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e PURPOSE: To determine the frequency of occurrence of
receded near point of convergence (NPC) in patients with
chronic concussion-related symptoms and in those with
receded NPC to enumerate the frequency of convergence
insufficiency and other oculomotor disorders.

* DESIGN: Retrospective cross-sectional study.

e METHODS: Clinic charts were retrospectively reviewed
for the prior 3.5 years to identify all patients < 21 years
old who were > 28 days postconcussion, had chronic
concussion-related symptoms, had normal visual acuity,
and had received a comprehensive sensorimotor examina-
tion. The frequency of receded NPC and oculomotor di-
agnoses were determined.

e RESULTS: Of the 83 eligible patients, 74 (89%) had
receded NPC. Of these, 70 (95%) had oculomotor disor-
ders; 30 (41%) had disorders of accommodation only; 21
(28%) had convergence insufficiency and accommoda-
tion deficits; and 6 (8%) had convergence insufficiency
only. Six (8%) had a convergence deficit other than
convergence insufficiency (all with concurrent accommo-
dative disorders); 4 (5%) had both a nonspecific vergence
dysfunction and accommodation deficits; 2 (3%) had
convergence excess only; and 1 (1%) had both conver-
gence excess and accommodative deficits.

e CONCLUSION: A receded NPC was present in the
majority of young patients with chronic postconcussion
symptoms. Associated with numerous underlying oculo-
motor dysfunctions, the clinical finding of a receded
NPC is not synonymous with the diagnosis of conver-
gence insufficiency. Because treatment options for the
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various oculomotor dysfunctions differ, it is prudent
that these patients undergo a thorough examination of
their vergence and accommodative systems so that an ac-
curate diagnosis can be made and appropriate treatment
prescribed. (Am ] Ophthalmol 2019;206:235-244.
© 2019 Elsevier Inc. All rights reserved.)

ONCUSSION, THE MOST COMMON TYPE OF TRAU-

matic brain injury (TBI), is a form of mild TBI

(mTBI) that is caused by a closed head injury. A
conservative estimate of sports-related TBIs alone is 3.8
million annually in the USA," with many more that are
probably unrecognized or unreported.'” Although most
patients who suffer concussions recover over the course of
a few weeks, some have significant long-term cognitive,
physical and/or emotional sequelae that persist for months
or years.’

There has been increased interest in identifying simple
and rapid tests to diagnose deficits related to concussion,
including those affecting visual function.”” A clinical
measure of visual function that has received considerable
attention in the evaluation of sports-related concussion is
the near point of convergence (NPC)."*” A measure of
how close one can bring a small object to the nose while
maintaining fusion (total convergence ability), NPC
testing is easy to administer and to interpret. Generally,
if the NPC measure is more than 5 to 7 cm distant from
the center of the forehead or from the lateral canthus, it
is considered receded (ie, abnormal).'®'?

Of the 5 components of the Vestibular/Ocular Motor
Screening™ ' tool that is commonly used in sports-
related concussion evaluations, a receded NPC has been
identified postconcussion in some athletes.”'” There are
reports of a 24% frequency in 5- to 18-year-olds after acute
concussion in a selected population referred to a specialty
clinic” and of at least a 49% (total not reported) of adoles-
cents cared for in a corr_lprehensive concussion program at a
tertiary care hospital.'” A receded NPC may also be associ-
ated with repetitive subconcussive head impacts in colle-
giate football players'® and with worse neurocognitive
impairment postconcussion.8

Although NPC testing has utility as a rapid screening
tool for acute and subacute postconcussion symp-
toms,**”1° the clinical finding of a receded NPC is not
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synonymous with the diagnosis of convergence
insufficiency. Convergence insufficiency is a medical
diagnosis for a specific oculomotor dysfunction. A
diagnosis of convergence insufficiency is made based on a
combination of clinical findings, most commonly
described as an exophoria (a tendency for the eyes to
drift apart) of larger magnitude at near-viewing distances
than at far-viewing distances and accompanied by a
receded NPC and/or decreased near convergence ampli-
tudes (positive fusional vergence ranges).' "’

The objective of this study was to determine the
frequency of occurrence of receded NPC in young patients
with chronic concussion-related symptoms treated at a ter-
tiary care hospital and to determine the frequency of
convergence insufficiency and other oculomotor dysfunc-
tions in those with receded NPC.

