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ABSTRACT 

The semicircular canals are involved in the coding of angular acceleration of the head and body. 

Presently, video-nystagmography (VNG) and specifically, caloric testing, is the gold standard for 

evaluation of semicircular canal function. Caloric irrigation via VNG can only evaluate 

horizontal semicircular canal function; with this test, there is no way to evaluate the function of 

the anterior and posterior vertical semicircular canals. The video Head Impulse Test (vHIT) is a 

relatively new protocol that has the capability to test the function of the horizontal, anterior 

vertical, and posterior vertical semicircular canals. Because the vHIT system is newly available 

to clinicians, there is a need to collect normative data, particularly for the vertical semicircular 

canals. For this study, data was collected from 12 participants with no complaint or history of 

balance difficulty. Additionally, we compared our data with normative data collected in an 

earlier study to determine consistency. Lateral average velocity gain measurements were 

consistent however, a comparison of RALP an LARP velocity gain measurements showed 

inconsistency.  
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INTRODUCTION 

Our vestibular system is involved in the detection and coding of our head and body’s linear and 

angular position and acceleration. The sensory structures responsible for coding of angular 

acceleration are the semicircular canals (SCCs). The SCCs include the horizontal, anterior 

vertical, and posterior vertical canals and are located within the right and left temporal bones in 

our skull. Each of these canals contain fluid that is displaced during angular head or body 

acceleration. Displacement of this fluid causes activation or suppression of sensory structures 

called hair cells located within a structure called the ampulla in each of the canals. The activation 

and suppression patterns generated in these organs by bodily angular acceleration are processed 

in the brain to provide information about our orientation in space. More specifically, as the head 

or body is turned to the right side, the right horizontal SCC is activated while the left side 

horizontal SCC (HSCC) is suppressed (Lorente de Nó, 1933). Activation or suppression of these 

structures alters neural firing patterns of the sensory fibers that project from the hair cells to the 

brainstem and beyond, providing information about our angular head or body acceleration 

(Dieterich and Brandt, 1995).  

 

In selecting a vestibular evaluation test battery, the goal is to independently test the sensory 

structures involved in our vestibular system to determine if each component is functioning 

typically or to locate the site of lesion. Due to the anatomy of the vestibular system, we are often 

unable to directly test these sensory structures. However, we are able to observe the vestibulo-

ocular response (VOR) which can provide us with information regarding the functionality of the 

semi-circular canals. In a normal system, the VOR is elicited with angular head movements. In 

order to maintain gaze on an image, as we turn our head, our eyes move in an equal and opposite 
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motion (Laurutis and Robinson, 1985). However, when there is a pathological insult to one of the 

SCCs, a variety of tell-tale symptoms are seen. The first symptom to manifest is “true” vertigo 

which is described as the feeling of either the patient rotating within an environment or the 

environment rotating around a patient. These symptoms may also be accompanied by nausea or 

vomiting. In acute stages of unilateral peripheral vestibular system insult, the patient may 

demonstrate linear horizontal nystagmus. Nystagmus is defined as a slow phase deviation of the 

eyes in one direction followed by a quick phase movement of the eyes in the opposite direction. 

In linear horizontal nystagmus that occurs as a result of unilateral peripheral vestibular system 

loss, the quick phase eye movement is directed away from the side with the impaired peripheral 

vestibular system. In a test of function, unilateral peripheral vestibular system loss manifests in 

catch up saccades due to an inability to generate the VOR (MacDougall, McGarvie, Halmagyi, 

Curthoys, and Weber, 2013). There are currently 2 methods of assessing VOR; caloric irrigation 

with videonystagmography (VNG) or electronystagmography (ENG) and variations of the head 

impulse test (HIT). 

 

Robert Bárány (1907) first demonstrated activation of the HSCCs with the irrigation of the 

external auditory canal (EAC) with either cool or warm water. The warm or cool water 

introduced into the EAC creates a temperature gradient which ultimately generates a convection 

current that sets the fluid within the HSCC into motion. This is called caloric stimulation. 

