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Abstract 
Background and Aim: Vibration is a method 

for stimulating the vestibular system. This met-

hod can unmask asymmetry between two vesti-

bular systems (such as unilateral peripheral ves-

tibular disorders). The occurrence of vibration-

induced nystagmus (VIN) in healthy subjects 

can affect the diagnosis of patients with uni-

lateral peripheral vestibular disorders. Thus, the 

evaluation of VIN in healthy subjects is critical 

to help the diagnosis of unilateral peripheral 

vestibular disorders. 

Methods: This study was carried out on 72 hea-

lthy subjects (mean ± SD age: 27.12 ± 4.97 

years) in the Auditory and Balance Clinic of 

Rofeideh Rehabilitation Hospital. Vibration sti-

mulation with a frequency of 30 and 100 Hz 

was used on mastoid and posterior cervical mus-

cles (PCMs) and simultaneously eye movements 

were recorded and analyzed using videonystag-

mography. 

Results: The mastoid vibration with a frequ-

ency of 30 and 100 Hz, respectively produced 

VIN in 16.67% and 27.78% of subjects and VIN 

observed in PCMs vibration with a frequency of 

30 and 100 Hz in 4.17% and 9.72% of the 

subjects. 

Conclusion: The occurrence of VIN in healthy 

subjects was more probable with mastoid vib-

ration in 100 Hz. In this study, VIN was pre-

dominantly horizontal, its direction was toward 

the stimulated side, and its slow phase velocity 

was lower than 5 deg/s. These criteria could be 

used for differentiation between normal and 

abnormal subjects. 
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Introduction 

Balance is defined as body stability in different 

positions [1] and needs the integrated function 

of visual, vestibular, and proprioceptive systems 

[2]. As 50% of the patients with balance dis-

order suffer from vestibular involvement [3], 

vestibular evaluation is an essential step in accu-

rate diagnosis and treatment. 

For vestibular evaluation, sensory receptors (or 

related neural fibers) of this system must be 

stimulated, and the consequent effects must  

be evaluated [4]. Caloric, vibration stimulation  

[5-7], head impulse, and galvanic stimulation 
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can be used as the vestibular stimulations, and 

videonystagmography (VNG) can be used as an 

evaluation tool [4,8]. 

The most common stimulation for the vestibular 

system is caloric, but it has some potential 

limitations such as contraindication in patients 

with perforated tympanic membrane, middle  

ear pathologies, and external ear occlusion.  

This stimulation method is unbearable in some 

subjects and induces nausea and vomiting. Cal-

oric stimulation evaluates vestibule-ocular ref-

lex (VOR) at low frequency, but pathologies 

related to high frequency would remain unde-

tected [9]. Considering these limitations, more 

studies on other stimulation methods for clinical 

use would be beneficial. 

In this study, the vibration was selected, which 

is a non-invasive and straight forward stimulus, 

and it is more tolerable stimulus than caloric 

stimulation. This method does not have any 

significant side effect and induces less nausea 

(if any) than caloric [7,10-15]. In addition, vib-

ration on mastoid, posterior cervical muscles 

(PCMs), vertex, and tendons induce high-frequ-

ency vestibular stimulation [5,6]. Furthermore, 

the cost of the equipment and the duration of the 

test are significantly lower than caloric. Consi-

dering these benefits, the clinical utilization of 

this method and investigation of its limitation 

and application seems vital. 

One of the fundamental applications of this 

method is the determination of unilateral peri-

pheral vestibular disorders. In these patients, 

vibration on mastoid results in vibration-indu-

ced nystagmus (VIN) [5-7]. VIN, mostly hori-

zontal [6,16], can detect the side of the lesion. 

That is right beating nystagmus is representative 

of left peripheral loss. By applying vibration on 

either side, nystagmus always beats towards the 

unaffected side [5,7,17,18]. The neuronal base 

for VIN is as follows: the vibration applied on 

one labyrinth causes bilateral stimulation, and 

this leads to phase-locked action in irregular 

afferents in both labyrinths and nystagmus beats 

toward the unaffected side [5]. 

In spite of its advantages, VIN application for 

differential diagnosis faces an important limi-

tation. This limitation would be the appearance 

of VIN in 20% of healthy subjects, and the only 

difference between normal and abnormal sub-

jects is the direction of nystagmus [16]. In nor-

mal subjects, the nystagmus is mostly beating 

toward the vibration side. This means that 

vibration on the right mastoid produces right 

beating nystagmus and vice versa. The reason 

for this observation is not clearly defined [7,19]. 