METHODS

e STUDY DESIGN: Retrospective cross-sectional study.

e PATIENT SELECTION: We conducted a retrospective
chart review of patients with diagnoses of concussion
who underwent comprehensive sensorimotor evaluations
conducted by the first author (AR) in the Multidisciplinary
Concussion Clinic between July 2014 and January 2016 or
in the Pediatric Ophthalmology Clinic between August
2012 and December 2015. The diagnosis of concussion
was made by the treating neurologist or sports-medicine
physician in accordance with the Berlin Consensus State-
ment on Concussion in Sport.”” Patients < 21 years of
age who had complete sensorimotor examination findings
(see test procedures below) and best-corrected distance
visual acuity of 20/25 or better in each eye and were exam-
ined > 28 days postconcussion were included. Patients with
amblyopia, constant strabismus, history of vision therapy or
orthoptics, malingering or conversion syndrome diagnosis
by a board-certified psychologist, or ocular pathology
were excluded. The Boston Children’s Hospital Institu-
tional Board Review approved the study under an exempt
medical records review protocol.

e TEST PROCEDURES: The sensorimotor evaluation
included measures of eye alignment and near stereoacuity
and a comprehensive assessment of the vergence and
accommodative systems (Figure 1).”' The vergence mea-
sures were the NPC, near convergence and divergence am-
plitudes (positive and negative fusional vergence ranges)
and near vergence facility. Accommodative testing was
composed of accommodative amplitude and accommoda-
tive facility measures. All tests were done with best dis-
tance refractive correction in place (if needed for
distance visual acuity of 20/25 or better).
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e VERGENCE TEST PROCEDURES: Near  point  of
convergence. Using a 20/50 letter target (Figure 1, A)
placed 40-50 cm from the patient’s eyes, the examiner
slowly moved the target at a velocity of 1-2 cm/second'®*’
toward the patient’s eyes. The patient was asked to report
when the letter doubled or split into two, at which time the
examiner stopped moving the target and measured the
distance from the target to the patient’s lateral canthus
(representative of the center of rotation of the eyes) in
centimeters.'*’ The examiner then moved the target away
from the patient until single vision was reported and
similarly measured that distance. Patient report of fusion
loss and recovery were confirmed by the examiner’s
observation of misalignment and realignment of the
patient’s eyes. When the examiner’s objective assessment
and the patient’s subjective report differed, the test was
repeated; if the measures still differed, the examiner’s results
were recorded.

Vergence Amplitudes (Fusional Vergence Ranges) at
Near. Near convergence and divergence amplitudes (posi-
tive and negative fusional vergence ranges) were measured
by a horizontal prism bar (1-40A) (Figure 1, B). For
convergence amplitudes, the patient viewed a 20/50-sized
single-letter target at 40 cm while the examiner slowly
introduced increasing magnitudes of base-out prism after
asking the patient to report when the target doubled or split
into two; this was considered the endpoint and recorded as
the “break.” The prism was then reduced in magnitude, and
the patient reported when the two images fused back into a
single image; this was the “recovery” finding. Divergence
amplitudes were measured similarly using base-in prism.

