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The dynamic visual acuity test (DVAT) is a functional evaluation tool for
the impairment and compensation of the vestibular system, which could
reflect the Vestibulo-ocular reflex (VOR) function. We present an overview
of DVAT research, displaying recent advances in test methods, application,
and influencing factors; and discussing the clinical value of DVAT to provide
a reference for clinical application. There are two primary types of DVAT:
dynamic-object DVAT and static-object DVAT. For the latter, in addition to
the traditional bedside DVAT, there are numerous other approaches, including
Computerized DVAT (cDVAT), DVAT on a treadmill, DVAT on a rotary, head
thrust DVA (htDVA) and functional head impulse testing (fHIT), gaze shift
dynamic visual acuity with walking (gsDVA), translational dynamic visual
acuity test (tDVAT), pediatric DVAT. The results of DAVT are affected by
subject [occupation, static visual acuity (SVA), age, eyeglass lenses], testing
methods, caffeine, and alcohol. DVAT has numerous clinical applications,
such as screening for vestibular impairment, assessing vestibular rehabilitation,
predicting fall risk, and evaluating ophthalmology-related disorders, vestibular
disorders, and central system disorders.

KEYWORDS

dynamic visual acuity test (DVAT), Vestibulo-ocular reflex (VOR), vestibular disorders,
dynamic visual acuity (DVA), static visual acuity (SVA)

Introduction

Dynamic visual acuity is the ability to discriminate fine details of dynamic objects
during head fixation or in static objects during head or body rotation (1). DVAT is
a functional evaluation tool for the impairment and compensation of the vestibular
system. DVAT mainly consists of two types: dynamic-object DVAT, in which the observer
identifies dynamic objects with a stationary head, and static-object DVAT, in which the
observer identifies static objects with a moving head (1). When the head movement
frequency is >2 Hz, the VOR system is activated (2), which generates compensatory
eye movements in the opposite direction of the head movement to maintain stable
vision. When the patient has severe vestibular dysfunction or inadequate vestibular
compensatory capacity, the visual image slips on the retina, resulting in a loss in dynamic
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visual acuity, leading to oscillopsia, dizziness, and nausea. This
is the fundamental idea underlying the evaluation of vestibular
function by DVAT, which can be viewed as a quantitative test of
this phenomenon.

Static visual acuity (SVA)

Visual acuity is the capacity of the eye to distinguish fine
details. SVA is defined as the capacity to detect the details of
stationary objects whose image is formed on the retina when the
subject being evaluated is also stationary. SVA is one of the most
frequently used clinical tests for visual acuity. The levels of visual
acuity on a visual acuity chart are typically expressed as the Log
of the Minimum Angle Resolvable (LogMAR). LogMAR units
describe the size of an image based on a ratio of its absolute size
to its distance from the eye. Using only SVA to evaluate visual
system is inadequate for two primary reasons (3): Many of the
visual stimuli to which we must respond in daily life and many
sports are frequently in motion; the SVA tests refer to letters
or symbols that are commonly exhibited under conditions of
maximum contrast (black on white), which is rarely encountered
in the various scenarios of everyday life. Therefore, DVA is an
essential component of a comprehensive clinical assessment in
addition to SVA.

DVAT methods

Currently, there are various methods of DVAT, but the basic
principle remains the same: to access the VOR function by
comparing the difference between DVA and SVA. The dynamic
visual acuity loss (DVA loss) is calculated as the difference
between DVA and SVA.

Static-object DVAT

Bedside DVAT (or non-instrumented DVAT)
Bedside DVAT is a traditional test method, with detailed
descriptions reported previously. In brief, the SVA test was
performed under static head movement first, using the Snellen
visual acuity chart, Landolt C visual acuity chart, or standard
logarithmic visual acuity chart. Then the DVA test was
performed with the subject rotating his head either actively or
by the examiner. The subject’s visual acuity was determined to be
readable for 50% and above the line of the visual acuity chart, i.e.,
they could see the lowest line of the visual acuity chart. The DVA
loss was calculated by subtracting SVA from DAV. Generally,
DVA decreased by no more than three lines on the visual acuity
chart compared to SVA or by no more than 0.2 & 0.08 log MAR;
exceeding these ranges often indicates impaired VOR function.
Another method was to ask the subject to identify the
optotypes that appear 1 in 1 second when the head is turned.
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FIGURE 1

Optotype keypad. Dynamic visual acuity instrument developed
by Shanghai ZEHNIT Medical Technology Co., Ltd., Shanghai,
China.

The visual acuity was calculated by the number of correct read
optotypes. This method was more sensitive in assessing small
changes in visual acuity. However, the traditional DVA test did
not specify head movements” amplitude, speed, and frequency.
When testing DVA, subjects involuntarily slowed down their
head movements to see the optotypes clearly (4, 5), resulting
in smooth pursuit rather than eliciting VOR (5). The reliability
of the examiner and intra-examiner was also poor for assessing
subjects with vestibular hypofunction (6).

Computerized DVAT (cDVA)

A computerized DVAT with a rate sensor to control the head
velocity and software to control when the optotype is presented,
thus increasing its validity (7).

When performing cDVA, the subject wore a velocity sensor
on his head and held a keypad to select the visual optotype’s
direction (Figure 1). The optotypes letters “E”/“C” appeared
on the computer monitor with different opening directions
when the subject performed a sinusoidal movement of his head
in the horizontal or vertical direction (Figures2, 3) with a
velocity between 120 and 180°/s for more than 40 ms (8, 9). The
optotypes decreased by 0.1 LogMAR per line (5).

The velocity of head movement of the cDVAT test was
tolerable for most subjects and avoided the problem of subjects
remembering the paper version of the visual acuity chart, which
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FIGURE 2

Select the optotype and set the parameters. Dynamic visual
acuity instrument developed by Shanghai ZEHNIT Medical
Technology Co., Ltd., Shanghai, China.

avoided the disadvantages of traditional DVAT and improved
the accuracy of the test (10). DVA could be significantly
improved by patients’ vestibular function rehabilitation (7). So
cDVAT can be used to assess the degree of vestibular dysfunction
and also to determine rehabilitation treatment goals (5) and has
been widely used to evaluate the recovery of gaze stability in
patients with unilateral and bilateral vestibular disorders (11).
In a healthy population, the intra-group correlation
coefficient (ICC) for ¢cDVAT was 0.87 (>0.75 means better
confidence), while in the vestibular dysfunction group, the intra-
group correlation coeflicient was 0.83 with a sensitivity of 94.5%
and specificity of 95.2% (7); the sensitivity of the head during
vertical movements was only 37.5% with a specificity of 90% (5).

DVAT on a treadmill

Subjects were first tested for SVA while standing on the
treadmill and then for DVA while walking at 2, 4, and 6 km/h,
respectively. A safety rope attached to the emergency brake of
the treadmill was tied around the subject’s waist to ensure safety.
A chart of Sloan letters (CDHKNORSVZ, ten in total), which
consisted of lines of 5 randomly chosen letters, was displayed on
a monitor 2.8 m away from the subject. Five randomly selected
letters by the computer for each line of sight (the five letters
appeared in sequence) if the subject could read two letters
accurately and proceeds to the following line (the size of the
optotypes is decreased by 0.1 LogMAR).
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FIGURE 3

The patient rotated her head to the left/upward passively.
Dynamic visual acuity instrument developed by Shanghai
ZEHNIT Medical Technology Co., Ltd., Shanghai, China.