So as there are some ambiguities in regards to 

the effects of the vibration on nystagmus in 

healthy subjects and this issue can affect the 

potential application of this stimulus in the eva-

luation of vestibular disorder, more comprehen-

sive investigation in normal subjects is essential 

and is the aim of the present study. 

In the present study, nystagmus induced by 

mastoid and PCMs vibration was investigated 

and compared with each other in normal sub-

jects. 

 

Methods 

Eighty normal subjects in the age range of 18‒

35 years (mean ± SD age: 27.12 ± 4.97 years) 

were enrolled in the study after the University 

of Social Wellbeing and Rehabilitation Sciences 

(USWR) announcement. They all were referred 

to Auditory and Balance Clinic of Rofeideh 

Rehabilitation Hospital. They underwent audi-

tory and vestibular evaluations. The inclusion 

criteria included lack of any history of vertigo, 

dizziness and disequilibrium, lack of family his-

tory of vestibular disorders, normal audiometry 

(no hearing loss or tinnitus), normal tympano-

metry (no middle ear involvement), presence of 

acoustic reflex, normal VNG, normal video 

head impulse test (vHIT), and lack of any ocular 

or neurologic disease (migraine, seizure and 

multiple sclerosis). Any abnormality in these 

test results, lack of interest in participation and 

lack of cooperation were considered as the exc-

lusion criteria. This study was approved by the 

Ethics Committee of USWR with the regist-

ration number of IR.USWR.REC.1397.119. 

Seventy two subjects met the inclusion criteria. 

During the examination, they were positioned in 

a chair in a dark room. Then binocular goggles 

of VNG were put on participants, and goggles 

cover was put in place to shield eyes from the 
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light. The subjects were asked to keep their eyes 

open and look forward and minimize their 

blinking. This study had 5 stages: 

Basic; spontaneous nystagmus was investigated, 

and subjects with spontaneous nystagmus were 

excluded. 

1. 30-Hz mastoid vibration; vibrator 

(VVIB-3F, Synapsys, France) was set at 30 Hz 

and kept on the mastoid process for 20 seconds 

(its position is in line with the external auditory 

canal) [20]. 

2. 100-Hz mastoid vibration; the procedure 

was the same as stage 2 except for the vibration 

frequency. 

3. 30-Hz vibration on PCMs; vibrator was 

set at 30 Hz and kept on trapezoid muscle 

(lower one-third of superior trapezius [20] for 

20 seconds. 

4. 100-Hz vibration on PCMs; the proce-

dure was the same as stage 4 except for the 

vibration frequency. 

Stages 2 to 5 were performed randomly on 

subjects by one examiner. The duration of vib-

ration was 20 seconds. There was a one-minute 

rest between stages. All stages were applied to 

the right mastoid and PCMs. If there was a VIN 

in each stage, the opposite side was evaluated as 

well. 

For data analysis, ocular movements were recor-

ded, and data were analyzed by SPSS 22. The 

percentage of subjects who showed VIN by 30- 

and 100-Hz vibration on mastoid and PCMs 

were described, and the exact characteristics of 

the nystagmus (type, direction, and strength) 

were analyzed based on the place and frequency 

of stimulation. 

 

Results 

Vibration-induced nystagmus (VIN) would occ-

ur more in mastoid vibration than PCMs. In 30- 

and 100-Hz mastoid vibration, VIN appeared in 

12 (16.67%) and 20 (27.78%) subjects, res-

pectively while for PCMs, VIN appeared in 3 

(4.17%) and 7 (9.72%) subjects, respectively. In 

all cases, VIN started by the stimulation onset 

and ended by its offset. Horizontal VIN was the 

most common nystagmus with 75% and 85% 

occurrence rate for 30- and 100-Hz mastoid vib-

ration and 66.67% and 85.71% occurrence rate 

for 30- and 100-Hz PCMs vibration, respec-

tively. 

