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Purpose: To provide additional normative data for the OculoMotor Assessment Tool (OMAT) for horizontal and vertical saccades
and vergence jumps and to compare the results of children to adults.
Methods: Participants with visual acuity of logMAR ≥0.0 (6/6) and Randot stereopsis of at least 250 sec of arc without binocular
disorders were recruited. Horizontal and vertical saccades, near point of convergence (NPC), accommodation and vergence jumps
were evaluated using the OMAT. Means and standard deviations were reported for all parameters in children and adults.
Results: A total of 52 participants (ages 9–34, mean age 17.5 ± 7.2 years) participated in this study. Statistically significant differences were
found for horizontal and vertical saccades with lower mean results in children, aged 9–18 (111.5 ± 20.9 and 112.5 ± 22.7, respectively)
compared to adults, aged 19–34 (131.6 ± 23.9 and 126.2 ± 24.2, respectively) (P = 0.002 and 0.04, respectively). The mean of the last 30
seconds of both horizontal and vertical saccades were statistically significantly lower in the children’s group (52.5 ± 10.6 and 52.1 ± 11.3,
respectively) compared to the adults (63.2 ± 10.2 and 59.3 ± 13.4, respectively) (P = 0.001 and 0.04, respectively). The normative values for
horizontal and vertical saccades were 119.6 ± 23.9 and 118.1 ± 24.1 saccades per minute, respectively. NPC break and recovery were 2.3 ±
2.3cm and 3.0 ± 3.3cm, respectively. The vergence jumps assessment was 79.3 ± 21.19 movements per minute.
Conclusion: Normative values for the OMAT test were found in this study for children and adults. Assessment of endurance found
children norms significantly lower for horizontal and vertical saccades compared to adults.
Keywords: OculoMotor Assessment Tool, OMAT, oculomotor abilities, saccadic dysfunction, endurance

Introduction
Recent studies have demonstrated a high frequency of accommodative, vergence and eye movement disorders in children
and young adults after concussion.1–4 Master et al1 evaluated 100 adolescents with a mean age of 14.5 years. Overall,
69% had one or more of the following vision diagnoses: accommodative disorders (51%), convergence insufficiency
(49%), and saccadic dysfunction (29%). Scheiman et al2 performed a comprehensive oculomotor evaluation on 113
participants 11 to 17 years old, assessed 4 to 12 weeks following a diagnosed concussion. Seventy percent of the
participants had at least one oculomotor diagnosis after concussion, with the most common problems being vergence
disorders (60%) and accommodative disorders (57%). In a study of soldiers with a mean age of 28.6 years of age, the
authors also found a high prevalence of convergence insufficiency (48%), accommodative insufficiency (48%) and eye
movement dysfunction (23%).4

Studies also show that the presence of these oculomotor problems can have a negative effect on visual endurance5 and
recovery from a concussion.6–8 Yaramothu et al performed a visual endurance test on 8 participants with a medical diagnosis of
concussion.5 They found that vergence eye movements significantly degrade over time in concussed subjects compared to
healthy controls while participating in the visual endurance test. In a study of 432 patients, Master et al reported that an abnormal
accommodative amplitude predicted prolonged concussion recovery in children.7 Both Kawata et al6 and Pearce et al8 found that
a receded near point of convergence is associated with prolonged recovery.
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Given this high frequency, its negative effect on recovery, and the issue if endurance it is important for eye care and
other health-care professionals managing patients after concussion to carefully test for these oculomotor problems with
more emphasis on an endurance assessment. While clinicians can evaluate accommodation, vergence, and eye move-
ments using traditional testing procedures, it would be useful to have a single, convenient instrument that would enable
clinicians, including non-ophthalmic practitioners, to efficiently test these three areas of oculomotor function. The
OculoMotor Assessment Tool (OMAT)9 is a new diagnostic tool that was developed in response to the need for a
standardized testing method to accurately assess the near point of convergence, accommodative amplitude, vergence
jumps, and saccadic eye movements in patients with persistent concussive symptoms. There are five tests in the OMAT,
and this study concentrates on the horizontal and vertical saccades, and the vergence jumps which represent assessments
assess endurance and have not been part of traditional optometric care.