Subjects were first tested for DVA at a walking speed of
2km/h, after which they continued to measure DVA at 4 km/h.
The test ended when subjects were unable to walk at higher
speeds; subjects were excluded if they were unable to walk at
2km/h on a treadmill (12). It was found that the sensitivity
of the DVAT to discriminate patients with bilateral vestibular
hypofunction (BVH) was 76% when testing the DVA at a walking
speed of 2km/h only and increased to 97% when measured in
combination with speeds of 2, 4, and 6 km/h (13). The DVAT
on a treadmill could better reflect the visual acuity change
during vertical head movement in daily life. However, the test
is challenging for those with BVH and the elderly (12).

DVAT on a rotary chair

The DVAT on the rotary chair (10) can be used to detect the
effect of the horizontal semicircular on the VOR, which includes
a steady-state sinusoidal test and a transient test. The test was
performed with the subject’s head and torso fixed in the rotary
chair at a distance of 6 m. Measurements were made using the
letter “E” optotype. A dark red laser dot was used to project the
position of the optotype to control gaze when the optotype was
not present.
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During steady-state testing, the rotary chair was rotated
at a frequency of 2Hz sinusoidally at a peak velocity of 10,
20, 40, 70, 100, and 130°/s. The optotype “E” was presented
only when the velocity reached 80% of the peak. In transient
rotation testing, the subject was rotated at 1,000, 1,600, and
2,800°/s peak accelerations of the rotary chair. The optotype
“E” was presented when the head started to rotate for 50 ms
and lasted for 300 ms. The transient rotation test consists of
both predictable and unpredictable conditions. For predictable
transients, each peak acceleration transmits 40 transients to the
right or left in a period of 100s. For unpredictable transients,
there are 60 unpredictable sudden rotations in each direction for
each head peak acceleration within a total interval of 150, half
in each direction. The rotary chair test is not commonly used in
clinical practice due to cost and space requirements (14), and the
search coil technique and local anesthetic used may cause vision
damage during testing (15).

Head thrust DVA (htDVA) and functional head
impulse testing (fHIT)

Schubert et al. (16) invented a novel method known as
htDVA to assess the function of individual semicircular canals.
DVA was tested using transient, unpredictable, SCC-plane
head thrusts rather than the active head rotation paradigm
traditionally used. Some researchers (9, 15, 17-19) used the head
impulse testing device-functional test (HITD-FT), also called
functional head impulse testing (fHIT), to evaluate the DVA
of patients during passive head movements in the horizontal
direction (e.g., Figure 3).

Subjects wearing a head-mounted acceleration detector were
first tested for SVA. 0.8 LogMAR was then added to the SVA,
and subjects were requested to observe the line of the visual
acuity chart that was eight lines larger than the SVA, with 10
to 20 effective pulses in both the left and right directions. The
subject’s head motion amplitude ranged from 10 to 20°, and
the pulse direction and timing were randomized to avoid the
expected catch-up saccade. When the acceleration reaches 3,000
to 6,000°/s of effective pulses, the display will show the Landolt
C optotypes (the letter “C” has eight directions), which has a
duration of 33 ms each time. The fHIT calculates the correct
answers (CA%) of the optotypes, which can exceed 98% in
normal subjects (9). The test may also be used to plot the curve
of head movement and eye movement velocity over time to
understand the effect of VOR gain and covert saccade on DVA
results. Consequently, its positive detection rate is greater than
that of other tests (18, 19).

Gaze shift dynamic visual acuity with walking
(gsDVA)

The gsDVA test, modified based on the traditional cDVA,
now includes a gaze shift component. Chen et al. (11) measured
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SVA, gsDVA in stance (gsDVAs), and gsDVA with walking
(gsDVAw) in healthy subjects and patients with unilateral
vestibulopathy (UVH), respectively. The gsDVAw has some
significant advantages over the conventional measure of cDVA.
The gsDVAs and gsDVAw were measured using three monitors,
with the middle monitor appearing randomly as an arrow to the
left or right, and the subject turning his head 60° in the direction
of the arrow as fast as possible to look at the optotype “E” on
the second monitor. The subject then read the direction of the
letter as rapidly as possible. The letter’s direction remained on
the screen until the investigator recorded the response. Once
the response was recorded, the letter disappeared from the side
screen, signaling the subject to return the gaze to the central
display and wait for 2's before the arrow randomly guided the
next head rotation. The gsDVAw was performed by the subject
on a treadmill at an appropriate speed, and the rest was similar to
the gsDVAs. The gsDVAw tests the patient’s visual acuity while
walking with head rotation, which is closer to daily life. GSDVAw
can distinguish patients with UVH from healthy controls and is
regarded as a more realistic measure of gaze stability than the
cDVA test.

Translational dynamic visual acuity test (tDVAT)

The methods mentioned above are rotational dynamic visual
acuity (rDVAT), which assesses the effect of the semicircular
canal on the VOR; another test is the translational dynamic
visual acuity test (tDVAT), which evaluates the effect of the
otolithic organ on the VOR. The tDVAT includes horizontal
and vertical forms of movements (20, 21). The patient’s body
and head are fixed to the examination device, and the test
distance is generally within 30 cm, with a horizontal or vertical
displacement. Before the optotype on the monitor appears, a
“cross” shaped target appears in this location to ensure that the
patient is always fixed at the position of the optotype during the
movement. A study of healthy subjects showed that tDVA values
were worse than rDVA values, and tDVA in the vertical direction
was worse than tDVA in the horizontal direction (21).

Pediatric DVAT

The pediatric DVAT has been developed and used for years
(22-24), showing both reliability and validity. But it has not
been studied as wildly as that in adults. Unlike tests for adults,
pediatric DVAT typically uses a limited set of letters (H, O,
T and V) or common shapes (i.e., Lea vision chart: house,
apple, window, ring, circle, square), posted on a 15-line version
optotype chart. The positive and negative predictive values,
sensitivity, and specificity of pediatric DVAT for detecting
children with vestibular hypofunction range from 63 to 100%
(22, 25).
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The vestibular system may not be developing adequately in
children under 6 years of age, which could account for the false-
positive results at 2 Hz. But it appears that this interaction is
mature enough to be exploited in a walking task by the age of
five. Vervecque et al. (26) found DVAT on a treadmill useful
for preschoolers of age 5. Rine et al. (23) showed that hDVA is
reliable for children as young as 3 years, with excellent screening
for vestibular hypofunction. In addition, it is interesting to note
that DVA in children with sensorineural hearing, and children
with cochlear implants were also decreased (27, 28).