Rotational VIN was also seen occasionally, but 

Table 1. Direction of vibration-induced nystagmus and the number of subjects with vibration-induced 

nystagmus by mastoidal and posterior cervical muscles vibration 

 

   Horizontal VIN  
 

Rotational VIN  

Place and frequency of 

vibration 

Side of 

vibration (n) 

Absence of 

VIN 
Right beating 

Left 

beating 

 
Clockwise 

Counter-

clockwise 

Mastoid vibration with 

frequency 30 Hz 
Right side 60 7 2 

 
2 1 

 
Left side  

(12 subjects) 
1 0 10 

 
0 1 

Mastoid vibration with 

frequency 100 Hz 
Right side 52 10 7 

 
1 2 

 
Left side  

(20 subjects) 
2 0 17 

 
1 0 

PCMs vibration with 

frequency 30 Hz 
Right side 69 2 0 

 
1 0 

 
Left side  

(3 subjects) 
1 0 2 

 
0 0 

PCMs vibration with 

frequency 100 Hz 
Right side 65 5 1 

 
1 0 

 
Left side  

(7 subjects) 
1 1 5 

 
0 0 

VIN; vibration-induced nystagmus, PCMs; posterior cervical muscles 
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vertical VIN did not appear in any of the loca-

tions or frequencies. 

Beating direction was toward stimulated side, 

and right beating nystagmus was seen more 

frequently than left beating. In 7 out of 9 

subjects (77.78%) and in 10 out of 17 subjects 

(58.82%) who had horizontal VIN for 30- and 

100-Hz mastoid vibration, right beating nystag-

mus was apparent. In addition, for PCMs vib-

ration, in 30-Hz vibration, all subjects (100%) 

and in 100-Hz vibration 5 out of 6 subjects 

(83.33%) had right beating nystagmus. 

By applying vibration on left mastoid or PCMs 

in subjects who showed VIN in right sti-

mulation, nystagmus mostly had left beating 

direction (83.33% and 76.47% in 30- and 100-

Hz mastoid vibration and 100% and 83.33% in 

30- and 100-Hz PCMs vibration) (Table 1 and 

Fig. 1). 

The degree of nystagmus was not higher than 5 

deg/s in none of the stimulation locations and 

frequencies. The strongest nystagmus was seen 

in 100-Hz mastoid vibration. The strongest hori-

zontal nystagmus was 5 deg/s, and rotational 

A B 

C D 

Fig. 1. Percentage of vibration-induced nystagmus based on place and frequency of vibration. The 

absence of vibration-induced nystagmus is represented by VIN (-). A) Mastoid vibration with 

frequency 30 Hz. B) Mastoid vibration with frequency 100 Hz. C) Posterior cervical muscles vibration 

with frequency 30 Hz. D) Posterior cervical muscles vibration with frequency 100 Hz. 
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nystagmus, regardless of the rotation direction, 

was [3,3] deg/s. Rotational nystagmus is dis-

played by horizontal (X) and vertical (Y) 

vectors (X,Y). The strength of nystagmus in 

other stimulation locations and frequencies was 

lower than the mentioned values (Table 2). 

 

Discussion 

This study was conducted on 72 healthy sub-

jects to examine characteristics of VIN. We 

used 30- and 100-Hz vibration in two sti-

mulation locations (mastoid and PCM). Type, 

direction, and strength of nystagmus were stu-

died via VNG. 

Vibration stimulation is a clinical approach for 

the evaluation of vestibular asymmetry, which is 

the most common vestibular disorder [21]. The 

sensitivity and specificity of this test are 81% 

and 100%, respectively [5] and it elicits nys-

tagmus in patients with vestibular asymmetry 

[5-7]. Studies have shown that the presence and 

direction of VIN in patients with vestibular dis-

order are highly correlated with unilateral weak-

ness in the caloric test [22]. In addition, it can 

be a good complementary test for caloric test 

because caloric test evaluates vestibular system 

at low frequencies, but vibration is a high-

frequency stimulus. Therefore these two stimuli 

together provide comprehensive information 

about vestibular system condition [5]. In addi-

tion to patients with unilateral vestibular invol-

vement, VIN is also seen in 27.78% of healthy 

subjects. This nystagmus in normal subjects has 

special characteristics which can help interpre-

tation of the results of unilateral peripheral ves-

tibular disorder. The first characteristic is the 

direction of nystagmus, which is mostly towards 

the stimulated side in healthy subjects. Dumas 

et al. stated that VIN was not typically seen in 

healthy subjects or if present, it lacked a fixed 

direction. Mastoid and PCMs vibration caused 

nystagmus toward the vibration side [19]. The 

findings of the present study are in agreement 

with their study. Park et al. suggested that VIN 

elicited by sternocleidomastoid (SCM) vibration 

beat toward the non-stimulated side [6]. The 

present study result is not in agreement with 

their results which might be due to this fact that 

SCM vibration is interpreted centrally as a head 

turn toward the opposite side while PCM vib-

ration is interpreted as a head turn toward the 

vibration side. Therefore for SCM stimulation, 

Table 2. Intensity of vibration-induced nystagmus (slow-phase velocity) in normal subjects. Horizontal 

nystagmus is represented by one component (X) and Rotational nystagmus is represented by two 

components (X, Y). (The negative sign (-) indicated right-beating direction in horizontal nystagmi and 

up-beating direction in vertical nystagmi) 