Sensory structures on the irrigated side will be stimulated with warm water or suppressed with 

cool water which will create an asymmetry between the two sides and elicit nystagmus. Bárány’s 

discovery led to the current gold standard for evaluating HSCC function with the use of 

videonystagmography (VNG) and caloric irrigation (McCaslin and Jacobson, 2009). Caloric 
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irrigation stimulates the horizontal SCCs with the goal of eliciting nystagmus that can be 

recorded by infrared cameras contained in VNG goggles. The result of caloric stimulation 

recorded with the infrared cameras in the goggles facilitates the evaluation of the left and right 

side HSCCs in isolation, thus allowing for a comparison of their function. An asymmetry 

between the two sides of 20-25% or greater is indicative of pathology. While this has been the 

prevailing method of evaluating HSCC function, there are limitations to this form of testing. For 

patients, the greatest disadvantage of bithermal caloric irrigation is the elicitation of dizziness or 

vertigo in typically functioning HSCCs, which is not tolerated well by many patients. Another 

limitation of note is the test’s inability to measure the response of the central vestibular system to 

peripheral vestibular deficits over time. For this reason, calorics are not sufficient for measuring 

the effects of central compensation on vestibular system function (Bartolomeo et al, 2013; 

McCaslin, Jacobson, Bennett, Gruenwald and Green, 2014). 

 

In recent years, a new test of vestibular function has been introduced which employs a more 

natural method to stimulate the SCCs. The video head impulse test (vHIT) is based on the 

bedside head impulse test (HIT) in which the patient’s head is guided through rapid passive 

movements that are short and unpredictable in direction to elicit the VOR. The patient is 

instructed to keep their eyes fixated on a target, such as the tester’s nose. The tester observes the 

eye movements of the patient to determine if there is pathology (Halmagyi And Curthoys, 1988). 

In a normal system, the patient should be able to maintain their gaze on the target using the VOR 

as their head is moved by the examiner. One major problem with the HIT is the inability to 

quantify the results. One solution was the introduction of scleral search coils that are built into 

contact lenses that the patient must wear so that their eye movements can be tracked when their 
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head is rotated. Scleral search coils however, are not a practical procedure for clinical use 

(MacDougall, Weber, McGarvie, Halmagyi, and Curthoys, 2009). Due to the invasive and 

uncomfortable nature of the search coil contact lenses, the procedure requires the patient’s eyes 

to be anesthetized (Moore, Haslwanter, Curthoys and Smith, 1996). In addition, HIT requires 

very high velocity head rotations for the saccades to be optimally detected, which is not tolerated 

well by patients with vertigo (Weber et al, 2008). vHIT requires lower velocity head rotations 

than a bedside HIT, which translates to a more tolerable procedure for individuals with acute 

vertigo (MacDougall et al, 2009).  

 

The vHIT was introduced as an alternative way of recording and measuring quantifiable results 

of the HIT. vHIT is able to track eye movements using lightweight goggles that contain an 

infrared camera, removing the need for invasive and uncomfortable scleral search coils.  For this 

reason, vHIT is a practical option for clinical use (MacDougall et al, 2009; MacDougall et al 

2013). The measurement that vHIT quantifies is VOR gain, which is the ratio of the eye 

movement compared to the head movement. In a normal system, we would want a 1:1 ratio 

giving us a gain of 1.0, which tells us that the compensatory eye movement is equal and opposite 

in direction to the head movement (McCaslin, Jacobson, Bennett, Gruenwald and Green, 2014). 

Studies have shown that VOR gain results obtained by the vHIT are comparable to those 

obtained during HIT with the use of search coils (MacDougall et al, 2013; Mahringer and 

Rambold, 2014). vHIT is activating the SCCs in a more natural way than VNG. Both SCCs are 

stimulated simultaneously and therefore it is testing the interaction of both HSCCs. In addition, 

vHIT is the first test that has the ability to assess the function of the vertical SCCs rather than 

just the horizontal canals.  