Dynamic-object DVAT

Redondo et al. (29) examined subjects with heads stationary
to look at a monitor 4 m away and measured the DVA for two
conditions: the horizontal left-to-right sliding of the optotype
“E” at 5, 10, 20, 30°/s, and random appearance (random
Brownian motion). Each optotype was displayed for a maximum
of 20s during the test. Optotypes of the same size were
measured five times, beginning with letters of 0.8 LogMAR
in size. When the subject had three correct identifications,
the optotypes decreased by 0.1 LogMAR; when <3, the visual
acuity corresponding to that optotype was the subject’s final
visual acuity.

Another study (30) designed a novel DVA system capable
of measuring DVA in the presence of predictable, random, and
jittering target motion. When measuring DVA, the optotypes
on the monitor were presented for a maximum of 16s with
horizontal, vertical, oblique, or random movement. This DVA
system was shown to closely agree with the early treatment
diabetic retinopathy study (ETDRS)visual acuity chart (ICC =
0.726), and the retest reliability was good.

The Dynamic-object DVAT mainly reflects a smooth pursuit
ability and is commonly used for visual acuity evaluation of some
athletes tracking balls.

Clinical applications

Vestibular disorders assessment

DVAT can be used to assess vestibular disease by stimulating
the peripheral vestibular organs and the corresponding signaling
pathways, where impairment of these can lead to a decrease
in DVA. The DVAT evaluation of UVH, Benign Paroxysmal
Positional Vertigo (BPPV), and vestibular neuritis (VN) is based
on this principle.

Vestibular hypofunction

In some related studies (5, 11), for UVH patients (n =
168), the affected side DVA was worse than the healthy side (p
< 0.001), while the asymmetry was not found in most BVH
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patients; secondly, both UVH and BVH patients had worse DVA
than normal subjects. As a result, this asymmetry may help
to distinguish between UVH and BVH patients, as well as the
healthy/affected side of UVH patients.

BPPV

A study (31) evaluating DVA in horizontal and vertical
directions in patients with horizontal and posterior semicircular
BPPV found that BPPV patients had worse DVA than healthy
subjects (p < 0.01). However, it is unclear whether this was due
to vertigo symptoms or abnormal vestibular function. Neither
horizontal nor vertical DVAT could distinguish between the
affected and healthy sides of the patients.

VN

The study by Viciana et al. (32), which included patients
with unilateral vestibular neuritis and healthy subjects, evaluated
the three semicircular canal functions using htDVA in the
horizontal and vertical directions, respectively. The results
indicate that htDVA has low sensitivity (22%) and high
specificity (85%), making it potentially helpful in monitoring
vestibular rehabilitation and DVA in patients with VN.

Ophthalmic diseases assessment

Currently, DVATs are used to evaluate patients with
ophthalmic diseases such as cataracts, optic neuritis, and
glaucoma (33).

Cataract

Cataract is a prevalent ocular disorder with a cloudy
area in the lens of the eye that leads to vision loss. Several
studies (34, 35) have shown that dynamic visual motion
significantly impacts age-related cataract patients, and DVA can
be remarkably improved after phacoemulsification combined
with Intraocular lens (IOL) implantation surgery. It has more
significant advantages over traditional SVAT in evaluating the
visual function during driving and exercising.

Optic neuritis

Optic neuritis is one of the most prevalent clinical features
in multiple sclerosis that results in acute visual acuity decrease.
The demyelination of optic nerves causing reduced projection
rate along the visual pathways might be detected by DVAT (36).
As compared with SVAT, DVAT may be more appropriate to
quantify projection latencies caused by demyelination because
the generation of DVA requires a sufficient amount and velocity
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of visual input projection, while SVA only depends on the
amount (36, 37).

Glaucoma

Glaucoma is characterized by progressive degeneration and
death of retinal ganglion cells. The moving-optotypes DVAT
using high temporal frequency optotypes has potential clinical
value in the earlier detection of functional defects in glaucoma
(38, 39).

Finally, it is essential to note that the current study showed
that htDVA does not help diagnose superior canal dehiscence
syndrome (SCDS) (8). Janky et al. (8) showed that SVA and
active DVA are not significantly affected in SCDS patients after
surgical canal plugging. However, postoperative htDVA was
reduced considerably in the SC plane on the affected side,
and this reduction persisted beyond 6 weeks. This may be a
permanent effect of surgical occlusion.

Evaluation of central system disorders

DVAT can assess central system disorders such as cerebral
concussion, multiple sclerosis (MS), and cerebellar ataxia (CA).

Cerebral concussion

Gottshall et al. (40) determined that patients with acute
traumatic brain injury (TBI) scored higher on DVAT compared
to healthy controls. They recommended the DVA test as an
outcome measurement tool in assessing TBI patients.

Athletes are often prone to concussions from intense
exercise and should undergo DVAT early to help initiate
vestibular rehabilitation exercises for patients as soon as
possible to avoid delayed recovery (41). Pediatric patients with
concussions require longer recovery times compared to adults.
Zhou and Brodsky (42) found DVA abnormalities in 57% of
children with sports-related concussions with dizziness and
balance disturbances, which suggests that high-frequency VOR
injury may be the primary cause of dizziness in children.

MS

About 70% of MS patients may have brainstem injury,
and 87% have abnormal brainstem reflexes (43), leading to
abnormalities in their VOR mediated by brainstem pathways
and thus abnormal DVA. Compared to healthy controls of the
same age, dDVAT levels in MS patients were 2.5 times worse
(44). Mariago et al. (43) evaluated MS patients using GST
with ¢cDVAT. It was found that both tests could distinguish
MS patients from the healthy population, but the cDVAT was
unable to distinguish the degree of functional impairment in
MS patients.
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CA

One study (45) found a decrease in DVA of up to 84% in
CA patients, mainly associated with impaired VOR, and only
marginally to the degree of ataxia. CA patients with concomitant
vestibular impairment showed a similar decrease in DVA as BVH
patients. However, DVA impairment was also seen in patients
with CA who lacked a severe vestibular lesion (45), indicating
the involvement of central mechanisms such as the impairment
of central adaption of VOR. The evaluation of DVA in patients
with progressive CA could offer information to target vestibular
and oculomotor rehabilitation.

Migraine

A recent study (46) found that migraine patients had
significant DVA loss as compared with control subjects in four
positions (left DVA, right DVA, up DVA, and down DVA,
respectively. These abnormal DVA findings may be due to
impaired VOR reflex and visuo-vestibular cortical interactions,
which could explain the pathophysiology of head movement
hypersensitivity and visual motion sensitivity encountered
by migraine patients. Given this finding, oculomotor and
gaze stability exercises that improve VOR gain may be
a promising therapeutic option that could decrease head
movement hypersensitivity and visual motion sensitivity and
reduce the frequency of migraine attacks.

Evaluation of the effects of vestibular
rehabilitation

The DVAT is frequently used to evaluate the effectiveness
of vestibular rehabilitation in patients during active head
movements (17, 47). UVH patients who underwent vestibular
rehabilitation exercises showed a significant improvement in
DVA during active head movements (P < 0.01), whereas patients
who underwent placebo exercises showed no improvement (P
= 0.07) (48). Vestibular rehabilitation exercises also improved
DVA in patients with BVH (5). Additionally, fHIT was also used
to assess compensations of the acute phase and 3 months after
the onset of VN (19). Several studies have also used cDVAT to
evaluate the effect of gaze stabilization exercises (49).

