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1. Introduction

The vestibular system is partially responsible for postural stability and balance control during head motion (Horak, 2010).
One function of the vestibular system is to stabilize the eyes by providing information about head motion relative to space
(King & Shanidze, 2011). This is mediated by the vestibulo-ocular response (VOR), which compensates for a given head
rotation with equal and opposite eye motion (Migliaccio, Minor, & Della Santina, 2010). Children with unspecified (i.e., a
nonspecific diagnosis for IDD) mild-to-moderate intellectual and developmental disability (IDD) might have sensory
integrative dysfunction because of limited sensory experience due to delayed normal sensory-motor development (Schaaf &
Miller, 2005). Whether or not the balance skills of children with mild IDD are comparable to those of children of the same
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A B S T R A C T

The vestibulo-ocular response (VOR) may not be fully developed in children with an

intellectual and developmental disability (IDD). This study aimed to identify the presence

of VOR deficit in children and young adults with unspecified mild-to-moderate intellectual

and developmental disability and its effect on balance control. Twenty-one children and

young adults with IDD ranging in age from 8 to 22 years (mean 17.5� 3.9 years) were

included in the study. The VOR was evaluated with the Head Impulse Test and the Static and

Dynamic Visual Acuity Test (S&D-VAT). Postural stability was measured in an upright standing

position by the Clinical Test for Sensory Interaction in Balance (CTSIB), single leg stance (SLS)

during eyes open and eyes closed, and Romberg stance under eyes open and eyes closed

conditions using a force platform. Reduced vestibulo-ocular responses were found in 13 of 21

(62%) participants who were able to complete testing. In the fifth condition of the CTSIB

(standing on foam with eyes closed), those without VOR deficit were able to maintain balance

longer than those with VOR deficit (29 s [median 30] vs. 12 s [median 7.3], respectively;

p = 0.03). The study demonstrates potential effects of VOR deficit in children and young adults

with IDD and some significant differences in balance control between those with and without

a VOR deficit. VOR function in children and young adults with IDD should be routinely tested

to enable early detection of deficits.
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mental age without IDD is still unresolved (Schaaf & Miller, 2005). When developing and functioning normally, the
semicircular canals are able to response to velocity and the otoliths to acceleration. The normal physiology of the vestibulo-
ocular response (VOR) is developed by about 8 years of age (Salman, Lillakas, Dennis, Steinbach, & Sharpe, 2007). A vestibular
deficit (VOR deficit) might be due to vestibular neurinitis in 3.5% in the normal population or even twice that among people
admitted to otolaryngology clinics (Strupp & Brandt, 2009). However, vestibular neurinitis generally appears between 20
and 60 years of age (mean age 39 years) (Cooper, 1993). Moreover, the VOR decreases after 70 years of age as part of normal
degenerative processes and is probably one of the main causes of falls (Zur, Berner, & Carmeli, 2006). The vestibular system
provides information regarding head motion and impaired vestibular function (VOR deficit) can result in vertigo, dizziness,
nystagmus, oscillopsia, poor balance or falls (Nandi & Luxon, 2008). The prevalence of poor vestibular ocular response or VOR
deficit in children with IDD has not been tested thoroughly.

Balance control strategies consist of feedback and feed forward (anticipatory) adjustments (Finley, Dhaher, & Perreault,
2012). In other words, these two mechanisms work to stabilize the ankle during standing and walking. Before performing a
voluntary movement the whole body prepares to accomplish that voluntary movement by first a feed forward mechanism
meaning, ‘‘I am ready’’ (Fitzpatrick, Burke, & Gandevia, 1996). Immediately after, a different group of muscles automatically
relaxes, thus allowing the movement to be carried out (Peterka, 2002).

Haas, Diener, Rapp, and Dichgans (1989) demonstrated differences between normal children and children with IDD in the
appearance of the feedback and feed forward control in upright stance. Furthermore, differences in both gross and fine motor
skills were also found between children with mild IDD (intelligence quotient (IQ) score 50–70) and children with borderline
IDD (IQ 71–84) (Vuijk, Hartman, Scherder, & Visscher, 2010), primarily in the areas of running speed, muscle strength, and
fine motor skills. Children with mild IDD show delayed gross and fine motor development of 4–10 months and poor sensory
integration (Schaaf & Miller, 2005).

Children manifest stronger dependence on visual inputs for postural control than do adults. It is widely accepted that as
healthy children grow older and develop, their over-reliance on the visual system to regulate postural stability and balance
decreases (Hsu, Kuan, & Young, 2009).

