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Background

Near point of convergence (NPC), a component of the Vestibular Ocular Motor Screening
(VOMS) assessment, may be helpful in diagnosing concussion. The VOMS uses a
standardized approach to measure NPC; however, methods of screening for NPC are not
standardized.

Purpose

The purpose of this study was to determine whether four different methods of measuring
NPC yielded different estimates.

Study Design

Descriptive within-subjects laboratory study.

Level of Evidence
Level 3.

Methods

Healthy recreational athletes participated in a comparison of 4 commonly used methods
of measuring NPC: a 12-point font target, the VOMS (14-point font target), the tip of a
black pen, and the Bernell Vergel™ device (9-point font target). The order of the
presentation of the 4 targets was randomized.

Results

Seventy-five participants (59 females, 16 males; mean [SD] age=21.0 [6.12] years)
completed 3 trials. The mean (SD) of the 900 NPC measurements was 7.11 (3.67) cm.
Measurements for all targets had excellent reliability (r=0.94 to 0.98). In a comparative
analysis, participant age was associated with NPC (p<0.01) and was covaried. The NPCs
derived from both the 12-point and 14-point font targets were smaller than NPCs from
the tip of the black pen and the 9-point font device (p<0.01). Measurements between the
tip of the black pen and the 9-point font device (p=0.25) and between the 12-point and
14-point font targets (p=0.84) did not differ.

Conclusions

The method used to measure NPC as a screening test for concussion should be
standardized because the estimate differs depending on the technique chosen. The
current study supports previous findings that the type of target used to measure NPC
should be standardized for concussion assessment.

Clinical Relevance

Screening of NPC should be standardized for concussion assessment to improve the
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reliability of NPC testing.

INTRODUCTION

Considering that 1.6 to 3.8 million sport- and recreation-
related concussions occur annually in the US, and the po-
tential exists for cumulative effects after repeated injuries,
sport-related concussion is a public health issue.! Further,
concussions are one of the most prevalent acquired neu-
rologic conditions in young adults, and disruption to the
brain commonly manifests as various deficits in the follow-
ing three global categories:1»2 physical symptoms, cogni-
tion, and postural stability. A multifaceted concussion as-
sessment approach must address all three categories be-
cause concussion deficits manifest differently in different
patients.>4 Vision, one outcome tested for postural sta-
bility, uses almost half the pathways in the brain; these
anatomical structures are susceptible to injury in a con-
cussed athlete.# Visual-motor disruptions include difficulty
with saccades, accommodation, smooth pursuit, and fixa-
tion.%5 An estimated 65%-90% of concussed patients have
oculomotor disruptions,3 such as convergence insufficien-
cy, slowed saccadic function, and smooth pursuit deficits.*

Oculomotor assessment is often used by healthcare pro-
fessionals to evaluate visual-motor disruptions after a sus-
pected concussion. The Vestibular Ocular Motor Screening
(VOMS) assessment, which combines oculomotor and
vestibular tests with a concussion symptom scale, has been
shown to be useful in identifying concussions.” Posttrau-
matic vision or oculomotor dysfunctions are reported in
30%-65% of concussed patients.8 Abnormal near point of
convergence (NPC), one type of oculomotor dysfunction, is
estimated to occur in 46% of athletes after concussion.”9-13
Convergence occurs when a target is moved toward a pa-
tient’s eyes and the eyes converge or move toward the tar-
get. The target doubles or presents as diplopia as it ap-
proaches the eye. Abnormal NPC has been defined as being
unable to see a target clearly at a distance of more than 5
cm from the eye and represents the threshold for NPC.7” Pa-
tients with convergence insufficiency commonly experience
diplopia, blurred vision, headaches, or dizziness and nau-
sea.l4

Near point convergence is a component of the VOMS as-
sessment, and several studies investigating the VOMS re-
ported an abnormal NPC was associated with prolonged
concussion symptoms.!15~17 Although the VOMS uses a
standardized approach to measure NPC, different methods
of measuring NPC are commonly used. The literature re-
garding the use of the VOMS instructs clinicians to use a
14-point font size letter on the end of a tongue depressor
to measure NPC.” The 14-point font size target is moved by
the patient from arm’s length toward the tip of the nose,
and the examiner uses a ruler to determine the NPC.” This
method includes subjective and objective approaches to de-
termine NPC; patients are instructed to stop moving the
target when they observe two distinct images (diplopia) or
when the examiner observes an outward deviation of one
eye. Three trials requiring about 30 seconds are performed,
and the NPC measurements are averaged to yield an esti-
mate.

