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Introduction

The tendency of the eyes to move away from
bi-foveal fixation (phoria) is controlled by fusional
vergence; Positive Fusional Vergence (PFV) controlling
exophoric deviation; and Negative Fusional Vergence
(NFV) controlling esophoric deviation [1], [2], [3]. The
fusional vergence is the amount of convergence and
divergence that could be induced before fusion is
lost and blurred or double vision happens [2], [3], [4].
Fusion types, sensory fusion is the ability of individuals
to perceive an image formed on each eye at the same
time and motor fusion is the ability of both eyes to
maintain sensory fusion through a range of vergence
movement, both types of fusion are innervated by third

cranial nerve [5], [6], [7].

Fusional vergence is normally measured with
rotary or variable prism devices and most commonly
with a prism bar [1], [2]. Several methods have been
recommended for the assessment of fusional vergence
and these could be generally classified into intersubject
and intrasubject [1]. Intersubject methods are based
on the comparison of the results of fusional vergence

Abstract

BACKGROUND: Sheard and Percival assumed that symptoms from latent strabismus can be avoided if the relevant
fusional vergence is adequate to support the heterophoria.

AIM: The aim of the study was to determine the sensitivity and specificity of Sheard’s and Percival’s criterion for the
diagnosis of heterophoria.

METHODS: A cross-sectional hospital-based study was performed at Al-Neelain Eye Hospital Khartoum, Sudan
from February to October 2019. Heterophoria was measured using Maddox Wing and fusional vergence using a
prism bar. Thereafter, Sheard’s and Percival’s criteria were used for the diagnosis of heterophoria.

RESULTS: A total of 230 participants (age = 15-30 years; mean age = 19.34 + 3.325 years) were recruited for
this study. The Sheard’s criteria showed a high sensitivity of 87.2% and a low specificity of 8.0% for the diagnosing
of exophoria, with positive and negative predictive values of 65.5% and 26%, respectively. The criteria showed a
relatively low sensitivity of 77.8% and a specificity of 9.0% in the diagnosis of esophoria, with a positive and negative
predictive values of 56% and 20%, respectively. Percival criteria showed high sensitivity 84.2% and low specificity
9.1% in diagnosing esophoria, with a positive and negative predictive value of 61.5% and 25%, respectively. On the
other hand, the criteria showed low sensitivity 67.4% and specificity 13.8% in diagnosing exophoria, with positive and
negative predictive value 61.9% and 17%, respectively.

CONCLUSION: Sheard’s and Percival’s criteria are useful in diagnosing binocular vision problems. Sheard’s criteria
are accurate in diagnosing near exophoria and Percival’s criteria are more accurate in diagnosing near esophoria.
Therefore, these criteria provide good clues and predictions for the diagnosis of binocular vision problems.

of subjects with normative values [1], [8]. However,
intrasubject techniques compare a person’s fusional
reserves with some other measure of that individual’'s
binocular function [1], [4]. The first intrasubject method
was initiated by Percival who postulated that fusional
vergence should be balanced within the limits that one
should not be less than half the other to overcome
phoria symptoms [5], [9]. Percival’s criterion seems to
be suitable for diagnosis near heterophoria only; this
method does not take considerations of the heterophoria
size [1], [10].

The second intrasubjectmethod was introduced
by Sheard this technique related the heterophoria to its
opposing fusional vergence blur point. It is stated that
the opposing fusional reserve to the blur point should
be at least twice the size of the phoria [1], [11], [12].
Sheard assumed that symptoms from heterophoria
(latent strabismus) can be avoided if the fusional
reserves in the opposite direction are at least twice
the size of the phoria [1], [4], [8]. For instance, if a
patient has 6 A of exophoria deviation at near fixation
then during PFV measurement (with base-out A), he
or she should not report blurring or diplopia until the
prism exceeds 12A in compensated condition [1], [9].
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Sheard’s criterion can be used to prescribe prisms as
well as to diagnose decompensated heterophoria. The
concept is that a prism is required that will just cause
the patient to pass Sheard’s criterion or to decrease
the heterophoria to less than half the opposing fusional
vergence. Thus, if a patient has an exophoria of 6A and
PFV of 8A then they would need a prism of 2Abase-in.
This prism should decrease the exophoria to 4A and
increase the PFV to 10A, therefore, Sheard’s criterion
would just be met [13], [14], [15].