The neuromuscular abilities of children with IDD, including static balance, manual dexterity and muscle strength, are
inferior to those of children without IDD (Lahtinen, Rintala, & Malin, 2007). Children with IDD have been reported to
have higher injury rates and require extended care throughout their lives, which results in higher medical expenditures
(Birenbaum, 2010). They frequently have more falls (Chiba, Shimada, Yoshida, Keino, Hasegawa, & Ikari, 2009; Sherrard,
Tonge, & Ozanne-Smith, 2001) and increased health risks (Rimmer & Braddock, 2002) compared to the general
population.

Yet, information about the vestibulo-ocular response in these children is lacking. Therefore, this study aimed to identify
vestibulo-ocular response (VOR) deficits in children and young adults with IDD. An additional aim was to determine if there
are differences in static balance control between those with and without VOR deficits.

2. Methods

2.1. Participants and outcome measurements

The potential study population consisted of 128 children and young adults with mild or moderate IDD who were
permanent residents of a residential care center. Of these, only 32 met the basic study inclusion criteria after their
medical and health profiles were screened and found unacceptable. They were previously evaluated by the in-house
clinical psychologist and social worker using the full scale Wechsler Abbreviated Scale of Intelligence (Hays, Reas, &
Shaw, 2002), As part of the care center intake, all residents also underwent a complete neuro-developmental and motor
screening evaluation by a pediatrician. The inclusion criteria were permanent residency in the care center for at least
two years (to ensure familiarity with the environment and the care providers), independent in all activities of daily
living (ADL), and able to understand and follow study instructions. Only children and young adults with an IQ score
between 50 and 70, equivalent to a mild intellectual disability (American Psychiatric Association, 2000), or IQ between
35 and 49, equivalent to a moderate intellectual disability (Smith, 1993) were included in the study. The exclusion
criteria were any medical condition that could interfere with the testing, such as musculoskeletal, hearing or visual
deficits. In addition, a special visual acuity measurement chart, an ‘‘E’’ chart, was used in this study for exclusion criteria.
The chart displayed the letter ‘‘E’’ in different sizes, facing four different directions. Subjects had to point to the direction
of the ‘‘E’’. Those who could not read at least the first 5 lines of the chart, equivalent to 20/40 vision or who had positive
smooth pursuit and saccadic eye movements were excluded from the study. Smooth pursuit and saccadic eye
movements were examined by watching the study participants’ eye movements as they followed the movement of the
examiner’s thumb with a sticker on it.

The study was approved by the Ethics Committee of the Israel Ministry of Welfare and Social Services (Clinical Trials
Registration number 2351). Only 21 parents or guardians of the 32 eligible candidates gave consent for study participation,
thus 21 children and young adults (3 females, 18 males) with mean IQ score of 57.9� 6.7, ranging in age from 8 to 22 years
(mean 17.5� 3.9, median 19 years) were included in the study. Of the 21 eligible subjects who participated in the study, thirteen
(3 females and 10 males) had a VOR deficit. They ranged in age from 11 to 22 years (mean 17.3� 3.8, 17 years). A normal VOR was
found in 8 subjects (all male), who ranged in age from 8 to 21 years (mean 17.8� 4.3, 19.5 years).
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2.2. Experimental procedures

The tests performed included oculomotor tests of vestibular function, assessed by the Head Impulse Test (HIT), and the
Static and Dynamic Visual Acuity Test (S&D-VAT) (Brandt & Strupp, 2005). These tests were found to be appropriate for
children as well as adults (Fife et al., 2000). The Head Impulse Test can be completed very quickly (in less than 30 s); the
Static/Dynamic Visual Acuity Test (S/D-VAT) takes longer to perform – up to few minutes. We used these two tests in case a
subject would be unwilling or unable to complete either one of the two.

Clinical tests for postural control included the Clinical Test for Sensory Interaction in Balance (CTSIB) (Shumway-Cook &
Horak, 1986) and Single Leg Stance (SLS) (Bohannon, 1994). Participants were also asked to stand on a force platform in the
Romberg stance under eyes open and closed conditions. All testing took place in the afternoon hours and lasted
approximately 30 min for each subject. Participants were told they could stop the test whenever they requested to do so. The
force platform testing was done by tester 1 (A.R., a trained PT student). All other tests were performed by tester 2 (O.Z.). Tests
were not done in the same order, but randomly as subjects entered the room.