Some have proposed measuring NPC with other devices

independently of the VOMS. Further, the method of mea-
suring NPC tends to differ across disciplines. For example,
Pearce et al.!3 used a standard Gulick tape measure that
patients moved from arm’s length to the tip of their nose.
The NPC of 78 concussed athletes aged 9-24 years was mea-
sured, and a 12-point font size letter was used as the tar-
get.13 The authors correlated NPC measurements with cog-
nitive impairment evaluated by the Immediate Post-Con-
cussion and Cognitive Test (ImPACT) using a standard of
more than 5 cm to indicate an abnormal NPC.13 The ath-
letes repeated three consecutive trials without rest, and the
intraclass correlation coefficients (ICCs) across the three
trials ranged from 0.95 to 0.98.13 Athletes with impaired
convergence performed worse on the ImPACT for the verbal
memory, visual motor speed, and reaction time tests; they
also reported higher total symptom scores.13 Further, 42%
of these athletes had impaired convergence one month after
their concussion.!3 As with the VOMS assessment, the NPC
for this study was determined when the patient saw two dis-
tinct images or when the examiner observed outward devi-
ation of one eye.

In another study, Adler et al.!8 investigated NPC using
4 different target sizes, including the tip of a pencil, and
found that NPC was significantly different for different tar-
get types. The authors used the tip of a pencil because it is
a more precise target than a 12-point or 14-point font size
letter.18 The authors also controlled for the speed of the tar-
get’s approach by moving it toward the tip of the nose at a
rate of approximately 1-2 cm/s.18

While these traditional VOMS measures are taken with
readily available inexpensive items, there are devices avail-
able that specifically measure convergence. The Bernell
Vergel™ (Mishawaka, IN) is a battery-operated device that
measures convergence by using a 9-point font size target for
evaluation. To the authors’ knowledge, the Bernell Vergel
has not been investigated rigorously as a test for NPC.

Multiple disciplines are investigating NPC because of its
relationship with concussions. Using evidence-based as-
sessment tools such as the VOMS requires a systematic ap-
proach. Since multiple disciplines use multiple methods to
measure NPC and precision is needed for concussion as-
sessment, it would be helpful for clinicians to use a stan-
dardized approach. Therefore, the purpose of the current
study was to determine whether four different NPC mea-
surement methods of measuring NPC yielded different esti-
mates.

METHODS

The current study used a prospective within-subjects re-
search design to compare 4 standardized, commonly used
methods of measuring NPC: a 12-point font target, the
VOMS (14-point font target), the tip of a black pen, and the
Bernell Vergel device (9-point font target). The study was
conducted from February to December 2018. All experimen-
tal procedures were approved by the Northern Arizona Uni-
versity Institutional Review #1195714-1.
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PARTICIPANTS

Potential participants were healthy recreational athletes re-
cruited through flyers distributed at a university campus.
Participants had to be aged 18-50 years and proficient in
speaking and reading English so they could understand di-
rections for testing. Potential participants were excluded if
they had a history of head, neck, or face injury in the past
year or had any diagnosed neurological or ocular disorder.
Participants meeting inclusion criteria were provided infor-
mation about the nature of the study and completed written
informed consent.

PROCEDURES

All testing was conducted at a university research laborato-
ry and was administered by the same researcher. All mea-
surements were collected during a single testing session.
Participants who wore glasses or contacts were informed
that they could use them if they wished. Instructions were
provided before each of the four tests, and participants were
offered short rest breaks, as needed, for no more than one
minute during testing. To control for order effect of the four
tests, the order in which the tests were presented was ran-
domized before each session using a random number gen-
erator. All tests were completed in a seated position and at
the same location in the laboratory because it provided ad-
equate lighting. Three trials of each test were performed.
Distances for NPC were measured using a standard ruler
for all tests except the one using the Bernell Vergel device,
which does not require a ruler.

INSTRUMENTATION

Instructions for the VOMS tool were modified based on a re-
view of the literature and were consistently used for test-
ing of all participants. The specific modifications included
1: the size of the target; 2. the examiner started the target
at arm’s length away from the participant and moved it to-
ward the center of the participant’s eyes at a rate of approxi-
mately 1-2 cm/s; and, 3. the examiner was seated to the side
of the participant to view the ruler and observe the partici-
pant’s eyes. The NPC was established when participants in-
dicated they saw two distinct images or when the examiner
observed an outward deviation of one eye. Blurring of the
image was ignored because it is a normal reaction.