In addition, DVAT can also assess the effect of the vestibular
implant (VI) on gaze stabilization in BVH patients. According
to one study (50), when the vestibular implant system was open,
the difference between SVA and DVA in BVH patients was 0-0.16
LogMAR. This implies that DVA can approach normal values
in patients with VI and indicates that VI has good prospects
for application (50). Because of the close relationship between
DVA and ball sports (e.g., basketball, soccer, volleyball, table
tennis, etc.), DVA is also commonly used to evaluate the effect
of physical activity on improving visual acuity (1).
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Prediction of fall risk

The coordination of visual, proprioceptive, and vestibular
senses is essential for maintaining body balance. When the VOR
pathway is impaired, patients especially those with BVH, may
experience oscillopsia and be at risk of falling if they rely only
on proprioception (51). Age-related decline in balance function
is accompanied by vestibular impairment, seen in three-quarters
of seniors who needed fall risk assessments. This suggests that
vestibular impairment may contribute to the risk of falling in the
elderly (52).

Hall et al. (51) combined the dynamic gait index (DGI) and
DVA scores to construct a model that could predict the risk of
falls in patients with UVH. The patient’s DGI and DVA scores
were brought into the formula to derive the patient’s fall risk,
and the sensitivity and specificity of the model were 77 and
90%, respectively. Honaker and Shepard (53) used the DGI score
(DGI < 19 as susceptible to falls) as the gold standard in a
screening study of 16 patients with a history of falls. When the
DVAT value was >0.25 LogMAR, it suggested the need to assess
patients for fall risk with a sensitivity and specificity of 92 and
61%, respectively. Bayan et al. (47, 54) also suggested the DVAT
as an additional means of assessing the risk of falls in patients

with mild cognitive impairment.

Influencing factors

Subjects

Age

The relationship between age and DVA is unclear. It has
been suggested that age has a negative effect on DVA in both
healthy people and patients with vestibular dysfunction, i.e.,
the DVA will get worse as one gets older (5, 7, 8, 32, 55-57)
and that DVA is more degenerated than SVA (58). It has also
been suggested that DVA remains stable until the age of 50
and begins to decline after that (24, 59). The possible reason
for this is the physiological degeneration of neuronal function
in the vestibular nuclear complex (59). However, other studies
did not find a correlation between age and DVA in patients
with UVH/BVH (11, 55). Therefore, the relationship between
age and DVA in patients with vestibular dysfunction needs
further investigation.

Occupations

In one study, the DVA of water polo players (58) and soccer
players (60) was compared to the DVA of the general population
and showed that the DVA of athletes was better than that of
the general population. Additionally, the DVA varies between
occupations and even within the same occupation. For instance,
water polo players have a DVA of about 0.5 (61), while among
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soccer players, goalkeepers have the best DVA (0.82) and strikers
have the worst DVA (0.62).

SVA

Some studies suggested that DVA is possibly dependent
on SVA. This might be related to the difference in focusing
with different SVA. Poorer SVA can cause the defocus of the
retinal image, which affects DVA (62). SVA is mainly related
to the power of ocular resolution, while DVA is also closely
related to the functionality of the oculomotor system. Nakatsuka
et al. (62) examined 42 subjects with normal visual acuity and
demonstrated a strong correlation between SVA and DVA (r =
0.87, P < 0.001).

However, the correlation between DVA and SVA was not
significant, according to a different study (63), probably because
SVA is related to the discriminative ability of the eye, whereas
DVA is related to VOR function. It is common to find significant
individual differences in DVA in subjects with similar SVA (64).

Weissman and Freeburne (65) examined the relationship
between DVA and SVA in 30 female college students with
Landolt C scopes at six speeds (20, 60, 90, 120, 150, and
180°/s). The results showed a significant linear relationship
between DVA and SVA at the first four speeds (P < 0.01).
However, the distribution range of SVA was different, and the
linear relationship between the two was different; the linear
relationship between the two disappeared at the latter two speeds
(P > 0.09). The correlation between DVA and SVA is usually
low and inversely proportional to the speed of stimulation.
Therefore, the different conclusions reached by the various
studies may be due to the different speeds of the movement.

Subjects’ eyeglass lenses

Eyeglass correction may have an impact on DVA because
of peripheral defocus and prism effects, which result in unclear
and skewed images in the peripheral region. The subjects
DVA declined with increasing diopter (66, 67). Multifocal
contact lenses reduced these effects, resulting in better DVA in
subjects compared to regular glasses, but the difference was not
statistically significant (p = 0.4) (67).

Testing methods

Several studies (5, 17, 48, 68) have indicated that patients
with active htDVAT have higher DVA values than those with
passive htDVAT. This might be due to the activation of
the cervico-ocular reflex when patients actively perform head
movements (15) and a shorter latency for the appearance of
covert saccades, which reduces the slipping time of the optotype
on the retina (17, 68, 69). As a result, some researchers have
suggested that measurements performing passive head rotation
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are closer to the true DVA values (13, 16, 21), while others
have suggested that active head rotation in patients is more
consistent with daily life (17). Therefore, some researchers
believe that measurements during passive head rotation of
patients are closer to the true DVA wvalues (13, 16, 21).
In contrast, others believe that measures during active head
rotation of patients are more comparable to daily life (17).
In addition, because of saccade suppression, the shorter the
appearance time of the optotype on the monitor, and the faster
it moves, the worse the DVA results. The linear relationship
between visual acuity and angular velocity of the optotype is
Y = a + bX (30, 58). The time of optotype appearance has
a more significant effect on DVA compared to the movement
velocity (63). Regarding movement track, horizontal movement
of the optotype gets better DVA results compared to tilted
movement (58).

Roberts and Gans (70) showed that the sensitivity and
specificity of the vertical DVAT (vDVAT) were 42.4 and 93.8%,
respectively, and the horizontal DVAT (hDVAT) were 66.7
and 86.2%, respectively. However, the accuracy of these two
DVAs did not have a significant difference, 76.5 and 79.6%,
respectively (70). Another study revealed that vDVAT was
<55% accurate in identifying patients with abnormal vestibular
function vs. those with dizziness but normal vestibular function
(with 23.1% accuracy for UVH and 54.5% accuracy for BVH),
whereas hDVAT was more than 90% accurate in identifying
both (with 93.1% accuracy for UVH and 96.1% accuracy
for BVH) (59). The difference between vDVA and hDVA
may relate to the detection of the acceleration signal. Both
studies suggest that hDVAT is more sensitive and accurate
compared to VDVAT. The reason for this may be that the
bilateral vertical semicircular canals are able to complement
each other during vDVA testing, making it easier to maintain
visual field stability and thus less likely to detect dysfunction.
In contrast, only the unilateral horizontal semicircular canals
perceive head motion acceleration during hDVA testing, which
is not conducive to maintaining visual field stability, thus
making it simpler to detect dysfunction on the affected
side (59).