2.2.1. Head impulse test (HIT)

The head impulse test (HIT) is a clinical tool used to assess semicircular canal function. The head is flexed 30 degrees to
stimulate the lateral semi-circular canals (Schubert, Tusa, Grine, & Herdman, 2004) and manually rotated in an
unpredictable direction using small amplitude head movements (approximately 10 degrees), with 3–5 trials on each side.
When the VOR is functioning normally, eye movements compensate exactly in the opposite direction of head movement in
order to keep images stable on the fovea. In the case of VOR malfunction, the eyes move in the same direction as the head, and
at the end of the head movement there is a rapid, corrective, saccadic eye movement that brings the target back on the fovea
(Halmagyi & Curthoys, 1988). According to the HIT evaluation scale, the appearance of these corrective saccades in three
trials indicates vestibular deficit. The HIT was validated in a study of adults by Schubert et al. (2004). They found that the
sensitivity of the clinical HIT for vestibular loss in adults is approximately 71% and specificity 82%.

In this study, children and young adults were seated on a chair during the test. The examiner sat in front of them and held
their head at the temporal areas. They were asked to keep their eyes focused on the examiner’s nose which had a round,
colored sticker placed on it to focus their attention. Each subject underwent 3–5 trials on each side.

2.2.2. Static and dynamic visual acuity test (S&D-VAT)

The visual acuity test (VAT) is divided into static and dynamic stages and is therefore known as the S&D-VAT. A Graham
field chart placed at eye level was the clinical tool used for this measure. The chart has 11 rows of numbers arranged in
decreasing size from top (equivalent to 20/200 vision) to bottom (20/10 vision). During the static test, participants were
asked to sit motionless and read complete rows from the Graham field chart to the best of their ability. Each row was
repeated twice in an attempt to help the participants reach the next row and ensure that they completed the test to the best
of their ability. The test lasted 60–90 s. The ability to read the row was considered a success if the participant was able to read
a row with no more than two mistakes. During the dynamic portion of the test, a similar process was employed, except that
the examiner stood behind the participant. With both hands on the sides of the participant’s head, the examiner moved the
head from side to side approximately 15 degrees in each direction at a frequency of 2 Hz. This portion of the test was paced
using a metronome set at 120 beats per minute (Rine & Braswell, 2003).

The S&D-VAT is scored according to a dichotomous scale of normal VOR. VOR was considered abnormal when the
difference in the number of rows the subject was able to read between the static and dynamic portions of the test was three
rows or more (Brandt & Strupp, 2005; Rine & Braswell, 2003). Participants who had a poor VOR result in at least one of the
two tests (HIT or S&D-VAT) were considered to have a VOR deficit (Zur, Berner, & Carmeli, 2005).

2.2.3. Balance control protocol

Three balance tests were performed barefoot, the clinical test for sensory interaction in balance (CTSIB), the single leg
stance test and the Romberg test on a force platform. All three balance tests were stopped by the examiner if the participant
(1) moved a foot from the original base of support, (2) touched one of the supports with a hand, (3) grabbed the examiner to
maintain balance, or (4) opened eyes when they were supposed to be closed. The first two tests, CTSIB and one-leg stance test
were done three times with the best result recorded. The CTSIB is often used by clinicians to determine which sensory system
a subject relies on. The single leg stance test is convenient, as it is quick and easy to perform. The Romberg test on the force
platform was done five times and the mean outcome was recorded. This test was used because it provides exact
measurements of patient sway, rather than just time measurements. Another reason we used all three tests was to ensure
obtaining balance control results. In case a subject was unable to perform one of the tests, we would have results from
another.

2.2.3.1. Clinical test for sensory interaction in balance. The clinical test for sensory interaction in balance (CTSIB) (Shumway-
Cook & Horak, 1986) was used to examine the ability to maintain postural control under six sensory conditions in which the
visual scenery and the standing surface were altered. Crowe, Deitz, Richardson, and Atwater (1990) adapted the CTSIB to
measure standing balance in children. The participant was instructed to stand still on the floor and then on a compliant foam
surface (Tempur foam thickness of 16 cm) with feet together and hands placed on the hips. A safety support was placed on
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the left side of participant while the examiner stood on the right side. Balance was tested under six conditions, three while
standing on the floor and three while standing on the foam surface. Each test lasted no more than 30 s and was performed in
three modes: eyes open, eyes closed, and eyes open with the head surrounded by a dome. The test was considered successful
if the participant was able to maintain each of the six conditions for 30 s, as measured by a stopwatch.