For the tests with the 12-point and 14-point font targets,
the target was an “X” printed in the required font size and
placed on the end of a tongue depressor. For the test with
the tip of a black pen, the target was the tip of a black BIC®
(Shelton, CT) pen. The distance between the target and the
tip of the participant’s nose for these 3 tests was measured
in centimeters with a standard ruler and recorded.

For the Bernell Vergel device test, the target was a
9-point font size “X” located on the Bernell Vergel device.
The examiner depressed a button on the device when the
participant reported diplopia or the examiner observed out-
ward deviation of one eye. The Bernell Vergel device uses
an on-board microprocessor and ultrasonic technology to
measure the distance from the participant to the target in
cm.

Table 1: Demographic Characteristics of Participants
(N=75) of the Current Study

Demographic Characteristic No. (%) or Mean (SD)2

Sex
Male 16(21.3)
Female 59(78.7)
Age,y 21.0(6.12)
Glasses/contacts 35(46.7)

a Age is reported as mean (SD).

STATISTICAL ANALYSES

A sample size calculation performed using G*Power!® with
an a=0.05, and a power of 0.95 determined 70 participants
were required to detect an effect size f=0.15, assuming an
average correlation between repeated measures of r=0.60.
Generalized estimating equations models were used for
analysis to address the repeated measurements within par-
ticipants, as well as the between-group differences. An ex-
changeable correlation matrix and log link function best fit
the data. Robust estimators were computed. A sequential
Bonferroni adjustment was used for follow-up comparisons.
Participant age was tested as a covariate, and the use of
glasses or contacts was tested as a fixed factor.

Reliability analyses were conducted to assess the level of
agreement across measurements using a two-way random-
effects (consistency) model based on an average measure-
ment. This method allowed bias assessment between mean
measurement differences and estimation of an agreement
interval, within which 95% of the differences between the
two measurements fell. For the ICC estimates, reliability
was evaluated as follows: values less than 0.50 were consid-
ered poor, 0.50-0.74 were considered moderate, 0.75-0.90
were considered good, and above 0.90 were considered ex-
cellent.20 Bland-Altman plots were also constructed based
on mean differences.!? In Bland-Altman plots, the y-axis
shows the difference between the two paired measurements
(A-B), and the x-axis is the average of these measures
([A+B]/2). Bland and Altman recommended that 95% of the
data points should lie within # 1.96 standard deviations
(SD) of the mean difference.l” The average of paired differ-
ences is zero if no bias exists between measurements. All
analyses were two-tailed, and the criterion level for signif-
icance was set a priori at P<0.05. Analyses were performed
using SPSS® statistical software version 25 (IBM Corp., Ar-
monk, NY).

RESULTS

Seventy-five participants (59 females, 16 males) com-
pleted the study. Demographic characteristics are reported
in Table 1. Twelve measurements of NPC were obtained for
each participant. The mean (SD) of the 900 NPC measures
was 7.11 (3.67) cm. Age was inversely correlated with NPC
(p<0.01), so it was retained in the model. The use of glasses
or contacts was not significant (p=0.72) and was discarded
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Table 3: Pairwise Comparisons of Near Point of Convergence (NPC) across the 4 Measured Test Targets

by Distance (N=75)

NPC Test NPC Test Mean Difference Standard Bonferroni-Adjusted P 9 i
v Oy ) Error Value 95% Cl for Difference
Lower Upper
Limit Limit
Bernell Tip of black 071 0.46 0.25 -1.75 0.32
Vergel pen
12-Point 133 0.32 <0.01 0.53 213
font
14-Point 1.37 0.36 <0.01 0.51 224
font
Tip of black 12-Point 204 035 <0.01 1.14 2.95
pen font
14-Point 209 0.35 <0.01 1.16 3.01
font
1:12-P0|nt 14-Point 0.04 022 0.84 -0.38 0.47
ont font

a8 NPC results are reported in cm.
Abbreviation: CI, confidence interval.

from the model. Table 2 reports the mean and 95% confi-
dence interval (CI) for the three trials of the four NPC mea-
surement tools. Table 3 presents the Bonferroni-corrected
results of pairwise comparisons across trials by measure-
ment tool. The NPC for the tip of the black pen was not dif-
ferent from the Bernell Vergel 9-point font device (p=0.25).
The NPC for the 12-point and 14-point font targets were
not different (p=0.84), but both were smaller than the tip
of the black pen and the Bernell Vergel 9-point font device
(P<0.01).