Several authors [9], [14], [15] reported
there are numerous problems when dealing with
Sheard’s criterion. The size of heterophoria differs
depending on which dissociation test is used and
fusional vergence is also highly dependent on the
test conditions. However; investigational evidence
suggested that Sheard’s criterion has some value,
mainly for exophoria at distance fixation and Percival’'s
criterion has some value, particularly for esophoria
at near fixation [1], [9], [16]. Sheedy and Saladin
reported that Sheard’s criterion was the best predictor
of symptoms and Percival’s criterion was useful for
esophoric patients [17], [18], [19]. Measuring fusional
vergence (PFV and NFV) has important diagnostic
value to provide information about the ability to maintain
binocular single vision [20], [21]. Heterophoria (latent
strabismus) is controlled by fusional vergence; positive
fusional reserves controlling exophoric deviation
and negative fusional reserves controlling esophoric
deviation [20], [22], [23]. Therefore, the current study
aimed to determine the sensitivity and specificity of
Sheard’s and Percival’s criteria for diagnosis young
subjects with heterophoria.

Materials and Methods

Study design

This was descriptive of a cross-sectional
hospital-based study of 230 heterophoric subjects
were performed at Al-Neelain Eye Hospital Khartoum,
from February to October 2019, all subjects underwent
an eye examination due to ocular discomfort. The
participants voluntarily visited a university eye hospital
for primary eye care services.

Inclusion and exclusion criteria

Participants their age from 15 to 30 years
old had not previously ocular history of any types of
vision therapy and had not amblyopia or strabismus.
Participants also were required to be near-emmetropes
with no ocular or systemic clinical findings or use
of medications that may cause ocular symptoms.
Emmetropia was defined as a refractive error between

—0.50 dioptre (D) and +0.75 D spherical and cylinder
<0.25 D. The study excluded subjects with ocular
diseases such as inflammation of the external eye,
cataract, glaucoma, and retinal disease, and those with
a history of a previous surgery.

Ethical consideration

Ethical approval was obtained from Al-Neelain
University and the study was performed according to
the Declaration of Helsinki guidelines. Informed consent
was obtained from all subjects, however, the children
their age <18 years old their permission was got from
their parents/guardians to participate in this study.
Participation in the study was voluntary and subjects
were informed that they can withdraw from the study at
any time without giving any reason. All forms and data
sheets were shredded as soon as it is entered into the
database system for analysis.

Data collection procedures

At the first, all participants underwent a case
assessment to obtain information about the ocular
history and complaints, followed by measurement of
visual acuity at distance using Snellen Tumbling E-chart.
Objective refraction was measured using a retinoscope
(Neitz RX, Japan). A cover test was performed at 33 cm
to reveal any heterophoria and to measure the size of
deviation using Maddox Wing. The subjects underwent
motility tests to assess the integrity of the eye muscles.
The PFV and NFV were measured using a prism bar
at 33 cm. The prim bar was moved downwards at the
speed of about one step per two seconds until the
fixation object became a blur when the “blur point” was
reached, the first prism value at which the subject was
unable to see the target clear was registered as the blur
point. Thereafter, the prism power slowly increases until
the fixation object became double when the “breakpoint”
was reached, the first prism value at which the subject
was unable to fuse the target was registered as the
breaking point. By moving the prism bar in the opposite
direction, a recovery point was registered when the
subject was able to fuse the object or see one object.
All measurements were taken in a general clinical room
by the same examiner, who performed all tests within
approximately 30 min, using the same methodology.
Thereafter, the study applied Sheard’s and Percival’s
criteria for diagnosing near heterophoria.

Diagnosis near heterophoria using Sheard
and Percival criteria

Sheard criterion suggested that PFV
and NFV to blur point should be at least twice the
amount of exophoria and esophoria respectively to
be compensated. In this study, we considered that if
opposite fusional vergence (PFV for exophoria and
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NFV for esophoria) is double the size of phorias and
the subject was asymptomatic or the fusional vergence
less than double the amount of phoria and subject was
symptomatic the Sheard criterion was successful in
diagnosis. Otherwise, the Sheard criterion was failed in
diagnosis near heterophoria.