2.2.3.2. Single leg stance (SLS). The single leg stance test evaluates the subject’s static postural balance. It is useful for
determining balance impairments in subjects with good, but not excellent balance control. To determine the preferred leg,
subjects were asked to kick a ball placed in front of them. The stationary leg was considered the preferred leg for all subjects
(Bohannon, 1994; Zumbrunn, MacWilliams, & Johnson, 2011). For the test, the subject was asked to stand on one leg with
hands on hips for as long as possible, up to a maximum of 10 s. The test was performed 3 times with eyes open (EO) and with
eyes closed (EC). The best of each three attempts was recorded.

2.2.3.3. Romberg stance, eyes open and closed on force platform. Balance control was measured by having the participants
stand on a force platform with EO and then EC. They were instructed to stand on the force platform as still as possible, with
feet positioned as close together as possible (heels and toes touching), and with their hands together behind their backs
(Romberg stance). The two task conditions were: (1) EO – standing upright viewing an ‘‘X’’ displayed on a screen two meters
in front of them; and (2) EC condition – standing upright with eyes closed and blindfolded. Five, 30-s trials were conducted
for each of the two tasks, always in the same order of EO and then EC.

Sway measures were collected with a Kistler 9287 Single Force Platform (Kistler Instrument Corp., Winterthur,
Switzerland), which measures the center of pressure (COP) under the participant’s feet. The force platform data were
sampled at a frequency of 100 Hz. Force platform data were analyzed using automatic code written in Matlab (Math
Works, Inc., Cambridge, MA, USA) to extract four postural stability parameters (mean sway area, sway velocity, medio-
lateral (ML) sway range and anterior-posterior (AP) sway range) in three axes of movement (Lafond, Corriveau, Hébert, &
Prince, 2004). These parameters were computed for each trial. Each set of five trials was calculated to obtain an average
value for each parameter and for each participant. Lower balance control values indicate higher levels of postural
stability and control.

2.3. Statistical analysis

Descriptive statistics consisted of group means, standard deviations, medians and minimum–maximum. Nominal
parameters were described as numbers and percentages. Because the postural stability variables were not normally
distributed (Shapiro–Wilk test), the non-parametric Mann–Whitney U-test was performed to analyze the differences
between participants with normal VOR compared to participants with VOR deficits. A P-value of 0.05 or less was considered
statistically significant. All data were analyzed using SPSS 19 software.

3. Results

Twenty-one subjects participated in this study. Their mean age was 17.5� 3.9, median 19 years and ages ranged from 8
through 22 years. There was no significant difference in age between those with a VOR deficit (n = 13) and a normal VOR (n = 8).

Due to difficulties concentrating, fear or refusal, some of the participants were unable to complete all the tests. All 21
completed the HIT (13 with a VOR deficit), only 16 completed the S&D-VAT (6 with a VOR deficit); 12 subjects (7 with a VOR
deficit) completed the postural control test on the force platform and 13 subjects, including 9 with VOR deficit, the CTSIB and
SLS tests (Fig. 1).

[(Fig._1)TD$FIG]

Fig. 1. Number of subjects in each group who completed the tests.
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3.1. Oculomotor tests

Positive HIT results, indicating a VOR deficit were displayed by 13 of 21 participants (62%). Positive S&D-VAT results,
indicating a VOR deficit, were displayed in 6 of 16 subjects (37.5%). The six participants with a positive S&D-VAT also had a
positive HIT test.

3.2. Balance control

In CTSIB testing, the only significant difference between the two groups was seen in Condition 5 (standing on foam
with eyes closed). Subjects with a VOR deficit could keep their balance for 12.4 s (median 7.3, min–max; 1.4–30 s), while
those with normal VOR were able to maintain their balance for 29.4 s (median 30, min–max; 27.4–30 s; p = 0.03; Table 1). In
the 6th condition of the CTSIB (standing on foam with eyes open while the wall is moving), those without VOR deficit were
able to maintain balance less (15 s; median 14.4, min–max; 1–30 s) than those with normal VOR (28 s; median 28.3, min–
max; 24.5–30 s; p = 0.11) but the difference was not significant (Table 1).

