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Comfortable reading and the performance of near point activities involve efficient 
accommodative and vergence systems. However, accommodative and vergence anomalies 
are associated with various symptoms that impair efficient near point tasks. Although several 
studies investigated accommodative-vergence anomalies in school-age populations, their 
findings were diverse owing to differences in diagnostic techniques and the criteria used to 
define the variables. The aim of this paper is to derive prevalence and distribution estimates 
of vergence anomalies in school-age children and address variations in the study methods 
and findings. Despite variations in the study methods and findings, accommodative-
vergence anomalies were common in school-age populations. Variations and limitations 
of previous studies are discussed and recommendations for improving future studies are 
suggested.
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Introduction
Non-strabismic accommodative and vergence binocular anomalies affect clarity and binocularity, 
and impair comfort and efficiency of visual performance when near tasks such as reading, writing 
and computer-based work is performed.1,2,3,4,5 Learning involves reading, which is the process of 
extracting meaning from written text and is a fundamental part of a child’s education.6 A significant 
proportion of a child’s activities in the classroom7,8 and at home8 involve the accommodative 
and vergence mechanism. Accommodative-vergence anomalies (AVAs) result from imbalances 
between these functions, and the anomalies are aggravated by prolonged visually demanding 
near tasks,  resulting in symptoms.2,9,10,11,12,13 These symptoms (Table 1)10,11,12,13 cause discomfort, 
impair efficient near tasks and affect overall quality of life.9,10,11,12,13 For school-age children and 
especially high school learners, such symptoms tend to increase as pupils progress through 
school and demand increases of their accommodative-vergence system for sustained clear vision, 
as a result of prolonged reading and increased information processing.1,2,3,4,5

AVAs have several negative consequences that further highlight their clinical importance. Several 
studies9,10,14 have reported on the association of AVAs with some behavioural and learning 
problems. Granet et al.9 found that convergence insufficiency (CI) is three times more common in 
patients with attention deficit hyperactivity disorder (ADHD) and that five out of the nine clinical 
criteria used to diagnose ADHD are identical in CI. Borsting et al.10 also found that children with 
accommodative and non-strabismic binocular anomalies have a higher frequency of ADHD-
like behaviours. Similarly, Grönlund et al.15 demonstrated an association between near vergence 
disorders and ADHD. A review by Damari et al.16 found that binocular vision anomalies are 
often misdiagnosed as ADHD, whilst some studies reported that children who have binocular 
anomalies experience anxiety, emotional and social problems.14,17 Furthermore, children with 
uncorrected AVAs may be misdiagnosed as being dyslexic,18,19,20,21,22 and AVAs are sometimes 
associated with lowered academic achievements in school-age children.19

Vision screening has been a traditional way of identifying vision anomalies in school children. 
However, such screenings may be inadequate, and are limited to detecting reduced visual acuity 
and refractive errors without testing for accommodative and vergence anomalies.1,2 Prescription 
spectacles recommended for refractive compensation may be inadequate for AVAs.1,2 Overall, 
epidemiological studies of AVAs are significant in enabling identification of individuals 
who require intervention, and also guiding clinicians and researchers in understanding the 
prevalence, and characteristics of AVAs. Clues towards determining the possible aetiology of 
such anomalies by identifying the associated risk factors may become clearer.23,24,25 In addition, 
epidemiological studies are useful in health policy planning, resource allocation, advocacy for 
increased awareness of the anomalies, and generating hypotheses for future studies.23,24,25  Studies 
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on AVAs may identify anomalies that may not present 
with symptoms, especially in children who may be poor at 
characterising symptoms.26,27,28 Accommodative-vergence 
anomalies are often detected when a binocular evaluation 
is performed. Accordingly, given the clinical importance 
of AVAs, the main aim of this review is to document the 
prevalence and distribution of AVAs in school-age children. 
A secondary aim is to highlight the variations and possible 
limitations of previous studies, which will guide subsequent 
studies.

Methods and scope of review
The electronic databases searched included PubMed, 
Medline, Science Direct, Google Scholar, EBSCO, and Embase 
using the terms convergence insufficiency, convergence excess, 
fusional vergence dysfunction, vergence anomalies, heterophoria 
and schoolchildren. Relevant articles on reference lists were 
identified and retrieved from electronic and print journals. 
A manual search of tables of contents of print and electronic 
versions of optometry journals at the University of KwaZulu-
Natal library was also conducted and, when necessary, 
interlibrary loan facilities were utilised. Over 90% of the 
reviewed articles were obtained by manual identification on 
reference lists in published papers. An article was considered 
for review if it reported on the epidemiology (prevalence 
and distribution) of vergence anomalies, was a primary 
research article published in a peer-reviewed journal, and 
was reported in the English language.

For the present review, studies were first profiled 
individually, followed by comparisons and synthesis with 
other studies whilst the classification criteria, measurement 
techniques and sources of variations and limitations of 
studies are discussed. The review is of school-age children 
between 6 and 18 years of age, and the focus is on aspects of 
the epidemiology of AVAs. A few classic papers published in 
the early 1990s29,30,31,32,33,34 were considered, so as to relate 
previous concepts to current understanding. The review is 
presented in two parts. In Part 1, a review of studies on 
vergence anomalies such as CI, convergence excess (CE), 
fusional vergence dysfunction (FVD) and heterophoria 
(phoria) are reviewed. In Part 2, accommodative anomalies 
such as accommodative insufficiency (AI), accommodative 
excess (AE) and accommodative infacility (AIF) are reviewed.