Vergence Facility. For vergence facility at near, the
examiner used a hand-held vergence facility prism set
(Figure 1, C), composed of a 3A base-in prism mounted
on top of a 12A base-out prism (Gulden Ophthalmics,
Elkins Park, Pennsylvania, USA). While the patient
viewed a pen tip at approximately 40 cm, the examiner
placed the base-in prism over the patient’s right eye. The
patient was instructed to try to fuse the two images into
one as quickly as possible if two pen tips were noted and
to report as soon as a single image was seen. When the
pen tip was reported to be single, the examiner then
quickly slid the vergence facility set upward so that the
12A base-out prism replaced the 3A base-in prism. The
examiner counted the number of cycles (one cycle being
the ability to fuse the image with base-in prism followed
by the base-out prism) attained in one minute. The
examiner recorded whether it was more difficult to fuse
with one base orientation vs the other.

e ACCOMMODATION TEST PROCEDURES: Amplitude of
accommodation. Monocular amplitude of accommodation
was measured in each eye using the push-up method.”*

(OCTOBER 2019



Instrumentation used for vergence testing:
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Instrumentation used for accommodation testing:
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FIGURE 1. Assessment of vergence and accommodation. Top photos show instrumentation used for vergence testing. (A) Accom-
modative target to test near point of convergence; (B) Horizontal prism bar used for convergence and divergence amplitudes (fusional
vergence ranges); (C) Vergence facility wedge (12A base out and 3A base in). Bottom photos show instrumentation used for accom-
modation testing. (D) The first line of letters on the card corresponds to 0.8 M ( ~20/40; 6-point type) used for assessment of accom-
modative amplitude; ( E) word card used and + 2.00 diopter flipper lens used for accommodative facility testing.

With the fellow eye occluded, a target consisting of 0.8 M-
sized letters (~20/40 or 6-point type) (Figure 1, D) was
slowly moved from a starting point of ~60 cm toward
the patient’s open eye. The distance in centimeters from
the lateral canthus to the point when the patient
reported sustained blurring of the letters was recorded as
the distance to blur. The target was then slowly moved
away from the patient until it became clear, and this
distance was recorded as the distance to recovery. The
mean of the distance to blur and the distance to
recovery, measured in centimeters, was converted to
meters, and its inverse was recorded as the
accommodative amplitude in diopters (D).””*°

fellow eye occluded, the speed at which the patient re-
ported 20/30-sized words to be clear at 40 cm through
alternating +2.00 D and —-2.00 D lenses (Figure 1, E)
was measured in cycles per minute. One cycle was the
ability to clear the plus lens followed by the minus
lens. The examiner documented when the patient
exhibited increased difficulty in attaining clarity with
one lens vs the other.

e CLINICAL DIAGNOSES: Each patient was classified as
having normal binocular vision, a vergence disorder
(ie, convergence insufficiency, convergence deficit,
convergence excess, nonspecific vergence dysfunction)

and/or accommodative disorder (ie, accommodative

Accommodative Facility. Monocular accommodative fa- insufficiency or infacility) wusing the criteria in
cility was measured in each eye separately. With the Table 1.1>21:%7
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TABLE 1. Diagnostic Criteria for Vergence and Accommodation Disorders

Clinical Diagnosis and Findings Diagnostic Criteria

Convergence Insufficiency First criterion and one other must be met

Exophoria at near 44 or greater than magnitude at distance

Near point of convergence (NPC) >7cm

Convergence amplitude at near <15 break or the Sheard criterion® not met

Vergence facility (3ABI/12ABO) < 9 cpm; difficulty fusing BO prism
Convergence Deficit” First criterion and one other must be met

Near point of convergence (NPC) >7cm

Convergence amplitude at near < 15A break or the Sheard criterion® not met

Vergence facility (3ABI/12ABO) < 9 cpm; difficulty fusing BO prism
Convergence Excess First criterion and one other must be met

Esophoria at near >3A

Divergence amplitude at near < 8A break or if the Sheard criterion® not met

Vergence facility (3ABI/12ABO) < 9 cpm; difficulty fusing Bl prism
Nonspecific Vergence Dysfunction Either criterion is met

Vergence amplitudes Divergence < 8A break and convergence < 15A break

Vergence facility (3ABI/12ABO) < 9 cpm; difficulty fusing with both Bl & BO prism
Accommodative Disorders Monocular criteria: met for one or both eyes

Accommodation insufficiency > 2 D less than 15-0.25 (age in years)

Accommodative infacility (==2.00D) <6 cpm

Bl = base-in; BO = base-out; cpm = cycles per minute; A = prism diopter; D = diopters; NPC = near point of convergence.
@Compensating vergence amplitudes (positive or negative fusional vergence) of at least twice the magnitude of the near phoria.
bPatients did not have an exophoria greater at near than at far.