 11 

 

Recent research has investigated the possibility of vHIT as a replacement for bi-thermal caloric 

irrigation. Studies have shown that there is a dissociation between the results of vHIT and those 

of calorics, which may be attributed to the difference in equivalent angular velocity. The 

velocities of eye movements are much slower for responses elicited by calorics but much more 

rapid when elicited by head impulse (Mahringer and Rambold, 2014; McCaslin and Jacobson, 

2009;). In addition, these two methods differ in the mechanism that is used to elicit a response. 

Head impulse causes a physiologic endolymphatic flow, whereas caloric irrigation causes a non-

physiologic endolymphatic flow. This dissociation suggests that vHIT cannot currently be used 

as a replacement for calorics. Rather, vHIT provides useful additional information and can be 

used as a complementary test to calorics (Mahringer and Rambold, 2014; McCaslin et al, 2014; 

Zellhuber, Mahringer and Rambold, 2013).  

 

Since vHIT is a relatively new test, more research is needed to assess the role of vHIT in a 

vestibular test battery and investigate and optimize the technique used to elicit a response. The 

current study investigates the consistency of vHIT results by comparing data collected in this 

study to the results of an earlier study. The goal of this study is to provide some additional 

insight as to the benefit that vHIT serves in assessing vestibular function and the circumstances 

in which vHIT is limited.  

 

METHODS 

Subjects 
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Normative data was collected from participants with no complaints of, or documented balance 

issues. 12 adult participants between the ages of 20 and 64 (M=30, SD =15) were recruited from 

the University of Arizona. Subjects that were younger than 18 years were excluded from the 

study. In addition, subjects with previous conditions that could preclude making measurements, 

such as middle ear dysfunction or canal stenosis, were excluded from this study. 

 

Materials 

The Micromedical Visual Eyes 4 system (VNG) and Interacoustics EyeSeeCam system (vHIT) 

were used to obtain data. Hearing screenings were completed in a quiet room using a Maico MA-

40 Portable Audiometer with TDH-50 supra-aural headphones. 

 

Procedures 

All participants were briefed on the nature of the study and signed informed consent forms. 

Inclusion criteria required participants to have normal results on otoscopy (no occlusion, 

deformities that would preclude caloric irrigation, or tympanic membrane perforations). Hearing 

was screened at 20dB HL bilaterally for 500, 1000, 4000 and 8000Hz. If a hearing loss was 

discovered, thresholds were obtained at those frequencies that were failed in the screening using 

the modified Hughson Westlake Method (Carhart and Jerger, 1959; Hughson and Westlake, 

1944). In addition, if the participant did not pass the hearing screen, tympanometric measures 

were obtained. Those with abnormal tympanometry results were excluded from the study. If the 

hearing loss was determined to be typical (i.e. gently sloping bilateral sensorineural hearing loss 

or noise induced hearing loss), they were accepted into the study. For vHIT testing, participants 

were positioned one meter in front of a dot that was fixed on the wall while seated on an 
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adjustable stool. The stool was adjusted vertically until alignment of the eyes and the dot was 

achieved. The camera on the vHIT goggles was adjusted to keep the participant’s eyes within the 

target frame. Procedures were completed to ensure head and eye movements were properly 

calibrated. For each participant, 15-20 rapid, passive, short, high velocity angular head 

maneuvers were applied. Lateral maneuvers were applied to activate or suppress the horizontal 

SCCs by turning the participant’s head to the left and right along the horizontal plane. Lateral 

head rotation is depicted in Figure 1. Similarly, maneuvers were applied for the right anterior, 

left posterior (RALP) and left anterior, right posterior (LARP) conditions to activate or suppress 

the anterior and posterior SCCs. For RALP maneuvers, the participant’s head was moved to the 

right anterior and left posterior direction at a 45° angle. LARP maneuvers included moving the 

participant’s head to the left anterior and the right posterior directions at a 45° angle. RALP and 

LARP head rotations are demonstrated in Figure 2. 