Vergence
Vergence is the simultaneous rotational movement of the 
eyes in opposite directions to obtain or maintain single 
binocular vision.13,35 In vergence anomalies, the eyes are 
unable to fix and to stabilise a retinal image accurately. The 
visual axes may move toward each other (convergence) or 
away from each other13,35 (divergence). Vergence anomalies 
of interest to the current review include CI, CEs, FVD and 
heterophoria.

Scheiman et al.25 reported that, beside refractive errors, 
the most common vision anomalies in children below 18 
years of age are accommodative-convergence anomalies. 
Although the assessment of an individual’s AVA status 
constitutes an important part of optometric practice and 
research, studies in this area of eye care show diverse 
findings owing to the methodological challenges in 
conducting such studies on a large scale.24,25 However, 
several studies18,25,26,28,37,38,39,40,41,42,43,44,45,46,47,48,49,50,51,52,53,54,55,56,57,58,59 
on various racial groups have studied vergence anomalies in 
school-age children.

Convergence insufficiency
Convergence insufficiency is a binocular anomaly 
characterised by an inability to attain or maintain adequate 
convergence without excessive effort.12,13,36 Being the most 
common vergence anomaly in school-age populations,12 
CI is of great clinical importance and a syndrome that 
is diagnosed on the basis of several clinical signs and 
symptoms.12,13,27,29,30 The diagnostic techniques applied 
by studies on vergence anomalies varied, although 
those commonly used were cover test (CT), von Graefe 
(VG) method for heterophoria measurement, and the 
push-up-to-break technique for measurement of near 
point of convergence (NPC). Fusional vergences were 
assessed using the step vergences (prism bar) or the 
smooth vergences (phoropter). Diagnostic signs of CI 
include exophoria greater at near than at far, reduced 
positive fusional vergence ranges (PFC) at near, receded 
NPC,12,29,30,37,38,39 low accommodative-convergence (AC/A) 
ratio, low negative relative accommodation (RA) and high 
findings on MEM.12,37,38,39 The Convergence Insufficiency 
Reading Study (CIRS) group37,38,39 is a research group 
whose aim is to standardise the conduct of research in CI. 
The clinical signs and diagnostic system for the diagnosis 
of CI recommended by the CIRS group37,38,39 include:

• exophoria at near
• exophoria at near that is ≥ 4 pd greater in magnitude than 

the distance phoria
• insufficient positive fusional vergence (PFV): fails 

Sheard’s criteria or poor PFV at near ≤ 12 pd base-out 
(BO) blur or

• ≤ 15 pd BO break
• receded NPC ≥ 7.5 cm break or ≥ 10.5 cm recovery.

To determine if a patient is symptomatic, a score of 16 is 
required using the convergence insufficiency symptoms 

TABLE 1: Symptoms in vergence anomalies.

Symptoms

Blurred vision for near tasks or worse after near work
Headaches/eyestrain/dull orbital pain/pulling sensation around the eyes
Loss of comprehension/avoidance of near work
Watering or conjunctival or eyelid irritation, sensitivity to light
Eye fatigue/dizziness/sleepiness
Blurred vision worse after reading/near work
Difficulty focusing from far to near or near to far
Hold reading material close or farther way
Difficulty sustaining attention on near point tasks
Letters or words appearing to float or move around
Postural changes noted when working at a desk, or frowns during near tasks
Spatial distortion in size, shape or inclination of objects
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survey (CISS).40 In addition to the clinical criteria, the CIRS 
recommended a classification system such as:

• low suspect (exophoria at near greater than at far of 
greater than or equal to 4 prism diopters and clinical sign 
#1 above)

• high suspect (exophoria at near and 2 signs, or clinical 
sign #1 and #2 plus #3 or #4 above)

• definite (exophoria at near and 3 signs, or all clinical signs 
#1–4 above).

The CIRS group classification does not prioritise the 
traditional definition of receded NPC.

Previous studies on convergence 
insufficiency
The findings from reviewed studies are diverse mainly because 
of variations in the criteria applied to define anomalies; one 
approach that was applied to facilitate comparison of the 
findings was to present the review based on the type of 
population from which the samples were derived, such as 
non-clinical (unselected)37,38,41,43,44,46,47,48,49,50,51,52,53,54,55,56,57,58,59 or 
clinical (selected)18,25,26,38,42 Another approach was to classify 
studies on the basis of the number of clinical signs applied 
to define VAs (single or several clinical signs). With single 
criteria, CI was defined using only one clinical sign such as 
receded NPC or exophoria at near. With several signs such 
as the CIRS classification criteria, the single criterion was 
applied in addition to other clinical signs.

Studies conducted on non-clinical 
settings
The reviewed studies on non-clinical populations37,38,41,43,44,46 
were conducted mainly in school settings. Such studies 
enable random sampling, improve generalisations 
of findings, and offer the merit of testing children in 
environments similar to those in which they learn. 
Seven studies43,49,51,53,54,56,57 on unselected populations that 
applied the single criteria of receded NPC and using the 
push-up-to-break technique are discussed. Letourneau 
et al.56 investigated the relation between CI and school 
achievement in a sample of 735 schoolchildren aged 
between 7 and 14 years. Using the criteria of NPC ≥ 10 cm 
to make a diagnosis, the prevalence of CI found was 8.3% 
and there was no correlation between CI and any measure 
of school achievement assessed. For Swedish children aged 
between 6 and 16 years, Abdi and Rydberg53 found that 18% 
of the participants in their study had NPC ≥ 10 cm. Using a 
study method similar to Abdi and Rydberg53, Abdi et al.54 
reported a 6% (defined as NPC ≥ 10 cm) prevalence of CI 
in a study of participants aged 6–16 years, selected from 8 
elementary schools in Sweden. Similar to the findings by 
Abdi et al.,54 Harris43 conducted a vision screening of 171 
elementary school children in Baltimore City and found 
that only 6% of the study participants had CI defined as 
NPC between 8 cm and 10 cm. The percentage of children 
with poor convergence increased with age.