TABLE 2. Patient Demographics and Clinical Characteristics

Mean (SD) Median Range

Age (years) 15.3 (2.6) 15.5 8.5t020.9
Time from injury to examination (days) 210 (283) 118 32 to 1528
Refractive error (spherical equivalent, D) 0.16 (1.22) 0.50 -5.38 to 1.50
Near stereoacuity (seconds of arc) 44.7 40 20 to 100
Cover test distance (A, +exo, —eso) +0.04 (0.2) 0 Oto +2
Cover test near (A, +exo, —eso0) +1.8(4.7) +1.0 -14to +14
Vergence measures

Near point of convergence break (cm) 11.0 (4.4) 10.5 310 33

Convergence amplitude at near (A) 23.6 (8.7) 25 410 40

Divergence amplitude at near (A) 11.0 (3.6) 12 410 20

Vergence facility (cpm) 12.8 (6.2) 13.0 0to 25
Accommodation measures®

Amplitude of accommodation (D) 8.0 (1.8) 8.2 3.1t0 11.8

Accommodative facility = 2.00 D (cpm) 6.0 (3.8) 5.5 Oto 14

cpm = cycles per minute; A = prism diopter; D = diopters; eso = esodeviation; exo = exodeviation; SD = standard deviation.
#Monocular testing; worse eye

e STATISTICAL ANALYSIS: The frequency of vergence and RESULTS
accommodative dysfunctions, as defined in Table 1, were
calculated to determine the prevalence of differing types | THIS RETROSPECTIVE REVIEW YIELDED 148 PATIENTS OF
of oculomotor dysfunction in this clinical sample of patients | whom 83 (56%) met the inclusion criteria. For these 83 pa-

with postconcussion syndrome. Descriptive statistics are re- tients, the average age at the time of evaluation was 15.3
ported using means (* standard deviation), medians and (£ 2.6) years; 53 (64%) were female. The median time
ranges for patient demographics and clinical characteristics. postinjury was 118 days (range: 32-1528), with concussion
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FIGURE 2. Oculomotor disorders in patients with receded near point of convergence (NPC). CI = convergence insufficiency; CD
= convergence deficit; CE = convergence excess; VD = non-specific vergence dysfunction; AD = accommodation disorder (insuf-

ficiency and/or infacility).

reported to result from sports-related injuries for 50 (60%),
motor vehicle accidents for 12 (14%) and other injuries or
falls for 21 (25%) of the patients. For most patients (n = 48;
58%), this was their first concussion; for 18 (22%) it was
their second, and for 17 (20%) it was at least their third
concussion. Emmetropic to low hyperopic (spherical equiv-
alent < 1.50 D) refractive error was found in 67 (81%) of
the patients. The demographic and clinical characteristics
of these patients are shown in Table 2.

The sensorimotor evaluation revealed that 74 of the 83
(89%) patients with postconcussion symptoms had receded
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NPC. Of these patients with receded NPC, 70 (95%) had
an oculomotor disorder. Deficits in accommodation were
present in 84% (62 of 74), either solely (41%; 30 of 74)
or combined with disorders of vergence (43%; 32 of 74).
Vergence disorders were found in 54% (40 of 74), and these
were usually (78%, 32 of 41) accompanied by an accommo-
dative disorder (Figure 2).