 

 

 

 

 

 

 

 

Figure 1. Lateral head rotation maneuvers are the method of activating the horizontal 
semicircular canals. Prior to each maneuver, the head is first positioned at 0° azimuth 
(center). Head movements to individual’s right (right) activate the right SCC and 
suppress the left SCC. Similarly, head movements to the individual’s left (left) activate 
the left SCC and suppress the right SCC. 
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Prior to testing, participants were instructed as follows: 

“I will be maneuvering your head to the left and right with quick unpredictable 

movements. Keep your eyes fixed on the dot in front of you. I’ll have you close your jaw 

Figure 2. Right anterior and left posterior vertical SCCs are activated with RALP 
maneuvers. Starting from center (0° azimuth), the head is rotated in the 45° plane 
to the right anterior position (top left) to activate the right anterior SCC and 
suppress the left anterior SCC. Rotations in the 45° plane to the left posterior 
position (top right) activates the left posterior SCC and suppresses the right 
anterior SCC. Left anterior and right posterior vertical SCCS are activated or 
suppressed with LARP maneuvers.  Starting from center (0° azimuth), the head is 
rotated in the 45° plane to the left anterior position (bottom right) to activate the 
left anterior SCC and suppress the right posterior SCC. With rotations to the right 
posterior position (bottom left), the right posterior SCC is activated while the left 
anterior SCC is suppressed. 
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without clenching. Do your best to keep your neck relaxed and try not to anticipate the 

direction of the movements.” 

 

For the caloric test, participants were situated in a reclining chair adjusted such that their head 

was positioned at 30° re: the horizontal plane. This position vertically orients the horizontal 

canals. A cover was placed on the VNG goggles to deny the participant of vision. Warm water 

caloric irrigations at 44°C were applied to the left and right ears consecutively with a 5-minute 

interval between ears. Each irrigation lasted for 50 seconds. Only warm water calorics were 

performed as research has shown warm mono-thermal calorics can provide a greater than 97% 

accuracy in predicting normal bi-thermal caloric responses (Jacobson and Means, 1985). 

Participant data that was unreadable due to difficulty recording or inability of the software to 

acquire a patient’s pupil was excluded. 

 

Analysis 

VNG slow phase velocity comparison between left and right sides were calculated for each 

participant’s caloric irrigation results to determine unilateral weakness. VNG confirmed that our 

subjects had normal horizontal semicircular canal function. Averages for vHIT gains and gain 

symmetry were generated for horizontal, RALP and LARP conditions. For the horizontal vHIT 

maneuvers, the data for 60 ms instantaneous velocity gain was generated and compared to 1-100 

ms velocity regression data. While Interacousitcs EyeSeeCam generates instantaneous velocity 

gain measurements at 40, 60 and 80 ms, our study focused on the 60 ms instantaneous velocity 

gain measurements, as 60 ms is where the peak head velocity occurs (Agrawal et al., 2013). 
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Group averages and standard deviation were then calculated and compared to previous normative 

data.  

 

RESULTS 

For all of our subjects, otoscopy revealed clear ear canals and unremarkable tympanic 

membranes. All participants denied a history of middle ear dysfunction. Of the 12 participants, 

10 participants passed a hearing screening at 20dB HL for the frequencies of 500, 1000, 2000, 

4000, and 8000Hz. For the participants who did not pass the hearing screening, further testing 

was done to determine whether their hearing loss was sensorineural or noise induced and to rule 

out middle ear dysfunction. These data were used in the study, as sensorineural or noise induced 

hearing loss does not affect the results of calorics or vHIT. In addition, there were not any 

balance complaints reported and no spontaneous nystagmus present in any of the participants. 

All VNG and vHIT measures in this group were within normal limits.  

 

vHIT Lateral Gain Results 

Instantaneous velocity gains (40ms, 60ms, and 80ms) and regression velocity gains (1-100ms) 

were generated by the Interacoustics EyeSeeCam. Average right lateral instantaneous velocity 

gains for 40, 60 and 80 ms were 1.188, 1.128, and 1.048, respectively. Average left lateral 

instantaneous velocity gains for 40, 60 and 80 ms were 1.062, 1.129, and 1.074, respectively. 