Three studies49,50,51 in Australia adopted the single criterion 
for defining CI. In a study of 877 Australian schoolchildren 
between the ages of 6 and 11 years, Macfarlene et al.50 
reported a 6.5% prevalence of CI defined as NPC ≥ 6 cm. 
Another study in Australia comprised a large-scale vision 
screening of 2697 children aged between 3 and 12 years by 
Junghans et al.51 who found that 11.2% of children had NPC ≥ 
7.5 cm whilst 11% had NPC ≥ 10 cm. In a third study in 
Australia, Walters49 conducted a screening of 5597 Australian 
schoolchildren, and reported a relatively high prevalence 
(18.1%) for NPC ≥ 10 cm which was similar to the prevalence 
of 18.1% found by Abdi and Rydberg53 in Sweden. Taken 
together, studies that defined CI using the NPC single criteria 
may limit interpretation because current literature describes 
CI as a syndrome of clinical signs, and single diagnostic 
criteria may therefore be inadequate to warrant a definite 
diagnosis of CI. However, a single criterion may be relevant 
in symptomatic patients whose evaluations indicate that 
other binocular vision parameters are normal.

Some studies37,39,41,44,51,57 conducted on unselected populations 
of schoolchildren adopted the multiple clinical signs. Rouse 
et al.37 conducted a pilot study to evaluate CI in 35 fifth- and 
sixth-graders selected from a private school in the USA. The 
prevalence estimates reported were: low suspect, n = 8 (33.3%); 
high suspect, n = 1 (4.2%) and definite, n = 1 (4.2%). The 
prevalence of clinically significant CI reported by Rouse et 
al.37 was 8.4%. Another study by Rouse et al.39 comprised 453 
fifth- and sixth-grade schoolchildren aged between 9 and  
13 years. Participants were recruited from 3 schools in 3 
different locations (California, Chicago and Philadelphia). 
Heterophoria was evaluated using the von Graefe technique, 
NPC was measured using the push-up technique with 
accommodative target, and fusional vergences were 
assessed using the von Graefe technique. Rouse et al.39 

reported the total prevalence of CI to be 21.4%, classified as: 
low suspect (8.4%), high suspect (8.8%) and definite (4.2%). 
Borsting et al.41 investigated the association of symptoms 
and CI and AI in 392 children aged 8–15 years. Participants 
were recruited from 4 schools in the USA. Heterophoria was 
assessed using the cover test, NPC was measured using the 
push-up-to-break technique with an accommodative target, 
and fusional vergences were evaluated using the prism bar 
in free space at 30 cm. The criteria for PFV were Sheard’s 
criterion, and less than or equal to 7 prism diopters (pd) for 
break or 3 pd for recovery. These criteria are different from 
the CIRS criteria (PFV at near less than or equal to 12 pd BO 
blur or less than or equal to 15 pd base-out break). The 
criteria for fusional vergences were derived from the 
participants from their study who had normal binocular 
vision values. The total prevalence of CI was 17.3%, of 
whom about 4.6% had three-sign (definite) CI, whereas 
12.7% had 2 signs (high suspect) CI, and there was no report 
on low suspect CI. A third study that used the CIRS multiple 
criteria was conducted by Marran et al.,44 and was similar to 
that of Borsting et al.41 Marran et al.44 studied convergence 
CI and AI in relation to symptoms in 299 schoolchildren 
(mean age 11.5 years, s.d. ± 0.63). The study participants 
were randomly selected from 19 elementary schools in the 
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USA. NPC was assessed using the push-up-to-break 
technique with an accommodative target; heterophoria was 
measured using the von Graefe technique; and fusional 
vergences were evaluated using prism bars. The prevalence 
of CI was found to be 14.7% for CI types 2 and 3.

A second study in Canada defined CI using 2 clinical signs 
(exophoria greater at near than distance, and NPC > 10 cm). 
In that study, Letourneau and Ducic57 investigated the 
prevalence of CI in 2084 schoolchildren aged between 5 and  
13 years. The participants for the study were randomly 
selected from 6 elementary schools in Montreal. NPC was 
measured using the push-up-to-break technique with a 
penlight target, and heterophoria was assessed using the 
cover test. The prevalence of CI was 2.2%. Although the 
magnitude of heterophoria used in the classification was 
not specified, the criteria applied were similar to the CIRS 
classification as low suspect CI, which is exophoria at near 
greater than distance and an additional clinical sign. The 
higher prevalence (8.3%) in the earlier study by Letourneau 
et al.56 compared with the lower prevalence of 2.2% found 
by Letourneau and Ducic57 might be because of the single 
criterion of receded NPC used to classify CI in the earlier 
study, whereas Letourneau and Ducic57 used 2 criteria. The 
lack of information on the magnitude of heterophoria in 
Letourneau and Ducic57 limits the interpretation.