In SLS (single leg stance) with EC, those with VOR deficit could maintain their balance only for 1 s (median 0.6, min–max;
0–2 s), while participants with normal VOR were able to maintain their balance for 3.3 s (median 2.9, min–max; 1–6 s;
p = 0.06). With EO, subjects with a VOR deficit could maintain their balance for 5.6 s (median 5.8, min–max; 1–10 s), and
those with normal VOR for 6.7 s (median 7.7, min–max; 2–10 s) (Table 1).

In Romberg stance on the force platform, with eyes open or eyes closed, no significant differences between the two groups
were found (Table 2).

4. Discussion

It is noteworthy that 62% of the children with IDD demonstrated a VOR deficit. Although, VOR does not become fully
mature until about 8 years of age in the normal population (Salman et al., 2007), the positive results found by the HIT or S&D-
VAT tests indicate a VOR deficit. One possible explanation for the different results between HIT and S&D-VAT might be that
the HIT requires a shorter time span to complete. On the other hand, the S&D-VAT requires more attention and therefore it
might be more cognitively challenging for some subjects (Shum & Pang, 2009). It has been suggested that VOR deficit in the

Table 1

Ability to maintain balance in the Clinical Test for Sensory Interaction in Balance (CTSIB) and Single Leg Stance (SLS) tests.

Test condition VOR deficit, n = 9 Normal VOR, n = 4 P-value

Mean (median, min–max) seconds Mean (median, min–max) seconds

CTSIB Conditions 1–6

ROMEO 30� 0 (30, 30–30) 30� 0 (30, 30–30) 1.0

ROMEC 26.1� 7 (30, 13–30) 30� 0 (30, 30–30) .549

ROMDOME 30� 0 (30, 30–30) 30� 0 (30, 30–30) 1.0

FROMEO 28.2� 5.5 (30, 17.5–30) 30� 0 (30, 30–30) 0.53

FROMEC 12.4� 11.5 (7.3, 1.4–30) 29.4� 1.3 (30,27.4–30) 0.03

FROMDOME 14.9� 12.2 (14.4, 1–30) 27.7� 2.8 (28.3, 24.5–30) 0.11

SLS

EO 5.6� 4.7 (5.8,1–10) 6.7� 4.1 (7.7, 2–10) 0.59

EC 1� 0.8 (0.6, 0–2) 3.3� 2.5 (2.9, 1–6) 0.06

ROMEO – Romberg stance with eyes open; ROMEC – with eyes closed; ROMDOME – with a dome on the head; FROMEO, FROMEC, FROMDOME – the same

but standing on foam surface. SLS – single leg stance; EO – eyes open; EC – eyes closed.

VOR = vestibulo-ocular response.

Table 2

Comparison of Center of Pressure (COP) based on measurements during Romberg stance with eyes open and closed.

Test condition VOR deficit, n = 7 Normal VOR, n = 5 P-value

Mean (median, min–max) Mean (median, min–max)

Eyes open

Sway area (mm2) 173 (106, 68.8–269) 215 (190, 49.6–417) 0.61

Sway velocity(mm2/s) 27.1 (22.4, 18.8–36.9) 32.6 (29.4, 15.6–54.2) 0.44

M-L sway (mm) 49.4 (44.2, 36.2–54.5) 55.3 (48.7, 24.2–101) 0.65

A-P sway (mm) 44.2 (39.1, 25.5–48.8) 52.7 (48.7, 25.2–72.6) 0.44

Eyes closed

Sway area (mm2) 175 (167, 128–271) 280 (209, 142–543) 0.39

Sway velocity (mm2/s) 28.3 (29.9, 24.1–37.8) 36.6 (30.3, 13.8–74.2) 0.69

M-L sway (mm) 52.2 (51.2, 42.4–58.7) 61.8 (55.7, 23.7–106) 0.39

A-P sway (mm) 43.2 (47.8, 36.3–47.9) 56.4 (47.8, 25.1–95.9) 0.54

M-L = medio-lateral; A–P = anterior-posterior; VOR = vestibulo-ocular response.
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general population is generally age-related (Baloh, Enrietto, Jacobson, & Lin, 2001) and in a study of adults with IDD, VOR
deficit was attributed to age-related decline in function (Zur et al., 2005). Thus, we think that the VOR remained improperly
developed or underdeveloped in the study subjects. VOR deficit might be considered a ‘high function level disorder’ (i.e.,
central nervous system disorder) rather than a ‘low function level disorder’ (i.e. peripheral nervous system disorder) that
diminishes a person’s ability to reflexively avoid or negotiate a fall. These findings can contribute to a better understanding of
poor balance control among this population, but more research with larger samples is needed, which could lead to providing
appropriate interventions.

