people and that labels of pathologic nystagmus

should be given with caution following an evidence-
based criterion. Also, the clinician should always use

clinical judgment, including case history and other clin-

ical signs, to properly diagnose pathologic patients that

fall outside the strict guidelines and are therebymissed.

The suggested criteria #1 had a predictive value of 95%

for normal participants and should be considered in the

future. Perhaps a large follow-up study using these cri-

teria that compares participants with significant PN
with healthy participants would provide useful insight

into not-yet-detected vestibular lesions. This study

should separately evaluate horizontal, vertical, and

oblique nystagmus; analyze several aspects of the nys-

tagmus; test the criteria against a gold standard such as

MRI and/or cerebral angiography; and use the fixation

index when nystagmus is observed (Bertholon et al,

2002; Choi et al, 2013).
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APPENDIX: Clinical flowchart for static positional testing.
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