Caffeine and alcohol

Caffeine also influences vision, as it increases eye movement
speed and contrast sensitivity (71). A randomized controlled
study analyzed the effects of caffeine on DVA (29). The
study was conducted on a population with low levels of
coffee intake (2 cups of espresso per day). The test and
control groups consumed 4 mg/kg of caffeine and placebo,
respectively, and were then measured for DVA after 60 min
of consumption, ie., the acute effects of caffeine on DVA.
The study measured the visual acuity and reaction time of
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the subjects and found that caffeine consumption increased
the DVA values in horizontal and random directions and
shortened the reaction time of the subjects to horizontal
motion optotypes in a short period of time. However, the
effect of high levels of caffeine intake on DVA has not
been studied.

Alcohol affects the nervous system and
The degree of DVA loss subjects
intake although ~ SVA

(72). This is associated with
of the
systems after alcohol intake, especially the reduction of
VOR function.

cognitive

function. in after

alcohol increases, remains

unchanged reduced

responsiveness oculomotor and  vestibular

Discussion

DVAT is a safe and effective screening method for VOR
function. Studies have demonstrated that the DVAT can be
used to screen for vestibular impairment, assess vestibular
rehabilitation, assess ophthalmology-related disorders, evaluate
central system disorders, and screen athletes and pilots. DVAT
can also be complemented with other vestibular function tests
for a comprehensive evaluation. As a diagnostic tool, the DVA
test should be used with caution since the test score reflects
central compensation for vestibular dysfunction and, therefore,
is not a pure measure of peripheral vestibular function.

Nowadays, clinicians increasingly realize the significance of
the DVAT, which was recommended as a standard diagnostic
evaluation tool for vestibular diseases in some worldwide clinical
guidelines and consensus (73, 74), and was chosen by the NIH
Toolbox as an assessment of the vestibular system’s contribution
to gaze stability (23).

However, there is still a lack of studies with large samples to
define DVAT’s criteria, application indications, abnormal values,
and specific applications in different diseases. The prospective
clinical applications of DVAT are expansive.

Future studies on the role of DVAT in the diagnosis and
treatment of various diseases are needed to explore more
effective testing methods and better clinical applications.

Author contributions

GC: study concept and design, study supervision, and
manuscript writing. JZ: study concept and design, collection
and analysis of relevant literature, and manuscript writing and
revision. QQ: collection and analysis of relevant literature and
manuscript writing. LZ: manuscript reviewing and manuscript
revision. YL: study concept and design and collection and
analysis of relevant literature. JY and JW: collection and analysis
of relevant literature and create figures. HH: critical revision of

frontiersin.org


https://doi.org/10.3389/fneur.2022.1047876
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Chen et al.

the manuscript for important intellectual content. All authors
contributed to the article and approved the submitted version.

Funding

This work was supported by Shanxi Province Medical Key
Scientific Research Project (2020XM13) from Shanxi Provincial
Health Commission.

Conflict of interest

The authors declare that the research was conducted in
the absence of any commercial or financial relationships

References

1. Palidis DJ, Wyder-Hodge PA, Fooken J, Spering M. Distinct Eye
Movement Patterns Enhance Dynamic Visual Acuity. PLoS One. (2017)
12:¢0172061. doi: 10.1371/journal.pone.0172061

2. Verbecque E, Van Criekinge T, Vanloot D, Coeckelbergh T, Van de Heyning
P, Hallemans A, et al. Dynamic visual acuity test while walking or running
on treadmill: reliability and normative data. Gait Posture. (2018) 65:137-
42. doi: 10.1016/j.gaitpost.2018.07.166

3. Quevedo L, Aznar-Casanova JA, Silva J. Dynamic visual acuity. Trends in
Psychol. (2018) 26:1267-81. doi: 10.9788/TP2018.3-06Es

4. Bhansali SA, Stockwell CW, Bojrab DI. Oscillopsia in patients with loss
of vestibular function. Otolaryngol Head Neck Surg ] Am Aca. (1993) 109:120-
5. doi: 10.1177/019459989310900122

5. Herdman S]. Computerized dynamic visual acuity
assessment of vestibular deficits. Handbook Clin Neurophysiol.
9:181-90. doi: 10.1016/S1567-4231(10)09014-3

6. Cochrane GD, Christy JB, Kicker ET, Kailey RP, England BK. Inter-rater and
test-retest reliability of computerized clinical vestibular tools. J Vestibul Res Equilib
Orient. (2021) 31:365-73. doi: 10.3233/VES-201522

7. Herdman SJ, Tusa RJ, Blatt P, Suzuki A, Venuto PJ, Roberts D. Computerized
dynamic visual acuity test in the assessment of vestibular deficits. Am J Otol.
(1998) 19:790-6.

8. Janky KL, Zuniga MG, Ward B, Carey JP, Schubert MC. Canal plane dynamic
visual acuity in superior canal dehiscence. ] Am Otol Soc Am Neurotol Soc Eu Aca
Otol Neurotol. (2014) 35:844-9. doi: 10.1097/MAO.0000000000000336

9. Ramat S, Colnaghi S, Boehler A, Astore S, Falco P, Mandala M, et al. A Device
for the functional evaluation of the vor in clinical settings. Front Neurol. (2012)
3:39. doi: 10.3389/fneur.2012.00039

test in the
(2010)

10. Tian JR, Shubayev I, Demer JL. Dynamic visual acuity during transient
and sinusoidal yaw rotation in normal and unilaterally vestibulopathic humans.
Experimental Brain Res. (2001) 137:12-25. doi: 10.1007/5002210000640

11. Chen PY, ]heng YC, Huang SE, Po-Hung Li L, Wei SH, Schubert MC,
et al. Gaze shift dynamic visual acuity: a functional test of gaze stability that
distinguishes unilateral vestibular hypofunction. J Vesti Res Equilib Orient. (2021)
31:23-32. doi: 10.3233/VES-201506

12. Starkov D, Snelders M, Lucieer E Janssen AML, Pleshkov M, Kingma
H, et al. Bilateral vestibulopathy and age: experimental considerations for
testing dynamic visual acuity on a treadmill. J Neurol. (2020) 267:265-
72. doi: 10.1007/s00415-020-10249-z

13. Guinand N, Pijnenburg M, Janssen M, Kingma H. Visual acuity while
walking and oscillopsia severity in healthy subjects and patients with unilateral
and bilateral vestibular function loss. Arch Otolaryngol Head Neck Surg. (2012)
138:301-6. doi: 10.1001/archoto.2012.4

14. Gimmon Y, Schubert MC. Vestibular testing-rotary chair and dynamic
visual acuity tests. Adv Otorhinolaryngol. (2019) 82:39-46. doi: 10.1159/00049
0270

15. Colagiorgio P, Colnaghi S, Versino M, Ramat S. A new tool for
investigating the functional testing of the vor. Front Neurol. (2013)
4:165. doi: 10.3389/fneur.2013.00165

Frontiersin Neurology

09

10.3389/fneur.2022.1047876

that could be
of interest.

construed as a potential conflict

Publisher’s note

All claims expressed in this article are solely those
of the authors and do not necessarily represent those
of their affiliated organizations, or those of the publisher,
the editors and the reviewers. Any product that may be
evaluated in this article, or claim that may be made by
its manufacturer, is not guaranteed or endorsed by the
publisher.