At present, the Vestibular Ocular Motor Screening (VOMS)10 is commonly used to assess oculomotor function by
clinicians evaluating patients with persistent symptoms post-concussion. The VOMS examination includes smooth
pursuits, horizontal and vertical saccades, and near point of convergence (NPC), horizontal vestibular ocular reflex,
and visual motion sensitivity. However, there are several shortcomings in the VOMS protocol, including the lack of any
testing for accommodative function, and a non-standard protocol for the assessment of the NPC. The VOMS NPC
protocol10 states that “the patient focuses on a small target (approximately 14-point font size) at arm’s length and slowly
brings it toward the tip of their nose until double vision occurs. The distance in cm between target and the tip of nose is
measured and recorded”. This protocol is inconsistent with current standard practice which was used to derive the
currently accepted normative data we use in clinical practice.11–13 First, the patient should not hold the target because this
may lead to a smaller NPC measurement (due proximal vergence). Second, the target size (14-point font) recommended
for the VOMS is considerably larger than current recommendations.11–13 Finally, the measurement should be to the
nasion not to the tip of the nose which varies in size from one patient to another. The OMAT instrument and protocol
were developed to overcome the limitations of the VOMS protocol.9

Currently, only one study (USA-based) has been published with normative data.9 In Yaramothu’s study, the mean age
was 20.4 years with a range of 11 to 34 years of age. Forty two out of 376 participants were children (<18 years old). The
purpose of this study is to contribute to the literature by providing additional data from both children and young adults in
the Israeli population. Once expected findings have been established in the normal population, the results can be used in
the assessment of concussion-related vision disorders.

Methods
Participants
Participants between the ages of 9 and 34 were recruited both from the student population and patients at Hadassah
Academic College (HAC) as well as patients from the private practices of the examiners. This study followed the tenets
of the Helsinki declaration and received the approval of HAC ethics committee. All participants signed an informed
consent form, and a parent or legal guardian of participants under 18 years of age provided informed consent. Data were
coded anonymously by serial code numbers.

Inclusion and Exclusion Criteria
Male and female participants of a diverse racial and ethnic background, between the ages 9–34 years old (pediatric
participants aged 9–17 years old, adult participants aged 18–34 years old) were required to have corrected visual acuity
of ≥ logMAR 0.0 (6/6) in each eye. Randot stereopsis with a minimum of 250 seconds of arc was required. Exclusion
criteria included vertical heterophoria of 2 prism diopters or greater, amblyopia, strabismus, or the use of medications
affecting visual function and chronic diseases such as diabetes. Pregnant women and cognitively impaired individuals did
not participate in this study.

The methods were verbally explained to the participants who all signed a written statement of informed consent prior
to their participation (for children - assent and guardian consent). Participants were examined at Hadassah Academic
College or at the private practices of the examiners. Each session lasted approximately 15 minutes per participant.
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Procedures
In order to ensure participant eligibility, the examiner performed the following tests: visual acuity (using the Snellen chart
at 6 meters), stereopsis at near (Randot stereotest), and cover test distance and near. The examiner then performed
horizontal and vertical saccades, NPC, vergence jumps and amplitude of accommodation using the OculoMotor
Assessment Tool (OMAT) (Gulden Ophthalmics, Elkins Park, PA; product no. 18009) using the same sequence for
each participant with a break of one minute between each test. Each participant was examined by one examiner. All
examiners were trained to use the identical OMAT procedure protocol training. The OMAT vergence bar was first placed
at the participant’s nasion for all procedures and held in that position by the examiner (except the amplitude of
accommodation where it was placed at the forehead above the eye being tested). For horizontal saccades, participants
were instructed to look right and left between the two “X” targets. For vertical saccades, the participant was instructed to
look up and down between the two “X” targets. For both horizontal and vertical saccades examiners used the instructions
suggested in a previous publication.9 “This task will be for 1 minute, look back and-forth between the target ‘X’s’ as fast
as you can without overshooting or undershooting the ‘X.’ I will let you know when to stop. Start by looking at left/top
green ‘X.” The vergence jumps procedure required the participant to look from a vertical line placed at the “A” point
(24 cm) to a near vertical line placed at the “F” point (9 cm) keeping the lines single and clear after every jump vergence
movement. The following instructions were used. “This task will also be for 1 minute, look back and forth between the
two target lines on the sliders as fast as you can, making sure the line is single and clear before the next jump, and to
report if the lines were double. I will let you know when to stop. Start by looking at the far line”9. The examiners counted
the eye movements and timed one minute by using the OMAT companion iOS and Android smartphone application. The
OMAT smartphone application recorded the number of eye movements in the first 30 seconds and after 60 seconds.

The target for the NPC and accommodative amplitude was a vertical line of 20/30 letters. The patient was asked to
“look at this row of letters as I bring it closer to your nose. Please let me know if the target splits into two by saying
‘Two’ I will then move the target out. Please let me know as soon as the row returns to one by saying ‘One’.” The break
and recovery were recorded. For the amplitude of accommodation measurement, which was displayed in diopters on the
bar, the patient was asked to put an eye patch on their left eye (standard black cloth eye patch). The instructions were as
follows: “this row of letters will be brought closer towards your open right eye. Please let me know when the letters start
to blur and remain blurred. The dioptric value was recorded, and the same procedure was repeated for the left eye.
Examiners read the testing procedure instructions verbatim to ensure uniform administration of the tests.