As illustrated in Table 3, the patients with receded NPC
exhibited various types of oculomotor disorders. Although
45% (33 of 74) of the patients with receded NPC had defi-

cient near convergence ability, only 27 of 74 (36%) met
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TABLE 3. Patients with Receded NPC: Oculomotor
Dysfunction Diagnosis

Oculomotor Diagnosis N (80) %

Accommodative Disorder Only

e Insufficiency 12 15%
e Infacility 7 9%
¢ Both insufficiency and infacility 12 15%
Total Accommodative Disorder Only 31 39%
Convergence Insufficiency
Only 6 8%
Concurrent Accommodative Disorder
e Accommodative insufficiency 9 11%
e Accommodative infacility 2 3%
e Both insufficiency & infacility 10 12%
Total Convergence Insufficiency 27 34%
Convergence Deficit
Only 1 1%
Concurrent Accommodative Disorder
e Accommodative insufficiency 3 4%
e Accommodative infacility 0 0%
® Both accommodative insufficiency and 5 6%
infacility
Total Convergence Deficit 9 1%
Convergence Excess
Only 2 3%
Concurrent accommodative insufficiency & 1 1%
infacility
Total Convergence Excess 3 4%

Non-specific Vergence Dysfunction
Concurrent Accommodative Disorder

e Insufficiency 1 1%
¢ Both insufficiency and infacility 4 5%
Total Non-specific Vergence Dysfunction 5 6%
Normal Binocular Vision 5 6%

NPC = near point of convergence.

the criteria for the diagnosis of convergence insufficiency;
among these patients with convergence insufficiency, 21
of 27 (78%) had a concurrent accommodative disorder.
Convergence insufficiency, as the sole oculomotor diag-
nosis, was present in only 6 cases (8%). Convergence
excess and nonspecific vergence dysfunctions were diag-

nosed in 2 of 74 (3%) and 4 of 74 (5%), respectively.

DISCUSSION

IN THIS CLINICAL COHORT OF YOUNG PATIENTS WITH
chronic concussion-related symptoms, a receded NPC
was the most common vision-related clinical finding,
occurring with a frequency of 89%. Because there are no
population-based data in regard to the prevalence of or nat-
ural history of receded NPC in the general or postconcus-
sion populations, we cannot compare our data. A report
on a clinically based cohort of adolescents with
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concussion,’ however, provided a prevalence of at least
49% for receded NPC; because they did not report data
for NPC apart from its being a requirement for the diag-
nosis of convergence insufficiency, the exactprevalence of
receded NPC in their cohort is unknown.

Among those with receded NPC, nearly all (95%) had
an oculomotor disorder affecting vergence, accommoda-
tion or both. Overall, an accommodative deficit, whether
independent or coexisting with a vergence disorder, was
the most common oculomotor disorder found in these
young patients who were symptomatic postconcussion.
Convergence insufficiency, in isolation or concurrent
with an accommodative disorder, was the most common
vergence disorder, but it occurred in only one-third of
the patients.

Our findings support prior observations that receded
NPC is a common sequela in young patients after concus-
sion”!” and demonstrate that a receded NPC can persist
for many months or even years after injury. However, our
data illustrate that a receded NPC postconcussion is not
synonymous with the diagnosis of convergence
insufficiency. Among those with receded NPC, there
were many patients who had only accommodative
disorders, and there some who had
convergence excess (a tendency of the eyes to turn
inward, rather than outward). Thus, alhough the clinical
finding of receded NPC in patients with postconcussion
syndrome can be a harbinger of various oculomotor
disorders, it is not synonymous with the diagnosis of
convergence insufficiency.

Accommodative disorder, characterized by a reduced
ability to focus or sustain focus at near, based on age-
expected norms (accommodative insufﬁciency),ll‘zs‘w
reduced latency and speed of the accommodative
response (accommodative infatcility)“’\";l was the most
common anomaly (84%) found in our patients after
concussion who had receded NPC. Accommodative
system dysfunction is commonly found in association
with convergence insufficiency in young individuals
without concussion’'’; thus, it is not remarkable to
find compromised accommodation among patients after
concussion who have receded NPC. Accommodation
and convergence are coupled physiologically,” and a
receded NPC may result from understimulation of conver-
gence because of inadequate accommodative input
through the accommodative-convergence link.””°
Some theorize that when convergence insufficiency and
accommodative insufficiency coexist, the
accommodative deficit is often primary,””’*”" and
treatment of the accommodative disorder results in
resolution of the vergence disorder.”’”” This obviously
has implications for treatment. For instance, base-in
prisms would not be an appropriate treatment if the
source of the presumed convergence insufficiency is hypo-
accommodation, whereas accommodative therapy or
added plus lenses at near would be appropriate.

were  even
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TABLE 4. Procedure for Near Point of Convergence Testing

1. Ensure that patient is wearing his or her refractive correction and that there is good illumination using ambient and overhead lighting.
2. Place a target consisting of a single vertical line of 20/30 letters (or single letter) in the movable target holder on the Near Point Rule at

approximately the 40 to 50 cm mark.