16. Schubert MC, Migliaccio AA, Della Santina CC. Dynamic visual acuity
during passive head thrusts in canal planes. ] Assoc Res Otolaryngol JARO. (2006)
7:329-38. doi: 10.1007/510162-006-0047-6

17. Sjogren ], Fransson PA, Karlberg M, Magnusson M, Tjernstrbm F.
Functional head impulse testing might be useful for assessing vestibular
compensation after unilateral vestibular loss. Front Neurol. (2018)
9:979. doi: 10.3389/fneur.2018.00979

18. Ramaioli C, Colagiorgio P, Saglam M, Heuser F, Schneider E, Ramat
S, et al. The effect of vestibulo-ocular reflex deficits and covert saccades on
dynamic vision in opioid-induced vestibular dysfunction. PLoS ONE. (2014)
9:110322. doi: 10.1371/journal.pone.0110322

19. Corallo G, Versino M, Mandala M, Colnaghi S,
The functional head impulse test: preliminary data. ] Neurol.
265:35-9. doi: 10.1007/s00415-018-8910-z

Ramat S.
(2018)

20. Cheng RC, Walker MF. Vertical head translation impairs dynamic visual
acuity during near viewing. ] Vestib Res Equilib Orient. (2016) 26:417-
23. doi: 10.3233/VES-160596

21. Ramaioli C, Cuturi LE, Ramat S, Lehnen N, MacNeilage PR. Vestibulo-ocular
responses and dynamic visual acuity during horizontal rotation and translation.
Front Neurol. (2019) 10:321. doi: 10.3389/fneur.2019.00321

22. Rine RM, Braswell J. A clinical test of dynamic visual acuity for children. Int
J Pediatr Otorhinolaryngol. (2003) 67:1195-201. doi: 10.1016/j.ijpor].2003.07.004

23. Rine RM, Schubert MC, Whitney SL, Roberts D, Redfern MS, Musolino
MC, et al. Vestibular function assessment using the Nih toolbox. Neurology. (2013)
80(11 Supplement 3):525-31. doi: 10.1212/WNL.0b013e3182872c6a

24. Li C, Beaumont JL, Rine RM, Slotkin J, Schubert MC. Normative scores for
the Nih toolbox dynamic visual acuity test from 3 to 85 years. Front Neurol. (2014)
5:223. doi: 10.3389/fneur.2014.00223

25. Christy JB, Payne J, Azuero A, Formby C. Reliability and diagnostic accuracy
of clinical tests of vestibular function for children. Pediatr Phys Ther. (2014)
26:180-9. doi: 10.1097/PEP.0000000000000039

26. Verbecque E, De Belder N, Marijnissen T, Vereeck L, Van de Heyning
P, Hallemans A. Feasibility of the clinical dynamic visual acuity test in
typically developing preschoolers. Eur Arch Otorhinolaryngol. (2018) 275:1343-
8. doi: 10.1007/s00405-018-4919-2

27. Martin W, Jelsma J, Rogers C. Motor proficiency and dynamic visual acuity
in children with bilateral sensorineural hearing loss. Int ] Pediatr Otorhinolaryngol.
(2012) 76:1520-5. doi: 10.1016/j.ijporl.2012.07.007

28. ]anky KL, Givens D. Vestibular, visual acuity, and balance outcomes in
children with cochlear implants: a preliminary report. Ear Hear. (2015) 36:¢364-
72. doi: 10.1097/AUD.0000000000000194

29. Redondo B, Jiménez R, Molina R, Dalton K, Vera J. Effects of caffeine
ingestion on dynamic visual acuity: a placebo-controlled, double-blind, balanced-
crossover study in low caffeine consumers. Psychopharmacology. (2021) 238:3391-
8. doi: 10.1007/s00213-021-05953-1

30. Hirano M, Hutchings N, Simpson T, Dalton K. Validity and repeatability
of a novel dynamic visual acuity system. Optometry Vision Science ] Am Academy
Optometry. (2017) 94:616-25. doi: 10.1097/OPX.0000000000001065

frontiersin.org


https://doi.org/10.3389/fneur.2022.1047876
https://doi.org/10.1371/journal.pone.0172061
https://doi.org/10.1016/j.gaitpost.2018.07.166
https://doi.org/10.9788/TP2018.3-06Es
https://doi.org/10.1177/019459989310900122
https://doi.org/10.1016/S1567-4231(10)09014-3
https://doi.org/10.3233/VES-201522
https://doi.org/10.1097/MAO.0000000000000336
https://doi.org/10.3389/fneur.2012.00039
https://doi.org/10.1007/s002210000640
https://doi.org/10.3233/VES-201506
https://doi.org/10.1007/s00415-020-10249-z
https://doi.org/10.1001/archoto.2012.4
https://doi.org/10.1159/000490270
https://doi.org/10.3389/fneur.2013.00165
https://doi.org/10.1007/s10162-006-0047-6
https://doi.org/10.3389/fneur.2018.00979
https://doi.org/10.1371/journal.pone.0110322
https://doi.org/10.1007/s00415-018-8910-z
https://doi.org/10.3233/VES-160596
https://doi.org/10.3389/fneur.2019.00321
https://doi.org/10.1016/j.ijporl.2003.07.004
https://doi.org/10.1212/WNL.0b013e3182872c6a
https://doi.org/10.3389/fneur.2014.00223
https://doi.org/10.1097/PEP.0000000000000039
https://doi.org/10.1007/s00405-018-4919-2
https://doi.org/10.1016/j.ijporl.2012.07.007
https://doi.org/10.1097/AUD.0000000000000194
https://doi.org/10.1007/s00213-021-05953-1
https://doi.org/10.1097/OPX.0000000000001065
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Chen et al.

31. Yetiser S, Ince D. Dynamic visual acuity in benign paroxysmal positional
vertigo. Acta Otolaryngol. (2018) 138:987-92. doi: 10.1080/00016489.2018.1498595

32. Viciana D, Ferrer J, Palma M], Zapata C, Lopez-Escamez JA. Dynamic
visual acuity during head-thrust test in canal planes in healthy subjects
and patients with vestibular neuritis. Acta Otolaryngol. (2010) 130:1260-
6. doi: 10.3109/00016481003785994

33. Wu TY, Wang YX Li
acuity test in clinical ophthalmology.
14:1771-8. doi: 10.18240/ij0.2021.11.18

34. Ao M, Li X, Huang C, Hou Z, Qiu W, Wang W. Significant improvement
in dynamic visual acuity after cataract surgery: a promising potential parameter for
functional vision. PLoS ONE. (2014) 9:e115812. doi: 10.1371/journal.pone.0115812

35. Wang ME Xiu-Xiang JI, Wang RE Liu Y, Xia LI, Ophthalmology
DO, et al. The Changes of Dynamic Visual Acuity after Ultrasonic
Emulsification Cataract Combined with Intraocular Lens Implantation in
Patients with Age-Related Cataract. Beijing: Medical Recapitulate (2015).
doi: 10.3969/j.issn.1006-2084.2015.20.055

visual
(2021)

XM. Applications of dynamic
Int ] Ophthalmol.