Percival postulate that PFV for exophoria
should not be less than half the NFV, while NFV for
esophoria should not be less than half the PFV to
overcome phoria symptoms. In the present study, we
considered that if the PFV for the exophoric subject
more than half NFV and/or NFV for esophoric subjects
more than half of PFV and subject asymptomatic or the
PFV for exophoric subject less than half NFV and/or
NFV for esophoric subject less than half of PFV and
subject was symptomatic then Percival Sheard criterion
was successful in diagnosis. Otherwise, the criterion
will have failed in diagnosis near heterophoria.

Determining sensitivity, specificity, and
predictive values

In this study, to evaluate the accuracy of
Sheard and Percival criteria, we use a sample of
subjects who have resulted from both the criteria.
The authors assume that Sheard’s criteria are 100%
accurate for determining decompensated heterophoria
at near (Phoria+) or absence (phoria-). For a test that
yields binary test results (i.e., test positive [A+B] or
negative [C+D]), results were summarized in a 2 x 2
Table (Table 1) and calculated in (Tables 2 and 3).

Table 1: A 2 x 2 Table for comparing results from Sheard and
Percival criteria

Screening test results Decompensated heterophoria Total (n)
Phoria+ (n) Phoria- (n)

Positive A B (A+B)

Negative ¢ D (C+D)

Total (A+C)+ (B+D)- (A+B+C+D)

A True positive (near decompensated heterophoria correctly diagnosed by the criteria); B False-positive
(healthy people wrongly diagnosed as near decompensated heterophoria); C False-negative (near
decompensated phoria wrongly diagnosed as healthy); D True negative (healthy people correctly
diagnosed as healthy).

Two basic measures of test accuracy,
sensitivity, and specificity, were estimated from the
values in Table 1. Sensitivity is the test’s ability to detect
the disease when the disease is present

Table 2: Sensitivity and specificity of Sheard’s criterion among
exophoric and esophoric subjects

- true positive - A
true positive +false negative A +C

Specificity is the test’s ability to exclude the
disease when the disease is absent

- true negative _ D
true negative +false positive D +B

The positive predictive value or precision rate
is defined as a proportion of people with a positive test
result (24, 25) in this study subjects with decompensated
heterophoria (A + B). It is calculated by the formula:

a true positive __A
true positive +false positive A+B

Table 3: Sensitivity and specificity of percival’s criterion
amongst exophoric and esophoric subjects

Exophoric Frequency Sensitivity Positive predictive value
True positive 91
False positive 56 =67.4% =61.9%
False-negative 44 Sepcificity Negative predictive value
True negative 9

=13.8% =17%
Esophoric Frequency Sensitivity Positive predictive value
True positive 16
False positive 10 =84.2% =61.5%
False-negative 3 Sepcificity Negative predictive value
True negative 1

=9.1% =25%
Total 230

The negative predictive value is defined as a
proportion of people with a negative test result (20,21)
in this study subjects with compensated heterophoria
(C+D). The formula for this measure is:

_ true negative _ D
true negative +false negative D +C

All the values were calculated in result section
(Tables 2 and 3).

Data analysis

Statistical analysis was performed with SPSS
for Windows Version 25.0 (SPPS Inc., Chicago, IL,
USA). Means and standard deviations for phorias, PFV
blur, break, and recovery points at 33 cm are reported
for the 230 subjects. A one-way ANOVA test was used
to compare means variables. A value of p < 0.05 was
considered statistically significant.