Another study that applied the CIRS group’s classification 
system was reported by Junghans et al.51 Heterophoria 
was measured at a near distance of 33 cm using a Howell 
phoria card. It was reported that only 2.1% of their sample 
of Australian schoolchildren aged between 3 and 12 years 
had definite CI, whereas 5.9% had low suspect CI, which 
is lower than the prevalence of 8.4% for low suspect CI 
reported by Rouse et al.39 and the 33.3% reported by Rouse 
et al.37 Junghans et al.51 suggested that the differences in their 
report compared with the study by Rouse et al.39 related to 
the ethnic diversity of the populations, as there are few black 
and Hispanic people in Australia, but many Asians. The 
difference in age in the samples studied is another possible 
source of variation in the findings between these studies.39,51,41 
In Junghans et al.,51 the classification of low, high and definite 
CI appears to be inconsistent, as a poor fusional reserve 
which is a clinical sign required to classify CI38,39 was not 
considered in that study.51

Shin et al.55 studied accommodative and vergence 
anomalies in 114 South Korean schoolchildren of between 
9 and 13 years old. Participants for the study were recruited 
from a public school. NPC was measured with the push-
up-to-break technique using the fixation stick and a 
millimetre ruler. Heterophoria and fusional reserves were 
measured using the von Graefe technique. Multiple signs 
were applied to define CI although a 6 pd difference 
between near and distance exophoria was applied instead 
of a 4 pd difference in the CIRS criteria. The prevalence of 
CI was 28%.55 Furthermore, Shin et al.55 noted that binocular 
dysfunctions were significantly associated with impaired 
academic performance. Interestingly, Shin et al.55 used 

relatively stringent criteria yet found a high prevalence of 
CI. However, data collection from a single school, as in the 
study by Shin et al.,55 limits generalisation to a larger 
population.

Two studies28,59 were reported on South African populations. 
Metsing and Ferreira59 assessed vergence functions in 78 3rd- 
and 4th-grade schoolchildren in Johannesburg, South Africa. 
There was no report on convergence insufficiency, excess 
and fusional vergence dysfunction as those were not part of 
the aims of the study. However, the authors found that 17% 
of the participants had poor convergence amplitude, and 
21.9% had poor vergence facility. In a pilot study comprising 
65 high school learners, Wajuihian and Hansraj28 reported 
that 16% had low suspect CI, no participant had high suspect 
CI and 1.6% had definite CI. The possible limitations of both 
studies are the small sample size whilst sample selection 
using convenience sampling by Metsing and Ferreira might 
limit generalisation.

Taken together, for the studies that applied the multiple 
signs on unselected populations of schoolchildren, Borsting 
et al.41 and Rouse et al.39 reported a similar prevalence of 4.6% 
and 4.2% respectively for three-sign CI. For the total of CI 
types 2 and 3 (clinically significant CI), Marran et al.44 and 
Borsting et al.41 reported a higher prevalence of 14.7% and 
17.3% respectively than Rouse et al.39 who reported a 13% 
prevalence. However, Borsting et al.41 found a higher 
prevalence (12.7%) for two-signs CI than Rouse et al.39 (8.8%). 
The difference in the findings between the three studies is 
related to the method and criteria used to measure and define 
positive fusional vergence. Borsting et al.41 and Marran et al.44 
used prism bars whereas Rouse et al.39 used the von Graefe 
technique. More so, Borsting et al.41 used a test distance of 30 
cm instead of 40 cm. The change in test distance is significant, 
as moving the testing distance from 40 cm to 30 cm causes an 
approximately 5 pd reduction in the positive fusional range. 
Furthermore, fusional vergence measurement varies with the 
technique used, and step vergence testing using the prism 
bar has been reported to give a higher base-out break value at 
near than the von Graefe technique.60,61 It is unclear why the 
33% prevalence for low suspect CI found in the earlier study 
by Rouse et al.37 was much higher than the values reported 
by Rouse et al.,39 for which the same study design was used 
although the study in 1995 was a pilot study.

Studies conducted on non-clinical 
populations
In some studies, data were collected from clinical settings 
either prospectively25 or retrospectively38,42 from patients 
who attended university optometry clinics25,38,42 or from 
independent optometric practices.18,26 Prospective subject 
recruitment and data collection has merit over retrospective 
analysis because the study can be designed to reduce bias. 
From the study on prospective clinical data, Scheiman et al.25 
studied the prevalence of vision and ocular disease conditions 
in a clinical paediatric population. The study participants 
were consecutive patients who attended the Pennsylvania 
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College of Optometry Clinic. A total of 2023 children 
between 6 months and 18 years of age (1650 children were 
between 6 years and 18 years) were enrolled in the study. 
NPC was measured using the push-up-to-break technique 
and a penlight target; heterophoria was measured with the 
cover test; and the technique for fusional reserves was not 
indicated. Four of the 11 diagnostic signs indicated were used 
to classify CI. The prevalence of CI in the school-age group 
was 5.3%, which is higher than the 1.6% prevalence found in 
the preschool children in the same study by Scheiman et al.25 
The difference in prevalence between both age groups may 
be related to fewer near task demands in younger children, 
as CI has been noted to increase with an increase in near task 
demands.62

A second study on a clinic population was conducted by 
Rouse et al.38 The authors studied the frequency, distribution 
and characteristics of CI in a sample of 8- to 12-year-old 
schoolchildren. The clinic records of 415 patients examined 
at two university optometry clinics were examined. The 
records were selected using systematic random sampling 
and based on a standardised protocol. NPC was measured 
using the push-up-to-break technique. The techniques used 
to measure heterophoria and fusional vergences were not 
indicated. The authors reported that 33% of the participants 
had low suspect CI, 12% had high suspect and 6% had definite 
CI. About 17.6% had CI with 2 or more signs (classified as 
clinically significant CI). A major limitation inherent in data 
derived from an optometry training school where data are 
collected by different student clinicians is the possibility of 
inter-examiner variations that could minimise the validity of 
the study. In another clinic-based study, White and Major42 
retrospectively analysed 129 cases of patients seen at the 
vision therapy clinic at the Northeastern State University 
College of Optometry in Oklahoma. The reported prevalence 
of CI in children aged 7–19 years was 7.75% for clinically 
significant CI.