3. Gently rest the end of Near Point Rule between the patient’s eyes at the level of the eyebrows.
4. Instruct the patient to “look at the line of letters and try to keep them single (one) as long as possible, but tell me when they break into two and

you see double.”

5. Slowly move the target toward the patient’s eyes at a rate of 1 to 2 cm/second until the target is reported to be double.

6. When the patient reports the target has split into two, ask the patient if she/he “can get the target back into one, or does it stay double (two)?”

7. If the target is reported to come back into one, continue to move the target closer until the target doubles again. When the patient can no
longer keep the target single, record the value noted on the near point rod to the nearest half centimeter using the center of the brow as the

zero-measure point.
Of note:

e One can repeat the NPC 2 or 3 times and use the mean of the measures.

* Some patients do not see diplopia because they suppress it; thus, the examiner should watch the eyes carefully for a loss of fusion (one of
the eyes moves outward instead of continuing to converge with the other eye). Loss of fusion in the absence of diplopia is also an
endpoint, and the distance at which this happens is the near point of convergence.

Adapted from the Convergence Insufficiency Treatment Study Procedures Manual

Manual of Procedures.**

I°® and the Convergence Insufficiency Treatment Trial

Accommodative disorders have been reported to be com-
mon postconcussion sequelae in other studies,"”*** but
they are not necessarily associated with a receded NPC.

It is difficult to make direct comparisons of the fre-
quencies of oculomotor disorders found in this study with
those found in other studies because of differences in pa-
tient age, time since concussion, measurement protocols,
definitions of oculomotor disorders, and inherent differ-
ences between the general population of patients with
concussion and those referred to a specialty clinic at a ter-
tiary care hospital. In regard to measurement protocols, the
convergence amplitudes for this study were determined
based on the break point rather than the blur point, as is
used in some other studies of convergence insufficiency.'
This could have underestimated the number of those diag-
nosed with convergence deficits in our study. Conversely,
by using the 2-clinical sign definition of convergence insuf-
ficiency in the present study, rather than the 3-clinical sign
definition'” that is often used in treatment-intervention
studies,’”** we may have overestimated the diagnosis of
convergence insufficiency (38% vs 14%). Furthermore,
those diagnosed with convergence deficit might be
considered by some to have convergence insufficiency,
despite not having a greater exodeviation at near than at
far.¥ " Nevertheless, our goal was not to estimate
prevalence rates but to determine the types of
oculomotor disorders associated with receded NPC.

As is true for any medical condition, an accurate diag-
nosis is imperative so that the most appropriate treatment
can be prescribed. For example, if receded NPC is assumed
to be diagnostic of convergence insufficiency in patients
with postconcussion vision symptoms, convergence exer-
cises will probably be prescribed. However, this treatment
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modality would not be appropriate for the many patients
who do not have simple convergence insufficiency.
Differing treatment options or, in the case of a therapy pro-
gram, differing procedures and sequencing of procedures
would be prescribed for the those with other oculomotor
dysfunctions, including the convergence insufficiency pa-
tients with comorbid accommodation deficits.”!