Average regression velocity gain was 1.114 for the right side horizontal maneuver and 1.12 for 

the left side horizontal maneuver. In a comparison of the 60ms instantaneous measurement for 

average gain and the 1-100ms average gain depicted in Figure 3, there was no statistically 

significant difference between the two measurements (right side t-statistic was 0.25, p>0.05, left 
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side t-statistic was 0.387, p>.05). The range of velocity gains was 0.99 -1.27 for the right lateral 

maneuvers and 1.06-1.21 for the left lateral maneuvers. The average asymmetry between left and 

right lateral maneuvers was 2.667%. The range of average gain asymmetry was 0% - 6% for the 

lateral maneuvers. 

 

 

 

 

vHIT RALP and LARP Results  

For RALP and LARP, average regression velocity gain (1-100 ms) was generated by the 

Interacoustics EyeSeeCam (instantaneous measures at 40, 60 and 80 ms were not provided for 

these maneuvers). For RALP, average regression velocity was 1.158 for right anterior maneuvers 

and 0.943 for left posterior maneuvers. For LARP, average regression velocity was 1.242 for left 

anterior maneuvers and 1.263 for right posterior maneuvers. The range of velocities for the right 

Figure 3. Average gains for left and right lateral maneuvers at 60ms instantaneous 
velocity and 1-100ms velocity regression are shown as a comparison of the two 
measurement methods. There was no statistically significant difference between the two 
measurements. 
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anterior and left posterior maneuvers were 0.79-1.58 and 0.66-1.22, respectively. The range of 

velocities for left anterior and right posterior maneuvers were 0.89-1.65 and 0.91-1.85, 

respectively.  Using a two-sample t-test, it was determined that the RALP average velocity gains 

were not statistically significantly different from the LARP average velocity gains. T-test results 

showed a t-statistic of -2.845, p>0.05. Average gain asymmetry for RALP maneuver was 13.74% 

with a range of 2% to 21%. For LARP maneuver, average gain asymmetry was 6.667% with a 

range of 0% to 31%.  

 

 

 

 

vHIT Comparison with Previous Data 

Data from this study was compared to previous normative data collected by Beebe (2016). Using 

a two-sample t-test, lateral instantaneous velocity gain averages at 60ms for the right side were 

Figure 4. RALP and LARP average velocity gains are shown for right anterior, left 
posterior, left anterior, and right posterior head maneuvers. There was no 
statistically significant differences between RALP and LARP velocity gains.  
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determined and the difference was not statistically significant between our data and the 

previously collected normative data with a t-statistic of -1.11, p>0.05. Lateral instantaneous 

velocity gain averages at 60ms for the left side were determined to not be significantly different 

with a t-statistic of -0.8, p>0.05. Lateral regression velocity gain values for 1-100ms for the right 

side revealed a t-statistic of -0.8195, p>0.05, indicating no statistically significant difference 

between our data and the previously collected normative data. For the left side, lateral regression 

velocity gain values for 1-100ms revealed a t-statistic of -1.198, p>0.05, indicating no 

statistically significant difference. See Table 1. 

 

RALP and LARP average velocity gains from our data were also compared to previous data 

collected using a two-sample t-test. RALP average velocity gains yielded a statistically 

significant difference between the two groups of data with a t-statistic of 6.217, p<0.0001. LARP 

average velocity gains were significantly different between the two groups with a t-statistic of 

5.744, p<0.0001. See Table 1. 