The ICCs of the four tests across the three trials were
all excellent: 12-point font target (ICC=0.96, 95%
CI=0.94-0.97); 14-point font target (ICC=0.98, 95%
CI=0.97-0.98); tip of the black pen (ICC=0.95, 95%
CI=0.92-0.96); and the Bernell Vergel 9-point font device
(ICC=0.95, 95% CI1=0.92-0.96).

The Bland-Altman plots for the pairwise measurements
across all tests are presented in Figure 1. Pairing of the
12-point and 14-point font targets had the narrowest limits
of agreement (Figure 1a), and pairing of the tip of the black
pen and the Bernell Vergel 9-point font device had the
widest (Figure 1f). The average of paired differences for the
12-point and 14-point font targets was zero (Figure 1a).
Bias was limited in measurements across all tests, but 3 of
the four measurements outside the limits of agreement for
the 12-point and 14-point font targets pairing occurred at
mean NPC less than 5 cm. For paired measurements, in-
cluding the Bernell Vergel 9-point font device (Figures 1b,
1d, 1f), extreme disagreements occurred at larger NPCs.

Sixty-one percent of all NPC measurements exceeded the
conventional NPC threshold of 5 cm for concussion screen-
ing. The mean NPC measurement by target with a break-
down by percentage of exceeding the 5 cm NPC threshold is
as follows: 12-point font target (66.7%); 14-point font tar-
get (61.3%); the tip of the black pen (88.4%); and the Bernell
Vergel 9-point font device (64.5%).

Table 2: Mean (95% Confidence Interval [CI]) of Near Point
of Convergence (NPC) for the 3 Trials of the 4 Measured
Tests (N=75)

NPC Test? Mean (95% Cl)
12-Point font target 6.25(5.55-7.04)
14-Point font target 6.21(5.57-6.92)
Tip of a black pen 8.30(7.62-9.04)
Bernell Vergel device 7.58(6.67-8.61)

A NPC results are reported in cm.

DISCUSSION

The purpose of this study was to determine whether four
different methods of measuring NPC yielded different es-
timates. These results suggest that NPC screening should
be performed using a standardized approach, such as the
VOMS because we found differences between the methods.
The tip of the black pen and the Bernell Vergel 9-point font
device, both small targets, had similar estimates of NPC.
The means of these two tests were 7.6 cm and 8.3 cm, re-
spectively, which is larger than the NPC threshold of 5 cm
for identifying a concussion, based on the VOMS protocol.
The mean NPCs for the 12-point and 14-point font targets
were 6.3 cm and 6.2 cm, respectively, and were not statisti-
cally different from each other, but they were significantly
different from the other, smaller targets. These results were
also larger than the NPC threshold for identifying a con-
cussion; however, this threshold has not been endorsed by
many disciplines.”18:21-24

Evaluation of NPC in the clinical environment often uses
items of convenience as targets, such as the tip of a pencil
or pen, a penlight, or the tip of the index finger.23 Although
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Figure 1a: Bland-Altman Charts for Pairwise Measurements of 12-Point Font and 14-Point Font. The blue lines
represent upper and lower 95% limits of agreement. The black line represents the mean of differences between the two
measurements.
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Figure 1b: Bland-Altman Charts for Pairwise Measurements of Bernell device and 14-Point Font. The blue lines
represent upper and lower 95% limits of agreement. The black line represents the mean of differences between the two
measurements.

convenient for screening, the items vary in size, and dex- NPC are used across disciplines.”13,22,23,28,29 Eor example,
terity is required to maintain a standardized approach to  Adler et al.18 investigated convenient tools that are used in
assessment.21-23,25-27 These pragmatic measurements of an optometry clinic, such as the tip of the pen, fingertip,
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Figure 1c: Bland-Altman Charts for Pairwise Measurements of Pen and 14-Point Font. The blue lines represent upper
and lower 95% limits of agreement. The black line represents the mean of differences between the two measurements.
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Figure 1d: Bland-Altman Charts for Pairwise Measurements of Bernell device and 12-Point Font. The blue lines

represent upper and lower 95% limits of agreement. The black line represents the mean of differences between the two
measurements.

penlight, and two targets suspended on a ruler that were get being moved towards the participant.