This T-shaped tool is non-invasive and can be used chair-side. The OMAT (Figure 1) has two 25-cm long bars,
attached to form a T-shape with magnets that can be rotated and locked. The OMAT is comprised of high-contrast white-
on-black targets, as well as red and green “X” targets.

Figure 1 OculoMotor Assessment Tool (OMAT).
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Sample Size
Initial pilot study was performed on 10 children and 10 adults that provided the mean and SD of the horizontal saccades
needed to calculate the sample size. The mean horizontal saccades in these participants were 114.1±20.2 saccades per
minute and 135.6±29.8 saccades per minute, respectively. Sample size calculation was performed using stat.ubc.ca
calculator and a two tailed paired test was performed using an alpha of 0.05 and power of 0.80, hence a sample size of 14
was determined for horizontal saccades comparison.

Statistical Analysis
Means and standard deviations were reported for each continuous parameter. Normal distribution of the data was
evaluated based on skewness. The results of one eye were reported for parameters where there was a correlation of
0.97 or higher between eyes. Comparison of the children and adults was done using two samples t-test. Comparison of
the first and last 30 sec of the test was done using paired samples t-test. Statistically significant results were considered
with α=0.05. Statistical analysis was done by SPSS 25.0 software (Chicago, IL 60606–6307).

Results
Fifty-two participants were enrolled, 28/52 were male (54%), with an age range of 9–34 years (mean 17.5±7.2 years) and
60% of the participants (n = 31) were between the ages of 9–18 years (Table 1).

The normative values per minute for horizontal and vertical saccades, the NPC break and recovery, and vergence
jumps are listed in Table 2. These represent the expected norms for those parameters when using the OMAT. Statistically
significant differences were found between children (9–18 years old) and adults (19–34 years old) in horizontal saccades
(P = 0.002) and vertical saccades (P = 0.04). The range for horizontal saccades for children was 77–157 saccades per
minute and 107–193 saccades per minute for adults. The range for vertical saccades for children was 74–151 saccades
per minute and 86–173 saccades per minute for adults (horizontal: 9–18 = 111.5±20.9, 19–34 = 131.6±23.9). The
decrease in the saccades between the first 30 seconds and the last 30 seconds of horizontal and vertical saccades was
significant in both children (p < 0.001) and adults (p = 0.001) separately as well as together (p < 0.001). There was no
significant difference between children and adults in the NPC break (P = 0.32, 9–18 = 1.8±2.0, 19–34 = 2.4±2.7),
recovery (P = 0.78, 9–18 = 2.9±3.2, 19–34 = 3.2±3.5) and vergence jumps (P = 0.26, 9–18 = 82.0±23.4, 19–34 = 75.3

Table 1 Baseline Parameters Including Mean Age and Standard Deviation of All Participants and According
to Gender

Characteristic N=52

Age range (years) 9–34

Mean Age ± Std. Deviation (years) 17.5±7.2

Male N (%) 28 (54%)

Children N (%) 31 (60%)

Children Age Mean ± Std. Deviation (years) 12.1±2.3

Children Age range (years) 9.0–17.0

Adults N (%) 21 (40%)

Adults Age ± Std. Deviation (years) 25.3±4.0

Adults Age range (years) 19–34

Mean Distance cc VA± Std. Deviation (DEC) 1.0±0.0

Mean Stereopsis± Std. Deviation (SOA) 250±0.0

Abbreviations: cc, with spectacles; VA, visual acuity; SOA, seconds of arc; DEC, decimal.
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±17.2). For vergence jumps, the difference between the first 30 seconds and the last 30 seconds was statistically
significant for children (p < 0.001) and the sum of all participants (p < 0.001) but not for adults.

Discussion
The results of this study provide additional normative data for horizontal and vertical saccades and vergence jumps using
the OMAT. Unlike the recent study of Yaramothu et al,9 we found differences between children and adults and reported
the data separately for each group. Statistically significant differences were found between the horizontal and vertical
saccades of children and adults. The results of Yaramothu et al for horizontal saccades and vertical saccades were 133.3 ±
27.0 and 130.7 ± 25.6, respectively. One reason for this may be that the means age of children in this study was 12.1
years compared to 15.4 years in the previous study. Our results for adults were very similar for horizontal saccades and
vertical saccades 131.6±23.9 and 126.2±24.2, respectively. In agreement with Yaramothu et al, we found the last 30
seconds of the horizontal and vertical saccades to be statistically significantly lower than the first 30 seconds. In the
current study, the decrease in the horizontal and vertical saccades in the last 30 seconds was more significant in children.
The total result for horizontal and vertical saccades was lower because children comprised 60% of the participants in our
study. Yaramothu reported the fusional vergence jumps with the OMAT to be 81.7 ± 21.5. This result was very similar to
our study result of 79.32±21.19, demonstrating the unique yet consistent results of the fusional vergence jumps with the
OMAT.9 The results of Yaramothu et al for the first 30 seconds vergence jumps were 42.6±11.4 and the last 30 seconds
were 39.1±10.7.9 Our results for adults are very similar. In the current study, the vergence jumps significantly decreased
in the last 30 seconds in children.