Six conditions of the clinical test for sensory interaction in balance (CTSIB) (Shumway-Cook & Horak, 1986) were used in
13 children and young adults with IDD. Although Conditions 5 and 6 are tested on a foam surface and are suitable for
evaluating vestibular deficits, the results for those with and without a VOR deficit were different only in Condition 5 (eyes
closed, standing on foam), but not in Condition 6 (standing on foam with a dome over the head). In Condition 5 of the CTSIB,
participants with VOR deficit had difficulty maintaining balance, whereas those with normal VOR were able to maintain
balance for a longer period of time. A larger study sample might show a statistical difference between those with and without
VOR deficit. One can argue that our sample included young children whose balance was not yet established; however in
normal developmental processes balance is usually developed by 8–9 years of age. In our sample, the mean age was almost
18 years, implying that the VOR deficits diagnosed were due to IDD and not age. Moreover, Deitz, Richardson, Atwater,
Crowe, and Odiorne (1991) examined the CTSIB in 109 normal children, 6–9 years of age and fond they had no difficulties
maintaining balance in all conditions.

The results of this study show that children and young adults with IDD and a VOR deficit had less body sway when using
the force platform compared to those without VOR deficit. Low body sway can indicate a sign of fear of falling when the
subject adopts posture stiffness as a postural control strategy (Davis, Campbell, Adkin, & Carpenter, 2009). Winter, Patla,
Prince, Ishac, and Gielo-Perczak (1998) found that the contribution of the vestibular system to quiet stance (e.g. standing on
the force platform without foam) is low because there is limited information from acceleration forces (i.e., acceleration that
must be produced by a mechanical force and cannot be produced by gravitation force without movement) and according to
the International Classification of Functioning, Disability and Health (ICF-DH) model (Jette, 2006), VOR deficit is such an
impairment. From this perspective, in an attempt to use alternate sources of information, subjects with IDD might make a
conscious effort to compensate for their loss of visual-vestibular cues by increasing their self-generated exploratory motor
activity. During the stage of the testing when the participants’ eyes were closed, they exhibited greater control and better
attention to body sway. It could be that they changed their postural strategy from automatic control when their eyes were
open, to a strategy involving attention control when their eyes were closed (Table 2). However, the standard deviations in
both groups were very wide, which indicates that the measurements of body sway, tested in Romberg stance, were not
reliable. All balance testing requires participants to concentrate for a long period and stand with minimal body movement.
Even a simple motion such as scratching the hip can influence accurate outcomes. In quiet standing, normal stability is
expressed by some degree of body sway. Too little or too much body sway might indicate a number of balance impairments.
For some of the participants, this test may have been too difficult or too challenging. For others, it may have been boring and
they lost interest and did not want to complete the test.

This study has a few limitations. Because it was difficult to recruit subjects, the overall number of participants was low.
We encountered several unexpected events while working with the children and young adults with mild-to-moderate IDD,
such as sudden crying, running wildly or wanting to return to their room (which necessitated calling another supervisor to
accompany them). Based on the difficulties encountered getting the children and young adults to cooperate, in retrospect, we
believe that it was somewhat inappropriate to use a force platform to investigate balance control for subjects with IDD (with
or without VOR deficit). In contrast to force platform testing, the participants cooperated well with the CTSIB because the
tasks changed faster and a different sensory system was challenged in each of the different conditions. This test seemed to
maintain their attention and concentration. In the future, we would use the CTSIB on the force platform or use dynamic
posturography, which is recommended since it is considered a more reliable device and more user friendly than CTSIB
testing. Therefore, its outcome measurements are more objective.

The results of this study, led us to understand that brain development disorders might cause a spectrum of seemingly
unrelated disabilities that result in unique neuropsychological profiles that do not fit pre-existing diagnostic categories, such
as IDD. VOR deficiency might be part of the spectrum of disorders among children with IDD and should be routinely checked
as part of ongoing developmental evaluations, but more research is needed in this field.

5. Conclusions

The study outcomes show that there is relatively high occurrence of VOR deficit and poor balance control in children and
young adults with IDD. Despite the fact that this study had a relatively small sample size and no healthy control subjects, we
think that early detection of VOR deficits may lead to early intervention and hopefully better treatment outcomes.
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