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Purpose: Measuring near point of convergence (NPC) has recently emerged as a concussion assess-
ment tool. Differences in administration of the test can be seen within the literature, which may affect
results and normative values. There has been little investigation examining if clinically accessible
target types affects NPC and no examination of NPC in a healthy, active young adult population.
Methods: NPC was measured in 39 subjects using 5 different targets two times each with an accom-
modative ruler. Results: NPC ranged from 1.5-10cm in this population with an overall mean of
5.9+1.6 cm. There were significant differences between the middle sized font and the line (p =
.024) and pen (p =.047), and also between the largest sized font and the line (p =.026). Conclu-
sion: For physically active young adults, the measurement of NPC is affected by target type.
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Introduction

The near point of convergence (NPC) is com-
monly assessed in vision exams as it measures the closest
point in space where a patient can see one target with
binocular vision. Typically an abnormal NPC is used to
help diagnose individuals with convergence insufficien-
cy, which is a vision disorder characterized by symptoms
such as double vision, eyestrain, headaches, blurred vi-
sion, or trouble reading (Lavrich 2010). This particular
symptom can be missed during a routine eye examine
because patients with otherwise normal vision can exhibit
an abnormal NPC. Several structures within the brain
such as the frontal eye fields (Gamlin & Yoon 2000),
supraoculomotor area, edinger-westphal nucleus, and
cerebellum all help influence vergence movements
(Haines 2006). These structures could potentially become
compromised during a brain injury such as concussion.

A concussion is an injury that can negatively af-
fect multiple brain functions including eye movements.
Visual tracking has been studied as a promising clinical
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tool for assessing concussion (Galetta et al., 2011; Maruta
et al., 2010; Pearson et. al., 2007) and post concussion
syndrome (Heitger et al. 2000). Likewise, examining a
person’s NPC has also been shown as a valuable tool in
assessing traumatic brain injury (Ciuffreda et al. 2007).
More recently, a receded NPC has been identified in in-
dividuals suffering with a mild traumatic brain injury
(Mucha et al., 2014; Szymanowicz et al., 2012). With
further standardization of this simple test, it could poten-
tially be incorporated into a concussion assessment.

The NPC can be easily and quickly measured;
however, there have been conflicting findings for norma-
tive values of this measurement ranging from 5 to 15
cm’s (Capobianco et al., 1952; Cohen et al., 1983; Davies
1946; Helveston et al., 1985; Hayes et al., 1998; Hoffman
et al., 1980; Mohindra et al., 1980; Mucha et al., 2014;
Pickwell et al, 1981; Scheiman et al., 2003). These varia-
tions may be due to the difference in administration tech-
niques (Scheiman et al., 2003). Authors have either not
disclosed the targets used in their study (Davies et al.,
1946; Pickwell et al., 1981), or have used different target
types including a penlight (Adler et al., 2007; Capobianco
et al.,1952; Scheiman et al., 2003), a black line on a white
card (Adler et al., 2007; Pickwell et al, 1981; Siderov et
al., 2001), pen or pencil tip (Adler et al., 2007; Siderov et
al., 2001), fingertip (Adler et al., 2007; Siderov et al.,
2001) and/or letters (Hayes et al., 1998; Scheiman et al.,
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2003). The lack of test procedure standardization in the
literature limits clinical usefulness of measuring NPC.

The variability in normative values for this
measurement may also be due to differences in ages ex-
amined. Recently, an investigation (Mucha et al., 2014) in
youth athletes demonstrated the clinical usefulness in
using NPC to diagnose a concussion and suggested a cut
point of >5cm. This cut point may not be generalizable
to other at risk populations. Considering those without
brain injury may also experience convergence insuffi-
ciency, it may be most appropriate to use the test in con-
junction with baseline measurements. There has been no
investigation of NPC in a young adult aged, healthy,
physically active population. The effect of clinically ac-
cessible target types on NPC has also not been evaluated
in this population. Therefore, the purpose of this study
was to determine if target type (font sizes, pen tip, or
black line on a card) influences NPC in a healthy, physi-
cally active, young adult aged population in order to fur-
ther standardize this assessment tool.