Data were collected from independent optometric practices 
in some studies. In 1992, Dwyer26 studied ‘vergence-
accommodative’ disorders in 144 consecutive patients, aged 
7–18 years, who were examined in his optometry practice. 
CI was classified as uncompensated exophoria and the 
prevalence estimate was 33%. Using the same criteria for 
exophoria at near (low suspect CI), the reported frequency 
(33%) was the same as the findings reported by Rouse 
et al.38 for low suspect CI where data were derived from two 
university optometry clinics. The high prevalence from both 
studies25,26 relates to the clinical settings from which the data 
were obtained, as people with visual symptoms are more 
likely to consult for an eye examination than patients without 
symptoms. A possible limitation of the study by Dwyer26 
is that, although several diagnostic signs were outlined, 
restricted criteria of an uncompensated heterophoria were 
applied to diagnose CI. Dusek et al.18 reported that 5.2% of 
328 patients aged 6–14 years who attended an optometric 
practice in Austria had CI. Convergence was assessed using 
the push-up-to-break technique with a penlight target.

Taken together, for CI types 2 and 3 (classified as clinically 
significant CI), the 18% prevalence reported by Rouse et 
al.38 is similar to the 17.3% prevalence reported by Borsting 
et al.41 in a non-clinical sample of schoolchildren but higher 
than the findings from other studies (Rouse et al. [8.4%],37 
Rouse et al. [13%],39 Marran et al. [14.7%],44 White and Major 
[7.75%]42). The fact that data from Rouse et al.38 was derived 
from a clinical setting may account for the relatively higher 
prevalence reported, but the reason for the similarities 
between the findings of 33% for low suspect CI reported by 
Rouse et al.37 and Rouse et al.38 is unclear. Using single criteria, 
Dwyer26 found a 33% prevalence of CI in an Australian clinical 
population. Consequently, it appears that studies conducted 
on clinical samples had higher prevalence estimates than 
non-clinic-based studies. The findings from studies on 
convergence insufficiency are summarised in Table 2.

TABLE 2: Summary of studies on convergence insufficiency.

Authors/year of study Country of study Age (years) Sample size Prevalence (%)

Letourneau et al. (1979)56 Canada 7–14 735 8.3
Abdi and Rydberg (2006)53 Sweden 6–16 120 18
Abdi et al. (2008)54 Sweden 6–16 216 6
Macfarlane (1987)50 Australia 6–11 877 6.5
Junghans et al. (2002)51 Australia 3–12 2697 11
Walters (1982)49 Australia n/a 5597 18.18
Harris (2002)43 USA 10–12 171 6
Rouse et al. (1995)37 USA 9–13 35 Low suspect CI = 33.3; high suspect = 4.2; definite CI = 4.2
Rouse et al. (1999)39 USA 9–13 453 Low suspect CI =8.4; high suspect CI = 8.8; definite CI = 4.2
Borsting et al. (2003)41 USA 8–15 392 High suspect + definite CI = 17.3%
Marran et al. (2006)44 USA 11.5 299 High suspect CI + definite = 4.7
Junghans et al. (2002)51 Australia 3–12 2697 Low suspect CI = 5.9; definite CI =2.1
Wajuihian and Hansraj (2014)28 South Africa 13–19 65 Low suspect CI = 16; definite CI = 1.6
Rouse et al. (1998)38 USA 8–12 415 Low suspect CI = 33; high suspect CI = 12; definite CI = 6
White and Major (2004)42 USA 7–19 129 Total CI = 7.75
Shin et al. (2009)55 South Korea 9–13 114 28
Scheiman et al. (1996)25 USA 6–18 1650 5.3
Dwyer (1992)26 7–18 144 33 -
Dusek et al. 2010)18 6–14 328 5.2 -
Letourneau and Ducic (1988)57 5–13 2084 2.2 -
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Convergence excess and fusional 
vergence dysfunction
CEs and FVD are less prevalent vergence anomalies than 
CI12,13 and have essentially been reported by the same studies 
on CI.12,13 CE is a binocular vision anomaly characterised 
by a tendency for an individual to over-converge their eyes 
at near.13,62 The clinical diagnostic signs include esophoria 
greater at near than at distance, reduced negative fusional 
vergence at near, and high AC/A ratio using the gradient 
method.13,41 Other clinical signs include moderate hyperopia, 
low positive relative accommodation, difficulty with 
minus lenses on binocular accommodative facility, and 
high findings on the monocular estimation method of near 
retinosocopy.13,55 The lowest prevalence (0.8%) of CE was 
reported by Borsting et al.58 in a sample of 392 schoolchildren 
aged between 8 and 15 years selected from four elementary 
schools. Shin et al.55 found that 2.4% of a sample of 114 South 
Korean schoolchildren aged between 9 and 13 years had CE 
whilst Marran et al.44 reported a higher (5%) prevalence in a 
sample of 299 schoolchildren (mean age, 11.5 ± 0.63 years). In 
Wajuihian and Hansraj,28 the prevalence of CE was 3.2% and 
no participants had FVD.

A relatively higher prevalence of CE was reported in four 
studies. In a clinical sample of schoolchildren, Scheiman et 
al.25 reported a prevalence of 7.1% which was significantly 
higher with age and in black children than in white. In 
the study by Dusek et al.,18 8.2% of 328 clinical patients 
(aged 6–14 years) who attended an optometric practice in 
Austria had CE. Dwyer25 reported a CE prevalence of 15% 
in 144 consecutive patients (ages 7–18 years) examined at the 
author’s optometry practice. The findings from studies on 
convergence excess are summarised in Table 3.