36. Raz N, Hallak M, Ben-Hur T, Levin N. Dynamic visual tests to identify
and quantify visual damage and repair following demyelination in optic neuritis
patients. J Visual Exp JoVE. (2014) 86:51107. doi: 10.3791/51107

37. Raz N, Dotan S, Chokron S, Ben-Hur T, Levin N. Demyelination affects
temporal aspects of perception: an optic neuritis study. Ann Neurol. (2012) 71:531—
8. doi: 10.1002/ana.22692

38. Gupta N, Ang LC, Noel de. Tilly L, Bidaisee L, Yucel YH. Human glaucoma
and neural degeneration in intracranial optic nerve, lateral geniculate nucleus, and
visual cortex. Br ] Ophthalmol. (2006) 90:674-8. doi: 10.1136/bj0.2005.086769

39. Wen W, Zhang P, Liu T, Zhang T, Gao J, Sun X, et al. A
novel motion-on-color paradigm for isolating magnocellular pathway
function in preperimetric glaucoma. Invest Ophthalmol Vis Sci. (2015)
56:4439-46. doi: 10.1167/i0vs.15-16394

40. Gottshall K, Drake A, Gray N, McDonald E, Hoffer ME. Objective vestibular
tests as outcome measures in head injury patients. Laryngoscope. (2003) 113:1746—
50. doi: 10.1097/00005537-200310000-00016

41. Marquez C, Lininger M, Raab S. Establishing normative change values in
visual acuity loss during the dynamic visual acuity test. Int J Sports Phys Ther.
(2017) 12:227-32.

42. Zhou G, Brodsky JR. Objective vestibular testing of children with dizziness
and balance complaints following sports-related concussions. Otolaryngol
Head Neck Surg ] Am Aca Otolaryngol Head Neck Surg. (2015) 152:1133—
9. doi: 10.1177/0194599815576720

43. Mafiago MM, Schenkman M, Berliner ], Hebert JR. Gaze stabilization and
dynamic visual acuity in people with multiple sclerosis. J Vestib Res Equilib Orient.
(2016) 26:469-77. doi: 10.3233/VES-160593

44. Loyd BJ, Agnew L, Fangman A, Thackeray A, Peterson DS,
Schubert MC, et al. Characterizing gaze and postural stability deficits
in people with multiple sclerosis. Mult Scler Relat Disord. (2021)
55:103205. doi: 10.1016/j.msard.2021.103205

45. Dankova M, Jerabek J, Jester DJ, Zumrova A, Paulasova Schwabova J, Cerny
R, et al. Clinical dynamic visual acuity in patients with cerebellar ataxia and
vestibulopathy. PLoS ONE. (2021) 16:€0255299. doi: 10.1371/journal.pone.0255299

46. Atilla MH, Kesici GG. Dynamic visual acuity test findings of migraine
patients: observational case-control study. Am ] Otolaryngol. (2022)
43:103559. doi: 10.1016/j.amjot0.2022.103559

47. Schubert MC, Migliaccio AA, Clendaniel RA, Allak A, Carey JP. Mechanism
of dynamic visual acuity recovery with vestibular rehabilitation. Arch Phys Med
Rehabil. (2008) 89:500-7. doi: 10.1016/j.apmr.2007.11.010

48. Herdman SJ, Schubert MC, Das VE, Tusa R]. Recovery of dynamic visual
acuity in unilateral vestibular hypofunction. Arch Otolaryngol Head Neck Surg.
(2003) 129:819-24. doi: 10.1001/archotol.129.8.819

49. Michel L, Laurent T, Alain T. Rehabilitation of dynamic visual acuity
in patients with unilateral vestibular hypofunction: earlier is better. Eur Arch
Otorhinolaryngol. (2020) 277:103-13. doi: 10.1007/s00405-019-05690-4

50. Guinand N, Van de Berg R, Cavuscens S, Stokroos R, Ranieri M, Pelizzone
M, et al. Restoring visual acuity in dynamic conditions with a vestibular implant.
Front Neurosci. (2016) 10:577. doi: 10.3389/fnins.2016.00577

51. Hall CD, Schubert MC, Herdman §J. Prediction of fall risk
reduction as measured by dynamic gait index in individuals with
unilateral ~vestibular hypofunction. Eur Arch Otorhinolaryngol. ~(2004)

25:746-51. doi: 10.1097/00129492-200409000-00017

52. Jacobson GP, McCaslin DL, Grantham SL, Piker EG. Significant
vestibular ~ system impairment is common in a cohort of elderly

Frontiersin Neurology

10

10.3389/fneur.2022.1047876

patients referred for assessment of falls risk. ] Am Acad Audiol. (2008)
19:799-807. doi: 10.3766/jaaa.19.10.7

53. Honaker JA, Shepard NT. Use of the dynamic visual acuity test as a screener
for community-dwelling older adults who fall. J Vestib Research Equilib Orient.
(2011) 21:267-76. doi: 10.3233/VES-2011-0427

54. Baydan M, Caliskan H, Balam-Yavuz B, Aksoy S, Boke B. The interaction
between mild cognitive impairment with vestibulo-ocular reflex, dynamic
visual acuity and postural balance in older adults. Exp Gerontol. (2020)
130:110785. doi: 10.1016/j.exger.2019.110785

55. Herdman SJ, Schubert MC, Tusa RJ. Role of central preprogramming in
dynamic visual acuity with vestibular loss. Arch Otolaryngol Head Neck Surg. (2001)
127:1205-10. doi: 10.1001/archotol.127.10.1205

56. Pelisson D, Prablanc C, Urquizar C. Vestibuloocular reflex inhibition and
gaze saccade control characteristics during eye-head orientation in humans. J
Neurophysiol. (1988) 59:997-1013. doi: 10.1152/jn.1988.59.3.997

57. Vital D, Hegemann SC, Straumann D, Bergamin O, Bockisch CJ, Angehrn D,
etal. A new dynamic visual acuity test to assess peripheral vestibular function. Arch
Otolaryngol Head Neck Surg. (2010) 136:686-91. doi: 10.1001/archoto.2010.99

58. Quevedo-Junyent L, Aznar-Casanova JA, Merindano-Encina D,
Cardona G, Solé-Forté J. Comparison of dynamic visual acuity between
water polo players and sedentary students. Res Q Exerc Sport. (2011)
82:644-51. doi: 10.1080/02701367.2011.10599801

59. Schubert MC, Herdman SJ, Tusa R]. Vertical dynamic visual acuity in normal
subjects and patients with vestibular hypofunction. Eur Arch Otorhinolaryngol.
(2002) 23:372-7. doi: 10.1097/00129492-200205000-00025

60. Roberts JW, Strudwick AJ, Bennett SJ. Visual function of english
premier league soccer players. Science and Medicine in Football. (2017) 1:178-
82. doi: 10.1080/24733938.2017.1330552