Materials and Methods

A cross-sectional repeated measures design was
used in this investigation with near point of convergence
being the dependent variable and target type being the
independent variable. Thirty nine subjects, who signed
Institutional Review Board approved consent forms, par-
ticipated in the study (males =13; females =26). All par-
ticipants were between 18 and 30 years of age (23.6 +
3.1yrs) and exercised at least three times a week for 30
minutes or more. Exclusionary criteria included not using
corrective eyewear (e.g. contact lenses, glasses, etc.); any
disease, disability, or other issue that affects the ocular
system; recent (within 6 months), unresolved, or chronic
brain injury. A health history questionnaire was used to
determine participant testing eligibility. Participants an-
swered a battery of questions regarding age, gender,
weekly activity level, history of concussions, and ocular
health. If the participants answered yes, they were asked
to provide additional information (e.g. how many concus-
sions and when, balance issues,) to determine if these
issues would be considered exclusionary criteria.

Using a near point rule (Figure 1), the NPC was
measured for all subjects using three different sized
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format, a pen tip, and a black line. The target was moved
towards the subjects nose at a slow pace of about 1-2
cm/s. The break point, or point at which diplopia was
experienced or ocular alignment was lost, was recorded.
All subjects were simply instructed to alert to examiner
as to when the target became not just blurry, but double
in appearance. Each target was tested twice and all trials
were randomized. Statistical analysis was performed us-
ing a repeated measures analysis of variance (ANOVA),
which was followed up using paired samples t-tests.

Figure 1
Accommodative Ruler

Results

Descriptive statistics for NPC values by target type
are summarized in Table 1. Measurements for the NPC
ranged from 1.5 to 10cm. The repeated measures ANO-
VA showed a significant main effect for target type (Ta-
ble 1). Subsequently, post hoc paired samples t-tests (Ta-
ble 2) revealed significant differences between the mid
size font and both the drawn line and pen tip, and the
largest font and the drawn line. Specifically, NPC for the
mid sized font was 7% and 6% greater than the draw line
pen tip, respectively. Also, NPC for the largest font was
6% greater than the drawn line. Effect sizes for the sig-
nificant findings ranged from .22 to .26. No other statis-
tically significant results were obtained. Intra-rater relia-
bility was found to be .75.

Table 2
Target Type Mean SD Minimum Maximum Median Mode
Font 1 (8 pt) 5.92 1.41 8 6 6
Font 2 (11 pt) 6.04 1.63 10 6 6
Font 3 (14 pt) 6.00 1.66 9 6 5
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Line 5.62 CresatiV&@ommons Attributi@n 4.0 International ligense. 5.5 6
Pen 5.69 1.54 10 5.5 5




Journal of Eye Movement Research

8(3):1, 1-6
Paired Samples t test
Pair t-value Sig Effect

(2-tailed)  Size
Pair1 Font1-Font 2 -0.992 327 .08
Pair2 Font1-Font3 -.0654 517 .05
Pair3 Font1 - Line 1.830 .075 .20
Pair4 Font2—Font3 1.344 187 .16
Pair5 Font2—Font3 0.434 .667 .02
Pair6 Font2 - Line 2.344 .024* .26
Pair7 Font2 - Pen 2.052 .047* 22
Pair8 Font 3 — Line 2.317 .026* 23
Pair9 Font 3 — Pen 1.847 .072 .19
Pair 10 Line - Pen -0.257 .799 .05
Note: *p<.05

Discussion

This study investigated whether target type
makes a difference in the assessment of NPC, and if clin-
ically accessible tools, like a pen, would yield similar
results to more traditional evaluation tools. The fonts
yielded more remote measurements upon comparison to
the line and pen tip. The effect size for these measure-
ments was greater than .2 indicating there is a small yet
clinically meaningful difference between these targets.

To our knowledge, this is the first study to ex-
amine the measurement of NPC in a young adult aged,
healthy, active population. Our results were similar to
Siderov et al. and Adler et al. findings and their averages
for NPC. Contrarily, Scheiman et al. (2003) results
yielded less remote measurements for NPC (Table 1).
Ultimately, because of their findings, Scheiman et al.
recommended a clinical cut off point of Scm for NPC
measurement indicating dysfunction. Scheiman et al.
investigated the most appropriate target to be used for
NPC assessment using 175 optometry students ranging in
age from 22 to 37 years old. The targets investigated
were a penlight with red and green glasses, and an ac-
commodative target with a single 20/30 letter. Like our
study, statistically significant differences between target
types were found.