Fusional vergence dysfunction
FVD describes a binocular anomaly whereby there 
are deficiencies in the fusional vergence dynamics12,13 
characterised by inability of the fusional vergence system 
to respond rapidly and accurately to changing vergence 
demands over time.12,13,35 A literature search revealed that 
FVD has not been studied extensively. Scheiman et al.25 
reported a 0.4% prevalence of FVD in children aged between 
6 and 18 years. Somewhat related to FVD, a study in South 
Africa by Metsing and Ferreira59 found that 17% of the 
participants had poor convergence amplitude and 21.9% had 
poor vergence facility.

Convergence insufficiency, gender, 
and age
CI does not seem to have any gender preponderance in any 
age group, as available studies found no significant difference 
in frequency of CI between male and female subjects.25,39,41 
The study by Letourneau and Ducic57 found CI to be 
marginally more frequent in girls (2.1%) than boys (1.9%) in a 
population of Canadian schoolchildren. The prevalence of CI 
increased with age in some studies25,43,54 whereas Letourneau 
et al.56 found no correlation between CI and age. Similarly, 
age appears to influence the prevalence estimates of CE as 
studies with a higher age range reported a relatively higher 
prevalence.18,25,26

Convergence insufficiency and 
accommodation insufficiency
Pseudoconvergence insufficiency (PCI) has been described 
as a vergence anomaly where the patient has accommodative 
insufficiency associated with CI.39 In normal eyes, 
accommodation and convergence are neurologically 
coupled.31,44 Convergence results from, and is associated 
with, any accommodation effort; hence contraction of the 
ciliary muscles to mediate accommodation is accompanied 
by an amount of convergence.31,32,33,34,44 Contraction of the 
ciliary muscles may be insufficient or excessive but 
convergence must be exact for any point closer than infinity 
to avoid diplopia.31 Owing to this stable and positive link 
between accommodation and convergence,33,34 a deficiency in 
one variable may affect the other.31,44 PCI has been described 
in the literature39,44 as a vergence anomaly that results from a 
person’s inability to convergence as a result of insufficient 
accommodative ability.12 This syndrome has been attributed 
to a central nervous defect that affects the accommodative 
and convergence mechanism.29,30,39,44 Reports on the gender 
distribution of PCI are mixed. PCI has been recognised as a 
separate and unique clinical condition.29,30,39,44 Marran et al.44 
reported a 3.3% prevalence of PCI. The syndrome may be a 
therapeutic challenge as conventional treatment for CI does 
not completely resolve it, unless some accommodative 
therapies are initiated.39,44

Convergence insufficiency and 
ethnicity and race
On the association of CI with race and ethnicity, only the 
study by Rouse et al.39 reported on the frequency of CI in black 
and white populations, and found that ethnicity appeared to 
be significantly associated with CI classification in a study of 
Hispanic, Asian, white and black people. According to the 
same study, the small number of Hispanic and Asian children 
in the study might limit interpretation. Black subjects had a 
higher frequency (4.9%) of definite CI than did white (4.2%).

Heterophoria
Heterophoria (abbreviated as phoria) is the relative deviation 
of the visual axes when the eyes are dissociated.63,64 This latent 

TABLE 3: Convergence excess.

Authors Country of 
study

Age (years) Sample 
size

Prevalence 
(%)

Borsting et al. (2003)41 America 8–15 392 0.8
Marran et al. (2006)44 USA 11.5 299 5
Shin et al. (2009)55 South Korea 9–13 114 2.4
Scheiman et al. (1996)25 USA 6–18 1650 7.1
Dwyer (1992)26 Australia 7–18 144 15
Dusek et al. (2010)18 Austria 6–14 328 8.2
Wajuihian and Hansraj 
(2014)28

South Africa 13–19 65 3.2
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deviation requires fusional vergence efforts to maintain 
single binocular vision and involves the accommodation 
mechanism at near viewing distance.19,64 During near tasks, 
the resulting near phoria measures the degree to which 
the eyes over-converge (esophoria) or under-converge 
(exophoria) in relation to the plane of the target.65 To attain 
binocular single vision, exophoric conditions necessitate an 
increase in fusional convergence (resulting in a convergent 
vergence adaptation) whilst an esophoric deviation requires 
an increase in fusional divergence (resulting in a divergent 
vergence adaptation) to attain binocular single vision.66 
Accordingly, smooth functioning of accommodative, 
vergence and ocular alignment is important for efficient 
near tasks.19 Invariably, heterophoria indicates that a person 
is applying fusional vergence efforts to overcome the 
dissociated deviation, which is a normal characteristic of 
binocular status for most people. However, in some cases, the 
fusional vergence effort could be excessive and could result 
in symptoms or suppression in which it is described as being 
decompensated or uncompensated.64 In decompensated 
heterophoria, the vergence eye movement is unable to 
overcome a heterophoria adequately.64