Exophoric Frequency Sensitivity Positive predictive value
True positive 116
False positive 61 = 87.2% = 65.5% Results
False-negative 17 Sepcificity Negative predictive value
True negative 6
=8.0% =26%
Esophoric Frequenc Sensitivit) Positive predictive value . . T
T pogii R : : Socio-demographic characteristics of
False positive 11 =77.8% =56% participants
False-negative 4 Sepcificity Negative predictive value
True negative ! Co0% = 20% The demographic characteristics of the
Total 230 participants were as the following: The sample consisted
1130 https://oamjms.eu/index.php/mjms/index
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of 230 participants of the 123 (53.5%) females and
107 (46.5%) males. The mean age of participants was
19.34 + 3.325 years. The majority of subjects fell within
the (15-20) year age group 154 (67%) followed by
65 (21-25) year age group 11 (28.3%), whereas the
least number of participants were in the age group of
26-30 years (4.8%).

Ocular deviation and complaints among
participants

The most common heterophoria was exophoria
200 (87%) for near, the most ocular complaints were
asthenopia 122 (53%). The ocular complaints among
esophoric and exophoric subjects were statically not
significant p = 0.735 as illustrated in Table 4.

Table 4: Ocular complaints among exophoric and esophoric
subjects

Complaints Direction of heterophoria Total n (%)  p-value
Exophoria n (%) Esophoria n (%)

Visual perceptual distortion 23 (10) 3(1.3) 26 (11.30)

Binocular factors 7(3.0) 0(0.0) 7(3.0) 0.735

Asthenopic symptoms’ 106 (46) 16 (7.0) 122 (53)

No symptoms 64 (27.8) 11 (4.8) 75 (32.6)

Total 200 (87) 30 (13) 230 (100)

Sheard’s criterion among exophoric and
esophoric subjects

The sheared postulate that PFV to blur point
should be at least double the size of exophoria to
be compensated. When this standard was used to
diagnose exophoric subjects, the criterion was met
in 177 (88.5%) and unmet in 23 (11.5%). The mean
difference size of exophoria among subjects who
met and unmet Sheard’s criterion was not significant
p = 0.608. Regarding (opposing fusional vergence)
PFV, the mean difference to blur and recovery points
was not significant. However, the mean difference for
PFV to breakpoint was statistically significant p = 0.021,
as shown in Table 5.

Table 5: Sheared and Percival criteria among exophoric
subjects

Sheared criterion Successful in diagnosis Failed in diagnosis 23 p-value
177 (88.5%) (11.5%)
Variable [Mean + SD] [Mean + SD]
Size of exophoria [5.2 + 4.8 Abase-in] [5.7 £ 2.2 Abase-in] 0.623
PFV (blur point) [22.9 + 10.8 Abase-out] [24.0 + 8.9 Abase-out] 0.608
PFV (breakpoint) [19.2 + 6.6 Abase-out] [15.9 + 5.7Abase-out] 0.021
PFV (recovery point) [25.3 + 10.3 Abase-out] [27.5 + 9.3 Abase-out] 0.44
Percival criterion Successful in diagnosis Failed in diagnosis p-value
147 (73.5%) 53 (26.5%)
Variable [Mean + SD] [Mean + SD]
Size of exophoria [4.4 + 4.4 Abase-in] [7.7 + 5.2 Abase-in] 0
PFV (blur point) [24.5 + 10.2 Abase-out] [18.6 + 10.5 Abase-out] 0
PFV(break point) [26.9 + 9.7 Abase-out] [21.8 + 10.4Abase-out] 0.002
PFV (recovery point) [21.6 + 10.0 Abase-out] [16.5 + 10.1 Abase-out] 0.001
PFV: Positive Fusional Vergence.
Sheard assumed that symptoms from

esophoria can be avoided if NFV is at least twice the
size of the esophoria. When this standard applied for
esophoric subjects, it met in 25 (83.3%) and unmet
in 5 (16.7%). The mean difference size of esophoria
in subjects who met and unmet was not significant
p = 0.572. Concerning (opposing fusional reserve) NFV

the mean difference to blur, break and recovery points
were statistically significant as shown in Table 6.