61. Jorge J, Fernandes P. Static and dynamic visual acuity and refractive errors in
elite football players. Clin Exp Optometry. (2019) 102:51-6. doi: 10.1111/cx0.12812

62. Nakatsuka M, Ueda T, Nawa Y, Yukawa E, Hara T, Hara Y. Effect of static
visual acuity on dynamic visual acuity: a pilot study. Percept Mot Skills. (2006)
103:160-4. doi: 10.2466/pms.103.1.160-164

63. Fergenson PE, Suzansky JW. An investigation of dynamic and static visual
acuity. Perception. (1973) 2:343-56. doi: 10.1068/p020343

64. Long GM, Penn DL. Dynamic visual acuity: normative functions and
practical implications. Bull Psychon Soc. (1987) 25:253-6. doi: 10.3758/BF03330347

65. Weissman S, Freeburne CM. Relationship between static and dynamic visual
activity. J Exp Psychol. (1965) 70:141-6. doi: 10.1037/h0022214

66. Wang Y, Guo Y, Wei S, Yuan Y, Wu T, Zhang Y, et al. Binocular dynamic
visual acuity in eyeglass-corrected myopic patients. J Visualiz Exp JoVE. (2022)
181:3864. doi: 10.3791/63864

67. Fogt JS, Weisenberger K, Fogt N. Visual performance with multifocal
contact lenses and progressive addition spectacles. ] Br Contact Lens Assoc. (2021)
3:101472. doi: 10.1016/j.clae.2021.101472

68. Riska KM, Bellucci J, Garrison D, Hall C. Relationship between corrective
saccades and measures of physical function in unilateral and bilateral vestibular
loss. Ear Hear. (2020) 41:1568-74. doi: 10.1097/AUD.0000000000000885

69. Starkov D, Strupp M, Pleshkov M, Kingma H, van de Berg R.
Diagnosing vestibular hypofunction: an update. J Neurol. (2021) 268:377-
85. doi: 10.1007/s00415-020-10139-4

70. Roberts RA, Gans RE. Comparison of horizontal and vertical dynamic visual
acuity in patients with vestibular dysfunction and non-vestibular dizziness. ] Am
Acad Audiol. (2007) 18:236-44. doi: 10.3766/jaaa.18.3.5

71. Connell CJW, Thompson B, Turuwhenua J, Hess RE, Gant N. Caffeine
Increases the velocity of rapid eye movements in unfatigued humans.
Psychopharmacology. (2017) 234:2311-23. doi: 10.1007/s00213-017-4638-1

72. Roth TN, Weber KP, Wettstein VG, Marks GB, Rosengren SM, Hegemann
SC. Ethanol consumption impairs vestibulo-ocular reflex function measured by
the video head impulse test and dynamic visual acuity. J Vestib Res Equilib Orient.
(2014) 24:289-95. doi: 10.3233/VES-140520

73. Hall CD, Herdman SJ, Whitney SL, Cass SP, Clendaniel RA, Fife
TD, et al. Vestibular rehabilitation for peripheral vestibular hypofunction:
an evidence-based clinical practice guideline: from the American physical
therapy association neurology section. J Neurol Phys Ther. (2016) 40:124-
55. doi: 10.1097/NPT.0000000000000120

74. Strupp M, Kim ]S, Murofushi T, Straumann D, Jen JC, Rosengren SM,
et al. Bilateral vestibulopathy: diagnostic criteria consensus document of the
classification committee of the barany society. J Vestib Res Equilib Orient. (2017)
27:177-89. doi: 10.3233/VES-170619

frontiersin.org


https://doi.org/10.3389/fneur.2022.1047876
https://doi.org/10.1080/00016489.2018.1498595
https://doi.org/10.3109/00016481003785994
https://doi.org/10.18240/ijo.2021.11.18
https://doi.org/10.1371/journal.pone.0115812
https://doi.org/10.3969/j.issn.1006-2084.2015.20.055
https://doi.org/10.3791/51107
https://doi.org/10.1002/ana.22692
https://doi.org/10.1136/bjo.2005.086769
https://doi.org/10.1167/iovs.15-16394
https://doi.org/10.1097/00005537-200310000-00016
https://doi.org/10.1177/0194599815576720
https://doi.org/10.3233/VES-160593
https://doi.org/10.1016/j.msard.2021.103205
https://doi.org/10.1371/journal.pone.0255299
https://doi.org/10.1016/j.amjoto.2022.103559
https://doi.org/10.1016/j.apmr.2007.11.010
https://doi.org/10.1001/archotol.129.8.819
https://doi.org/10.1007/s00405-019-05690-4
https://doi.org/10.3389/fnins.2016.00577
https://doi.org/10.1097/00129492-200409000-00017
https://doi.org/10.3766/jaaa.19.10.7
https://doi.org/10.3233/VES-2011-0427
https://doi.org/10.1016/j.exger.2019.110785
https://doi.org/10.1001/archotol.127.10.1205
https://doi.org/10.1152/jn.1988.59.3.997
https://doi.org/10.1001/archoto.2010.99
https://doi.org/10.1080/02701367.2011.10599801
https://doi.org/10.1097/00129492-200205000-00025
https://doi.org/10.1080/24733938.2017.1330552
https://doi.org/10.1111/cxo.12812
https://doi.org/10.2466/pms.103.1.160-164
https://doi.org/10.1068/p020343
https://doi.org/10.3758/BF03330347
https://doi.org/10.1037/h0022214
https://doi.org/10.3791/63864
https://doi.org/10.1016/j.clae.2021.101472
https://doi.org/10.1097/AUD.0000000000000885
https://doi.org/10.1007/s00415-020-10139-4
https://doi.org/10.3766/jaaa.18.3.5
https://doi.org/10.1007/s00213-017-4638-1
https://doi.org/10.3233/VES-140520
https://doi.org/10.1097/NPT.0000000000000120
https://doi.org/10.3233/VES-170619
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

	Advances in dynamic visual acuity test research
	Introduction
	Static visual acuity (SVA)
	DVAT methods
	Static-object DVAT
	Bedside DVAT (or non-instrumented DVAT) 
	Computerized DVAT (cDVA)
	DVAT on a treadmill
	DVAT on a rotary chair 
	Head thrust DVA (htDVA) and functional head impulse testing (fHIT)
	Gaze shift dynamic visual acuity with walking (gsDVA)
	Translational dynamic visual acuity test (tDVAT)
	Pediatric DVAT

	Dynamic-object DVAT

	Clinical applications
	Vestibular disorders assessment
	Vestibular hypofunction
	BPPV
	VN

	Ophthalmic diseases assessment
	Cataract
	Optic neuritis
	Glaucoma

	Evaluation of central system disorders
	Cerebral concussion
	MS
	CA
	Migraine

	Evaluation of the effects of vestibular rehabilitation
	Prediction of fall risk

	Influencing factors
	Subjects
	Age
	Occupations
	SVA
	Subjects' eyeglass lenses

	Testing methods
	Caffeine and alcohol

	Discussion
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