In instances of accommodative system dysfunction, the
correction of small to moderate (< 1.50 D), uncorrected
hyperopic refractive errors may be warranted because the
resultant decrease in accommodative demand may alle-
viate visual symptoms. Furthermore, a hyperopic correc-
tion may help to stabilize accommodation and facilitate
normal binocular vision.”® This also applies to other types
of refractive error, particularly astigmatism, where consis-
tently clear and maintained retinal images from refractive
error correction have been shown to result in the recovery
of normal vergence and accommodation.”"” Aside from
refractive correction, the types of eye exercises and vision
therapy to be prescribed and whether prism glasses or
bifocal lenses would be beneficial differ based on the type
of the oculomotor disorder. For example, bifocal lenses
are often helpful for symptomatic relief for those with
accommodative insufficiency or with convergence
excess.”! Specific to mTBI, a recent pilot study of spectacle
treatment that optimized near visual function was reported
to reduce symptoms and enhance reading performance in a
number of patients.”’

NPC measurements are noninvasive, do not require
expensive equipment, can be obtained quickly, and are reli-
able.”! Moreover, testing is easily accessible by a variety of
health care providers (eg, primary care physicians, neurol-
ogists, sports medicine providers, and allied health
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FIGURE 3. Near point rule with the single vertical line target
used for near point of convergence (NPC) testing.

professionals). With NPC testing becoming more wide-
spread among those caring for patients with concus-
sions,”"””? we recommend employing a standardized
NPC testing protocol (see Table 4 and Figure 3)7*°*
using the near point rule (accommodation rule) (Gulden
Ophthalmics, Elkin Park, Pennsylvania, USA), a plastic
rod marked with centimeter and dioptric increments and
including a sliding card holder, where a fixation target
composed of small letters is inserted. The zero-measure
point should be the center of the forehead at the level of
the brow (ie, glabella), not the tip of the nose, as has
been done in some studies,””® because the latter
underestimates the NPC measure. A measure of 6 cm or
greater, based on patient report of diplopia or examiner
observation of loss of fusion, is considered
abnormal.'"! "% We recommend that this standardized
method with the accommodative rule (Table 4)
(Figure 3) be used clinically and for research purposes. It
has been used in a number of recent randomized treatment
trials'”*** and is widely utilized by pediatric eye care
professionals.

As with all studies, there are limitations that should be
considered. Our findings should be viewed in the context

of our clinical setting and the clinical profile of the patient
cohort. The upper age limit was 20 years, and all patients
had been referred to a multidisciplinary concussion clinic
or specialty eye clinic specifically to rule out vision disor-
ders associated with persistent postconcussion symptoms.
Thus, our patient sample was likely to have been enriched
with individuals with vision problems, which would
contribute to the high frequency of receded NPC found.
However, because there are no population-based or
clinic-based data in regard to the prevalence of or natural
history of receded NPC in the general or postconcussion
populations, we cannot compare our data. In addition,
although all patients had chronic symptoms, symptom
data were not collected in a systematic manner, making
it impossible to correlate symptom severity with oculomo-
tor diagnosis. The slight procedural differences in the pre-
sent study (ie, 20/50 single-letter target and the lateral
canthus as the reference point) compared with the NPC
procedure we now recommend (Table 4) are unlikely to
have impacted our NPC measures in a significant manner.
There is no reason to expect a different accommodative
response to have occurred, given the small difference in let-
ter size and that patients were told to keep the letter clear.
Furthermore, using the lateral canthus as the reference
point, with a 7 cm cut-off, vs using the middle of the fore-
head and a 6 cm cut-off, results in the same NPC measure.

Particular strengths of the study were that all patients
underwent comprehensive sensorimotor evaluations that
were conducted in a standardized manner by the same
eye care specialist.

CONCLUSION

RECEDED NPC IS A SINGLE CLINICAL MEASURE OF CONVER-
gence ability; it is not diagnostic of convergence insuffi-
ciency. Instead, receded NPC is associated with various
underlying oculomotor dysfunctions that commonly
require different forms of treatment, including lenses,
prisms and active therapy regimens. Thus, patients who
have persistent symptomatic postconcussion symptoms
and receded NPC should be referred to an eye care
specialist for a comprehensive sensorimotor evaluation so
that any underlying vergence or accommodative dysfunc-
tions can be identified and the most appropriate treatment
prescribed.
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