Table 6: Sheared and percival criteria among esophoric
subjects

Sheared criterion Successful in Failed in diagnosis p-value
diagnosis 25 (83.3%) 5(16.7%)

Variable [Mean + SD] [Mean + SD]

Size of esophoria [5.1 £ 5.8 Abase-out] [3.6 £ 2.6Abase-out 0.572

NFV (blur point) [14.3 + 9.1 Abase-in] [4.4 £ 2.6 Abase-in] 0.025

NFV (breakpoint) [16.8 + 8.7 Abase-in] [7.2 £ 3.0Abase-in] 0.022

NFV (recovery point) [11.7 + 8.5 Abase-in] [2.6 + 2.3 Abase-in] 0.026

Percival criterion Successful in Failed in diagnosis p-value
diagnosis 26 (86.7%) 4 (13.3%)

Variable [Mean + SD] [Mean + SD]

Size of esophoria [4.5 £ 4.7 Abase-out] [8.0 £ 10.4Abase-out] 0.294

NFV (blur point) [12.9 + 9.6 Abase-in] [11.0 £ 4.6 Abase-in] 0.747

NFV (breakpoint) [15.4 + 9.2 Abase-in] [13.3 + 3.1Abase-in] 0.701

NFV (recovery point) [10.4 + 8.9 Abase-in] [10.2 + 8.5 Abase-in] 0.749

NFV: Negative Fusional vergence.

Percivals criterion among exophoric and
esophoric subjects

Percival postulate that PFV for exophoria
should not be less than half NFV to be compensated.
When this principle applied for exophoric subjects
it met in 147 (73.5%) and unmet in 53 (26.5%).
Regarding PFV the mean difference to blur, recovery,
and breakpoints was statistically significant as shown
in Table 5.

Percival assumed that NFV for esophoria
should not be less than half PFV to be compensated,
when this principle applied for esophoric subjects it
met in 26 (86.7%) and unmet in 4 (13.3%). Regarding
NFV the mean difference to blur, recovery, and
breakpoints was not statistically significant as shown
in Table 6.

Sensitivity and specificity of the sheard
criteria in exophoric and esophoric subjects

Sheard’s criteria showed a high degree
of agreement in the diagnosis of exophoria, with a
sensitivity of 87.2% and a specificity of 8.0% with a
positive and negative predictive value of 65.5% and
26%, respectively. While the criteria showed a relatively
low level of agreement in the diagnosis of esophoria
with a sensitivity of 77.8% and a specificity of 9.0% with
a positive and negative predictive value of 56% and
20%, respectively, Table 2.

Sensitivity and specificity of the percival
criterion in exophoric and esophoric individuals

The percival criteria showed a high degree
of agreement in the diagnosis of esophoria with a
sensitivity of 84.2% and a specificity of 9.1% with
a positive and negative predictive value of 61.5%
and 25%, respectively. While the criteria showed low
degree of agreement in diagnosis of exophoria with
sensitivity of 67.4% and specificity of 13.8% with
positive and negative predictive value of 61.9% and
17%, respectively, Table 3.
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Discussion

This study demonstrates that Sheard’s criterion
with high sensitivity and low specificity in diagnosis
exophoria. The criterion showed a relatively low level
of sensitivity and specificity in diagnosis esophoria.
However, Percival’s criterion revealed high sensitivity
and low specificity in diagnosis esophoria whereas
the criterion showed low sensitivity and specificity in
diagnosis exophoria.

When heterotopy is present, the magnitude of
the deviation exceeds the capabilities of the fusional
vergence amplitude, the heterophoria is probably
decompensated. There are physiological states of the
visual system that lend themselves to direct clinical
measurement. Consequently, the current study was
required to determine the point at which the relevant
fusional vergence reserve is insufficient to support
heterophoria, resulting in decompensated phoria or
patients becoming symptomatic.