Previous studies on heterophoria
Exophoria
Various studies18,46,48,49,51,52,53,54 have reported on heterophoria; 
four measured phoria using the CT; three18,48,52 of the four 
studies were similar in the use of CT and the classification 
criteria of two pd for horizontal phoria; one study51 used 
Howell phoria cards and another49 measured phoria 
using the modified Prentice technique. The focus of the 
present review is on horizontal heterophoria (exophoria 
and esophoria). The studies that measured phoria using 
the CT and classified phoria as 2 pd include a prospective 
cross-sectional study by Aring et al.52 on 143 Swedish 
children of ages 4–15 years in 2005. Aring et al.52 reported 
that 22% of the participants had exophoria. Neither age nor 
gender distribution of heterophoria was reported. Leone 
et al.48 conducted a study to determine the prevalence of 
heterophoria and its associations with refractive errors and 
ethnicity in 4093 Australian schoolchildren between 6 and 
9 years old, and found that 58.3% of the 6-year-olds had 
near exophoria whilst 52.2% of the 12-year-olds manifested 
near exophoria. Myopia was found to be associated with 
exophoria at near, and the average magnitude of prevalent 
heterophoria at near fixation was reported to be lower 

in the 12-year-old (3.9 pd) than in the 6-year-old children 
(4.9 pd). There were no significant gender differences in 
heterophoria, apart from 6-year-old girls having more 
exophoria at near fixation although the difference was not 
significant. A study on Austrian schoolchildren by Dusek 
et al.18 assessed heterophoria using the CT. Only 0.6% of 
the participants had horizontal heterophoria. The authors 
failed to specify whether the horizontal heterophoria was 
exophoria or esophoria.

The criteria applied to define heterophoria in the following 
studies were mixed, which makes comparison difficult. 
Junghans et al.51 studied functional vision anomalies in 2687 
primary schoolchildren in Australia. Heterophoria was 
evaluated at 33 cm for near using the Howell phoria cards 
technique. Junghans et al.51 found that at near, 1.3% of children 
had exophoria > 9 pd. Five (0.55%) of the 896 children tested had 
vertical phoria at near. In 1984, Walters49 performed a vision 
screening on 5597 Australian schoolchildren. Heterophoria 
was assessed at near (33 cm) using the modified Prentice test, 
and it was reported that at near, 5.68% had exophoria ≥ 5 pd 
and 2.31% had exophoria ≥ 8 pd. Neither age nor gender 
distribution of heterophoria was reported. Harris43 studied 
vision anomalies in a randomly selected sample of elementary 
schoolchildren in Baltimore City. Heterophoria was assessed 
using the CT. For near heterophoria, 7.6% of the children 
had exophoria > 10 pd. Although a less stringent criterion 
was applied, a higher prevalence was reported in the study 
by Abdi et al.54 on Swedish schoolchildren where the CT was 
used to assess the angle of heterophoria and exophoria was 
defined as ≥ 6 pd at near. The prevalence of near exophoria 
was 8.8%. Neither age nor gender distribution of heterophoria 
was reported. The highest prevalence was reported by 
Walline et al.46 who studied development of heterophoria in 
1495 American schoolchildren. The prevalence of exophoria 
ranged between 21% and 31.8% amongst kindergarten and 
fifth graders. It is unclear what criteria Walline et al.46 used 
to define heterophoria, although a decrease in exophoria with 
age was also reported. Several reviewed studies18,43,48,49,51,54 
found no significant change in phoria at near with increasing 
age. The prevalence estimates for studies on heterophoria are 
summarised in Table 4.

Esophoria
The reports on esophoria are from the same studies that 
reviewed exophoria.18,46,48,49,51,52,53,54 Using criteria of ≥ 2 pd for 
Swedish children between 4 and 15 years old, Aring et al.52 

TABLE 4: Summary of studies on heterophoria at near.

Authors Country of study Age (years) Sample size Prevalence (%)

Aring et al. (2005)52 Sweden 4–15 143 Exo 22; Eso 3.5
Leone et al. (2010)48 Australia 6–9 4093 Exo 52.2–58.3; Eso 9.2–10.4
Dusek et al. (2010)18 Austria 6–14 328 0.6 horizontal; phoria only
Abdi et al. (2008)54 Sweden 6–16 216 Exo 8.8%; Eso 1.4%
Walline et al. (1998)46 USA n/a 1495 Exo 21%; Eso 12.25%
Junghans et al. (2002)51 Australia 3–12 2697 Exo ≥ 9 = 2.6%; Eso > 3 = 11.9%
Walters (1984)49 Australia n/a 5597 Exo > 5 = 7.99%; Eso ≥ 3 = 4.58%
Harris (2002)43 USA n/a 171 Exo > 10 = 7.6%; Eso > 10 = 2.33%
Eso, Esophoria; Exo, Exophoria.
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reported a 3.5% prevalence of esophoria. In the study by 
Leone et al.,48 the prevalence of esophoria was 9.2%, and was 
10.4% for children of age 6–12 years respectively. Also, 
hyperopia was found to be associated with esophoria at near. 
Abdi et al.54 defined esophoria as ≥ 4 pd at near and found a 
1.4% prevalence of near esophoria. A higher prevalence of 
heterophoria was reported by Walline et al.,46 who found that 
the prevalence of esophoria increased with age from 6.7% for 
kindergarten children and 12.25% for fifth graders. In the 
study by Junghans et al.,51 11.9% of the children had > 3 pd 
esophoria whilst 0.5% had > 5 pd esophoria at near. In 
another study in Australia, Walters49 reported that 4.58% of 
the children had esophoria ≥ 3 pd, whilst a study by Harris43 
found that 2.33% of the participants in a study of American 
schoolchildren had esophoria.

Discussion
In the present paper, the prevalence of vergence anomalies 
was reviewed. The findings from the reviewed studies 
are summarised in Tables 2–5. Although the reviewed 
studies provide workable prevalence estimates of vergence 
anomalies, the vast variations in the clinical measurement 
techniques and findings from the reviewed studies make it 
difficult to interpret and apply the findings consistently. In 
the following paragraphs, the possible sources of variations 
and limitations of previous studies are outlined. It is hoped 
that identifying the problems will serve as a guide towards 
improving future studies.