As expected, the reported data correlates well with established norms for the NPC with an accommodative target.11

Our results were close to that of Scheiman et al, who found 2.4±2.1/4.4±3.3 cm in ages 22–37 in the U.S.11 Subtle
differences are likely due to different study populations, inclusion criteria, different equipment, and target used (use of a

Table 2 Distributions of Saccades, NPC and Vergence Jumps for All Participants and According to Specified Age Groups

OMAT Test All Participants (N=52) Ages 9–18 Y (N=31) Ages 19–34 Y (N=21) Pa

Mean ± SD Range Mean ± SD Range Mean ± SD Range

Horizontal saccades (saccades per minute) 119.6±23.9 77–193 111.5±20.9 77–157 131.61±23.91 107–193 0.002

First 30 Sec 62.8±13.2 40–108 59.0±11.3 40–81 68.3±14.1 52–108 0.01

Last 30 Sec 56.8±11.6 30–88 52.5±10.6 30–76 63.2±10.2 48–88 0.001

Pb <0.001 <0.001 0.001

Vertical saccades (saccades per minute) 118.1±24.1 74–173 112.5±22.7 74–151 126.2±24.2 86–173 0.04

First 30 Sec 63.0±13.3 37–98 60.3±13.5 37–98 66.9±12.3 44–97 0.08

Last 30 Sec 55.1±12.6 24–85 52.1±11.3 25–73 59.3±13.4 24–85 0.04

Pb <0.001 <0.001 0.001

Near Point Convergence break (cm) 2.1±2.3 0–9 1.7±1.9 0–5 2.4±2.7 0–9 0.32

Near Point Convergence recovery (cm) 3.1±3.3 0–11 2.9±3.2 0–9 3.2±3.4 0–11 0.78

Vergence Jumps (single movements per

minute)

79.3±21.2 40–122 82.1±23.4 40–162 75.3±17.1 42–114 0.26

First 30 Sec 41.5±11.5 20–68 43.6±12.7 20–68 38.5±8.7 23–59 0.11

Last 30 Sec 37.7±10.4 12–65 38.4±11.3 17–65 36.8±9.2 12–55 0.59

Pb <0.001 <0.001 0.15

Notes: aComparison of the two age groups by two samples t-test. bComparison of the first and last 30 sec of the test by paired samples t-test.
Abbreviations: Y, years; SD, standard deviation; cm, centimeter.
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non-accommodative target vs an accommodative testing). When compared with studies that used an accommodative
target our results were only slightly lower.

Our study results suggest that the OMAT may be a suitable instrument for measuring the most frequently occurring
vision disorders after concussion – binocular vision, accommodative amplitude, and saccadic eye movements. While it
certainly can be used by eye care professionals, it also may be of interest as a screening tool for physicians and therapists
who manage patients with persistent concussive symptoms. Of course, the OMAT test procedure could also be used in
clinical practice to assess accommodative amplitude, near point of convergence, vergence facility and saccadic eye
movements in the non-concussed population.

The main strength of this study is the comparison between children and adults regarding the OMAT normative data of
horizontal and vertical saccades and vergence jumps. These results may be used to assess these functions in children and
adults separately. Secondly, the OMAT tool was just recently published as a clinical tool to be used for concussion-related
vision problems, and the current findings provide additional data that can be helpful for clinicians using this device for
this purpose. The OMAT device could certainly be used in patients with accommodative and non-strabismic binocular
vision disorder in the non-concussed population using these normative data.

Conclusions
The results of this study provide additional information about normative data for horizontal and vertical saccades, and
vergence jumps using the OMAT. There were significant differences found between children and adults in the horizontal
and vertical saccades, particularly in the last 30 seconds as well as the decrease in vergence jumps in the last 30 seconds
for children.

The OMAT may be used as a convenient, all-in-one tool for measuring binocular vision, accommodative amplitude,
and saccadic eye movements in the general population. In particular, the OMAT test procedure can be used in patients
without concussion, it should be particularly useful for the assessment of these functions in the concussion population
because three of the tests assess endurance ability which has been shown to be an important factor after concussion.
Future research using a larger sample size of children and adults is recommended.

Abbreviations
OMAT, OculoMotor Assessment Tool; NPC, Near Point of Convergence; VOMS, Vestibular Ocular Motor Screening;
VA, Visual Acuity; SOA, Seconds Of Arc; DEC, Decimal; Y, Years; SD, Standard Deviation; cm, Centimeter.
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