Adler et al. (2007) used a pencil, fingertip, pen-
light, letter, and a line on a card to examine NPC within
different age groups ranging from 6 to 30 years. The
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penlight was found to produce significantly more remote
NPC measurements. Additionally, they reported that
when using a Royal Air Force (RAF) rule, similar to the
accommodative ruler used in our study, more remote
measurements were produced. The value of convenience
in using such an instrument was noted and ultimately the
studied concluded that different targets do not affect
NPC. Similarly, Siderov et al. (2001) examined NPC
using the RAF rule, pencil tip, and fingertip. This inves-
tigator used a small sample of 14 optometry students with
a mean age of 25 years and also concluded that target
type does not affect NPC assessment.

Previous studies (Adler et al., 2007; Scheiman et
al., 2003; Siderov et al., 2001) agreed that targets with
high accommodative demand evoke more accurate meas-
urement of NPC. These targets cause the eyes to elicit an
accommodative response, which is closely related to the
process of convergence because it helps the eye focus on
objects at different distances. Because such a target uti-
lizes all aspects of convergence including fusional, prox-
imal, and accommodative convergence, they produce the
best results. Accommodative targets have also been rec-
ommended, over pen light targets, for less variability has
been found in measurements found with an accommoda-
tive target (Ciuffreda 1974). Beyond this discrepancy,
target type does not seem to affect NPC within normal,
healthy individuals

The populations examined in three of these re-
cent investigations (Adler et al., 2007; Scheiman et al.,
2003; Siderov et al., 2001) consisted of optometry stu-
dents. Assessing individuals whom are familiar with the
aims of this visual measurement can be problematic for
they anticipate the appropriate response and may be able
to influence these movements. Differences between
those knowledgeable of the test, and those naive to its
purpose have been identified in measuring vergence
(Hoffman & Riddell 2010). This could account for a
variance in NPC measurements between these studies.

Recently, there was an investigation (Mucha et
al., 2014) to see if a battery of tests, including NPC,
could help identify young athletes with a concussion.
Sixty-four patients were examined with this tool after
having suffered a concussion and compared to 78 con-
trols. The control group averaged significantly better (1.9
+ 3.2cm) than the concussed group (5.9 + 7.7cm). Based
on their findings, the investigators recommended a cutoff
of >5cm when identifying patients with a concussion.
With this cutoff, many of our healthy participants fell
above this cutoff as our overall average for NPC was
5.85cm with a range of 1.5-10cm. The NPC assessment
was administered in the same way as our study, using a
14 point size font as a target. One difference between the
studies was the age group being assessed. Mucha et al.
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examined subjects aged 13.9 + 2.5 years, while we exam-
ined subjects 23.6 + 3.1 years of age. Beginning around
the age of 5 years, accommodation, a closely related vis-
ual mechanism to convergence, begins to decrease
throughout ones life (Earnes et al., 1961; World et al.,
1967). Some evidence (Bruce et al., 1994) has also indi-
cated that the accommodation convergence interactions
decrease from 20 to 40 years of age. In the absence of a
baseline, these age differences should be accounted for
when assessing a person’s NPC as it may change a possi-
ble concussion cutoff score.

Ocular-motor function has been studied as a
possible assessment tool for concussion (Galetta et al.,
2011; Maruta et al., 2010; Pearson et. al., 2007) and post
concussion syndrome (Heitger et al. 2000). Due to the
potential poor outcomes associated with history of con-
cussion in some athletes, it is important for sports medi-
cine personnel to identify any occurrence and ensure
proper rehabilitation and recovery from this injury. Dys-
function of the vergence system could lead to a slowed
rehabilitative progress after concussion, but with early
ocular-motor intervention there is the possibility of re-
solving other symptoms that were secondary to an ab-
normal NPC.

Investigating the effects of different targets on
the measurement of NPC is especially useful when per-
forming this examination outside of a Optometry office.
Within nontraditional settings, such as an athletic side-
line, traditional targets or tools may not be accessible to
practitioners, leading them to use instruments such as a
pen tip. Understanding the effect of these targets on NPC
will help to guide practitioners in their assessment of a
possible injury such as a concussion.

Conclusion

For healthy young adult subjects whom are physically
active, the measurement of NPC is affected by target
type. Statistically different results were found between
the middle sized font and the line and pen, and also be-
tween the largest sized font examined and the line. These
differences suggest there is a small yet clinically mean-
ingful difference when examining a healthy population
with different targets. Furthermore, NPC measurements
may range from 1.5 to 10cm indicating a cutoff point of >
Scm may not be appropriate to diagnose dysfunction for
this age group. Consistency in administration of this test
is imperative to produce meaningful results, especially
when comparing baseline to post-injury scores.
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