 

 

MANEUVER COMPARISON 

 

T-STATISTIC 

 

P-VALUE 

 

SIGNIFICANCE 

LATERAL RIGHT 60MS -1.11 >0.05 No statistical significance 

LATERAL RIGHT 1-100MS -0.8195 >0.05 No statistical significance 

LATERAL LEFT 60MS -0.8 >0.05 No statistical significance 

LATERAL LEFT 1-100MS -1.198 >0.05 No statistical significance 

RALP 6.217 <0.0001 Statistically significant difference 

LARP 5.744 <0.0001 Statistically significant difference 

 

Table 1. Comparison of data from this study compared to data collected by Beebe 
(2016) using two-sample t-test to determine consistency of vHIT results. 
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DISCUSSION 

Based on our data, we concluded lateral maneuvers yielded consistent results with no significant 

differences between the left and right sides. Our results were not significantly different than the 

lateral gain data obtained by Beebe (2016) indicating that lateral maneuvers can be reliably 

administered without difficulty. As seen in Figure 5, 60ms instantaneous velocity gain and 1-

100ms regression velocity gain is reported as well as graphical representations of the head and 

eye movements during the maneuvers. We compared 60ms instantaneous velocity gain 

measurements to 1-100ms average regression velocity gain. There were no significant 

differences, suggesting both are acceptable methods of measuring gain.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Average gains for 40ms, 60ms, and 80ms instantaneous velocity gains are 
shown in addition to 1-100ms regression velocity gains. In addition, graphical 
representations of eye and head velocity over time are shown.  
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While average asymmetry between the right and left ears were low, there is variability in 

asymmetry particularly with verticals. It is suggested that presence or absence of overt and 

covert saccades which would be a useful marker in addition to comparing gains (Blödow, 

Pannasch and Walther, 2013). RALP and LARP gain comparisons showed no significant 

differences in the data collected in this study; however, in the data collected by Beebe (2016), 

RALP measurements yielded significantly higher gains than LARP measurements. There has 

been evidence that goggle slippage is of concern when performing head turns (McDougall et al, 

2009). Of note, the camera was set on the right side during data collection for the Beebe (2016) 

study. For the current study, the camera was placed on the left side for all maneuvers (laterals, 

RALP and LARP) which may contribute to this difference seen between the two studies. 

Another possible explanation for the difference between the two studies is the tightness and fit of 

the goggles. In a study by Suh et al. (2017), they found that tightening the goggle straps resulted 

in more reliable vHIT recordings and gain calculations and decreased slippage effects. They 

objectively monitored goggle strap tightness using an endotracheal tube cuff manometer with the 

cuff placed between the back of the head and the vHIT goggle straps. Their results suggest that a 

method or device for regulating the strap tightness may be beneficial for future studies and for 

future clinical use.  

 

Statistically significant differences were seen in the current study data for all RALP and LARP 

maneuvers (right anterior, left posterior, left anterior, right posterior) when compared to Beebe 

(2016) data. While all gain measurements were within normal limits for each participant, these 

results suggest that RALP and LARP maneuvers are inconsistent. Figure 6 shows example vHIT 

recordings for RALP and LARP. The RALP and LARP recordings do not produce as consistent 
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results as we see in lateral results.  We partially attribute inconsistent results to goggle slippage. 

As mentioned above, the placement of the camera may play a role in the significant difference 

found for the RALP and LARP velocity gains. Future research to further explore camera 

placement is needed to determine to what extent the placement of the camera affects the results, 

if there is a side that has less slippage, or if changing the placement of the camera depending on 

the maneuver will reduce some of the inconsistency. Another possible source of the difference in 

RALP and LARP velocity gains is inconsistency in technique. A disadvantage of vHIT for 

clinicians is that it requires practice in order to acquire and refine the technique necessary to 

obtain consistent results. This is not the case for VNG/caloric testing, as clinicians are able to 

complete these tests even with a relatively short practice period (a few days).  

 

 

 

 

 

 

 

 

While our results showed significant differences between our RALP and LARP velocity gains 

when compared to the results from the Beebe (2016) study data, there is currently a lack of 

research that includes results from these maneuvers due to the difficulty to acquire consistent 

results. In addition, a shortcoming of our study is the small sample size. Ideally for future studies 

Figure 6. Graphical representations of RALP (left two graphs) and LARP (right two graphs) 
depicting eye and head velocity over time for a participant. 
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we would want to recruit a larger sample population to increase reliability of results. Continued 

replication of RALP and LARP comparisons are necessary in order to gain a better 

understanding.  
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