Sheard assumedthatsymptoms ofheterophoria
could be avoided if the fusion vergence in the opposite
direction was at least twice that of phoria (11,26). In
this study, Sheard’s criteria showed a high sensitivity
of 87.2% and a low specificity of 8.0% for the diagnosis
of exophoria. The mean magnitude of exophoria in
subjects who met and did not meet the criteria was [5.2
+ 4.8 Abase-in] and [5.7 + 2.2 Abase-in], respectively,
which was not significant p = 0.623. Regarding the
contrast between fusion vergence and exophoria, the
mean difference between PFV to blur was not significant
p = 0.608 in subjects who met and did not meet Sheard’s
criterion. However, PFV to breakpoint was significant p
=0.021 in exophoric subjects who did and did not meet
Sheard’s criterion. Nevertheless, the mean difference
between those who met and did not meet for PFV to
recovery point was statically significant p = 0.021
Table 5. This result indicated that the clinical value for a
breakpoint is more accurate than the bur and recovery
point in assessing fusion vergence for the subjects with
exophoria. Conversely, Pickwell [1] reported that the
recovery point should be within 4—6A of the breakpoint,
a recovery point worse than this could be a sign of
decompensated heterophoria. Yu et al., [27] reported
that the diagnosis of exophoria according to Sheard’s
criteria is the best way to evaluate convergence
insufficiency. The concept of fusional reserve implies
that PFV represents resources to overcome exophoria.
Several studies [26], [27], [28], [29] have shown that
symptoms of exophoria are significantly reduced
or eliminated by increasing PFV and/or reducing
exophoria.

Sheard’s criterion showed relatively low
agreement in diagnosing esophoria in this study, with
a sensitivity of 77.8% and a low specificity of 9.0%.
The mean difference of the magnitude of esophoria in
subjects meeting and not meeting the Sheard criterion

was not significant p = 0.572. Regarding the opposite
fusion vergence NFV, the mean difference to blur,
break and recovery points was p = 0.025, p = 0.022,
and p = 0.026, respectively, which was statistically
significant. Myklebust and Riddell reported that there
is a risk of missing decompensated heterophoria based
only on passing Sheard’s criterion and recommended
that a continuous fusion persistence alternative may
be useful for clinicians in quantifying binocular vision
problems and monitoring treatment effects [12].
However, Moon et al. [8] stated that Sheard’s criterion
is a useful tool for screening convergence insufficiency
with exophoria associated with near vision activities.
Therefore, Sheard’s criterion is not sensitive enough
to detect the binocular problems alone without another
diagnostic test [30]. Accordingly, Sheard’s criterion can
provide good guidance and predictions for the diagnosis
of individuals with decompensated heterophoria.

In the current study, the Percival criterion
showed a high sensitivity of 84.2% and a low specificity
of 9.1% for the diagnosis of esophoric individuals. In
terms of opposite fusion vergence NFV, the mean
difference on blur, breakage and recovery in esophoric
patients who met and did not meet the Percival criterion
was p = 0.747, p = 0.701 and p = 0.749, respectively,
which was not significant Table 5. This indicates that the
Percival criterion is a very sensitive tool for diagnosing
esophoria. This is in line with the previous studies [1], [9]
which indicated that the Percival criterion is a good
predictor of binocular problems in esophoric subjects.
However, the criterion showed a low sensitivity of
67.4% and specificity of 13.8% in diagnosing exophoria.
In terms of opposite fusion vergence PFV, the mean
difference between fusion reserves for blur, break and
recovery in exophoric patients who met and did not
meet the Percival criteria was p = 0.001, p = 0.002,
and p = 0.001, respectively, which was significant
Table 5. This suggests that the Percival criteria are not
a sensitive means of diagnosing exophoria. This study
has some limitations. The sample size for esophoria
was small, for future studies it is recommended to
increase the sample size for esophoric subjects; to
apply the Sheard and Percival criteria for the diagnosis
of convergence weakness exophoria and to evaluate
the sensitivity and specificity of the Sheard and Percival
criteria to determine the amount of prism or lens to
alleviate symptoms for binocular vision problems.

Conclusion

The study shows that Sheard’s and Percival’s
criteria are useful tools for diagnosing binocular
vision problems. Sheard’s criteria are more accurate
in diagnosing near exophoria and Percival’s criteria
are more precise in diagnosing near esophoria. In
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addition, this study showed that PFV to blur showed
no significant change in exophoric patients who did
and did not meet Sheard’s criteria. However, PFV
to the breakpoint showed a significant change in
exophoric patients who did and did not meet Sheard’s
criteria. While NFV to blur and break showed no
significant change in esophoric patients who met
and did not meet Percival’s criteria. Therefore, the
Sheard and Percival criteria provide good guidance
and predictions for the diagnosis of binocular vision
problems.
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