not 12-or 14-point font size in a population of children. In Setting a threshold for abnormal NPC can be challeng-
the current study, targets were similar in clinical usefulness ing. For instance, research suggests that approximately 5%
but were centered around investigating the size of the tar- of healthy, non-concussed adults routinely have an abnor-
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Figure le: Bland-Altman Charts for Pairwise Measurements of Pen and 12-Point Font. The blue lines represent upper
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Figure 1f: Bland-Altman Charts for Pairwise Measurements of Bernell device and Pen. The blue lines represent upper
and lower 95% limits of agreement. The black line represents the mean of differences between the two measurements.

mal NPC.13:22 Some have suggested that the prevalence of
abnormal NPC ranges from 1% to 33% in healthy individ-
uals.22 Optometrists suggest that normal NPC is between
8 cm and 10 cm, which calls into question the 5-cm NPC
threshold used in the VOMS. 18,24 This variability in thresh-

olds has led some to recommend baseline testing of the
NPC.30 A baseline measurement at the beginning of a sea-
son could be used as a comparison for athletes with a sus-
pected concussion. Moran et al.30 suggested that individu-
alized baseline testing could reduce the likelihood of false-
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positive assessments after a concussion. In the current
study, using the standard 5 cm NPC threshold resulted in
61.3% of participants receiving an abnormal NPC. If the
threshold for an abnormal NPC were set at 10 cm for
healthy, non-concussed individuals, then 32% of the par-
ticipants would be classified as abnormal. Thus, if the NPC
were not tested at baseline, a large percentage of healthy
participants in this study would be incorrectly classified as
abnormal. Considering the time required for the sports pro-
fessional to assess NPC at baseline, the Bernell Vergel may
be the most efficient screening tool for preseason baseline
measurement. Given these results, a baseline screening is
recommended to identify athletes with large NPCs so they
are not incorrectly classified as abnormal based on their
NPC score.

Although convergence insufficiency has been defined as
an abnormal NPC,13:29 optometrists and ophthalmologists
disagree with this suggestion.18:21,23,24,31 Ingtead, conver-
gence insufficiency should include multiple types of tests
and multiple measures to identify NPC. Ophthalmologists
perform comprehensive exams that use NPC as one of the
measures for assessing convergence insufficiency. In a re-
cent study, Stiebel-Kalish et al.23 used ocular alignment
with distance and near cover testing, Maddox distance het-
erophoria testing with a Maddox rod, Maddox-Thorington
near heterophoria testing with a Thorington card, Randot
stereopsis with booklet testing, NPC with a target-specific
to the patient’s vision, the amplitude of accommodation
with an acuity target, and fusional vergence with targets
and prisms. However, these optometric tests should only
be performed by ophthalmologists or optometrists who are
trained to administer them. Further, other disciplines
should not suggest that convergence insufficiency is only
identified by a reduced NPC and should not use the term
convergence insufficiency even if these disciplines are only
screening for NPC. Others should instead refer to a reduced
NPC result as an abnormal NPC to decrease confusion
across disciplines.

Results of the current study highlight the importance of
standardizing NPC screening. The larger targets tended to
have higher ICC values across the three trials and narrow-
er limits of agreement. If NPC is used in a serial fashion, for

example at baseline and periodically thereafter or as an as-
sessment of progress during rehabilitation from a concus-
sion, it is crucial that the same size target be used. Oth-
erwise, differences in estimated NPC due to measurement
variability will obscure any real changes that may be occur-
ring.

The current study had several limitations. For instance,
a convenience sample of participants recruited from a local
university was used, so results should be generalized with
caution. Another limitation is that the details of the par-
ticipants’ visual history were not obtained. As such, visual
dysfunctions, such as stigmatisms or other visual disorders,
may have influenced performance on the NPC tests. Partic-
ipants were asked if they wore glasses or contacts but were
not screened for behavioral/psychological disorders such as
ADHD or dyslexia that may have affected their test results.
Future studies should include a visual history to determine
whether this plays a role in NPC.

CONCLUSION

The VOMS, which uses a 14-point font size target for con-
cussion screening, is standardized and practical. Assess-
ment of NPC should be standardized across all disciplines
with respect to the target, the speed of the target being
moved toward the athlete, and the NPC cut-off score for
what is considered abnormal. Results of the current study
support previous research that indicates the size of the tar-
get used to measure NPC should be consistent across mea-
surements. The authors also recommend that NPC mea-
surements should be conducted pre-season to establish an
NPC baseline as a potential comparison if the athlete sus-
tains a concussion.
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