 

  
Horizontal 

nystagmus 
  

Rotational 

nystagmus 
 

Place and frequency vibration 
Side 

vibration (n) 
Mean SPV 

Maximum 

SPV 
 Mean SPV Maximum SPV 

Mastoid vibration with frequency 30 Hz Right side -2.11 -4  (-3, -1.33) (-3, -2) 

 
Left side  

(12 subjects) 
1.9 3  (1, 1) (1, 1) 

Mastoid vibration with frequency 100 Hz Right side -2.17 -5  (2, -2) (3, -3) 

 
Left side  

(20 subjects) 
2.06 4  (-2, 1) (-2, 1) 

PCMs vibration with frequency 30 Hz Right side -0.5 -1  (-1, -1) (-1, -1) 

 
Left side  

(3 subjects) 
0.5 1  0 0 

PCMs vibration with frequency 100 Hz Right side -1.83 -5  (-1, -2) (-1, -2) 

 
Left side  

(7 subjects) 
1.5 3  0 0 

SPV; Slow-phase velocity, PCMs; posterior cervical muscles 
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slow phase of eye movement is toward the 

vibration side, and the fast phase is toward the 

opposite side [23,24]. The second characteristic 

of VIN in healthy subjects is nystagmus stren-

gth. There are few studies on the strength of 

VIN in healthy subjects. Most studies have just 

reported the existence of horizontal nystagmus. 

Studies have not shown any rotational nys-

tagmus. The present study showed that the str-

ength of nystagmus is dependent on the location 

and frequency of stimulation. The strongest was 

seen for 100-Hzmastoid stimulation. The maxi-

mum eye movement velocity in both locations 

and for both frequencies was not beyond 5 

deg/s. 

Dumas et al. suggested that 100-Hz stimulation 

had more effects on the strength of nystagmus 

because it applied more energy to the labyrinth 

(101 dB SPL) and could potentially stimulate all 

labyrinth structures, but 30 Hz had lower energy 

(95 dB SPL) [25]. Besides, the 100-Hz frequ-

ency could stimulate both semicircular canals 

and otolithic organs [19]. The optimum frequ-

ency for otolith stimulation is a little lower than 

100 Hz to 2000 Hz and for semicircular canals 

is 100 Hz to 200–300 Hz [26,27]. The present 

study showed that the probability of nystagmus 

occurrence and its strength for mastoid vibration 

was more than PCMs. This finding is in agree-

ment with Magnusson et al. study results. They 

suggested that vibration transmission was easier 

and stronger through hard mediums compared 

to the soft materials. Therefore, mastoid is a bet-

ter conductive material for transmitting vib-

ration to cerebral fluids and makes stronger  

eye movements with higher amplitudes [28]. 

Kelders et al. mentioned that applying vibration 

on the trapezoid muscle indirectly activated the 

primary end of muscle spindles which brain 

considers this as cervical muscle tension and 

head turn so that it would trigger cervico-ocular 

reflex (COR) and eye movements [29]. On the 

other hand, mastoid vibration activates both 

labyrinths directly and makes phase-locked 

activity in their related irregular afferents and 

initiates VOR [22]. It must be considered that 

COR gain is very low in healthy subjects. The-

refore, VOR has much more gain than COR, 

and VIN for mastoid vibration is more than 

PCMs. Considering VIN characteristics in heal-

thy subjects, VIN is a valuable diagnostic tool. 

Conducting similar studies on patients suffering 

from various vestibular deficits is recommended 

for validating and completing the present study. 

 

Conclusion 

Presenting VIN in healthy subjects by applying 

mastoid stimulation, especially for 100 Hz, is 

more probable than 30 Hz vibratory frequency 

and PCMs location. In these cases, VIN beats 

toward the stimulated side with the strength of 

less than 5 deg/s. This clue can be diagnostic 

criteria for differentiating normal from abnor-

mal subjects. Application of vibration and exa-

mining VIN as a diagnostic tool is promising. 
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