Sources of variation
The methodological sources of variations identified from 
previous studies include:

• differences in instrumentation and techniques
• differences in classification criteria and the number of 

diagnostic signs
• differences in data analysis methods
• differences in the type of population studied (clinical/

non-clinical)
• representativeness of the populations (probability/non-

probability sampling methods)
• inter-examiner variations
• participants’ factors that include age as well as the 

fact that some techniques such as fusional vergence 
measurements are mainly subjective

• changes in the nature of near point tasks may be a source 
of variation in findings across studies.

Limitations of previous studies
• Most studies failed to detail their sampling strategies and 

how sample sizes were derived whilst some studies used 
small sample sizes with a consequently low statistical 
power. Only two studies38,57 indicated how sample sizes 
were derived. Specifically, sample size determination is 
important to ensure that the study has a good chance of 
detecting a statistically significant result if the effect is 
true that minimises a type two error (chances of missing 

a significant difference),67,68,69 thereby enhancing the 
generalisability of study findings.

• The eligibility criteria (inclusion and exclusion) that are 
important in understanding the sample studied, and 
interpreting and assessing the study validity,23,45 were not 
indicated in some studies.

• In some studies,18,25,26,38 samples were derived from clinical 
or conveniently selected samples. Although some study 
settings can only permit retrospective and convenience 
sampling methods which are relevant in providing 
baseline information, a drawback with such studies is 
that the reported prevalence may be biased because the 
study design does not provide for control of bias. In most 
cases, conveniently selected samples would not permit 
probability sampling, and most statistical formulas are 
not designed for samples selected conveniently.

• Another limitation is that some studies failed to either 
indicate the diagnostic criteria or specify the clinical 
signs used to define the outcome variable. Failure 
to report these parameters might affect the internal 
validity of a study and limit the interpretations of study 
findings. Moreover, it is important to note that it is rare 
to find a study without inherent limitations.67,68,69 Most 
reviewed studies failed to indicate the limitations of the 
studies. Indicating the limitations of a study will enable 
improvements to subsequent studies.

• Invariably, some conditions such as CI have been studied 
extensively whereas studies on other anomalies such as 
convergence excess, fusional vergence dysfunction and 
heterophoria were less studied.

• Overall, there are limited data regarding how ethnicity, 
race, age, gender, geographic location, and socio-
economic status influence vergence anomalies. Similarly, 
there are limited studies from black populations.

• No study could be found that reported on the syndromes 
of vergence anomalies in any black South African 
population. Remarkably, only two studies25,26 had 
participants of up to 18 years’ age (high school age). 
The high school populations are particularly relevant 
for studying as they are vulnerable to accommodative 
and vergence anomalies because of the relatively high 
near task demands they are exposed to, given that near 
tasks increase with increasing school grade level and as 
children prepare for tertiary education, which has even 
greater near task demands.

Significance and limitations of present review
A major strength of the present paper is an extensive and  
up-to-date review of available literature on vergence 
anomalies in school-age children. A possible limitation is that 
only studies reported in the English language were retrieved; 
it is possible that articles reported in other languages were 
omitted. Secondly, only published papers were reviewed; 
credible unpublished studies might have been omitted. 
Despite the outlined limitations, the present review is 
significant and has important implications and applications 
in optometric education, clinical practice, research and health 
policy planning.
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Recommendations for future studies
The following recommendations are aimed to improve future 
research on accommodative and vergence anomalies:

• To minimise variations in classifications and investigative 
techniques, international expert bodies such as the 
convergence insufficiency and reading study group and 
the Convergence Insufficiency Treatment Trial groups 
should stipulate a standardised study design (common 
definitions, measuring techniques and diagnostics 
criteria, statistical analyses and reporting methods) for 
accommodative and vergence anomalies. Such criteria 
should be used as a benchmark to access credibility of 
subsequent studies. Consistent diagnostic techniques 
and criteria are important, considering their impact on 
diagnosis and treatment.

• Vergence anomalies are prevalent in school-age 
populations and, given the clinical significance, it 
is important that optometrists and other eye care 
professionals consider it mandatory to evaluate, diagnose 
and treat these anomalies in all settings. Continued 
research by professionals should also be considered as a 
major aspect of interest.

• Further research is needed as to whether the prevalence 
of accommodative and convergence anomalies varies 
by ethnicity, race, age, sex, geographic location or 
socioeconomic status. These factors can be investigated 
via collaborations between international researchers.

• Studies on high school populations will be relevant to 
characterise vergence anomalies in such populations.

• Authors should adequately detail all testing protocols to 
enable reproducibility of a study by other researchers.

• Studies with larger sample sizes using random sampling 
would yield more conclusive results.

Summary and conclusion
Summaries of the reviewed studies are presented in  
Tables 2–5. Irrespective of whether single or multiple clinical 
signs were used to classify vergence anomalies, the present 
review shows that these anomalies are prevalent in all 
settings in school-age populations. The lack of uniform 
diagnostic protocol and classification criteria has complicated 
the comparison of prevalence estimates from different 
studies. Consequently, the present review has provided a 
workable prevalence range for vergence anomalies and 
highlighted some methodological concerns in previous 
studies. Given that treatment regimens are based on 
appropriate measurement and diagnosis, it is important to 
establish a standardised diagnostic protocol and criteria with 
the ultimate goal of optimum patient care. Continued 
discourse, which will further enhance our understanding of 
vergence anomalies, is certainly needed, given that the 
negative consequences of untreated vergence anomalies are 
numerous. Optometry plays a major role in the detection, 
assessment and management of visual anomalies in children, 
as the optometrist is often one of the healthcare professionals 
whom parents consult when a child performs poorly 
academically.
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