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Abstract
Background: To establish the prevalence and distribution of heterophoria in low myopia juveniles and
and provide evidence of myopia prevention and treatment. 

Methods: Near and distant heterophoria were administered to the patients who were diagnosed of low
myopia at their �rst visit in clinic. Tthe Von Graefe method was performed to test near, distant horizontal
heterophoria types and degrees. Statistical analysis was performed with SPSS17.0 software. 

Results: A total of 150 students were participated in this study. Distant and near phoria was detected in
92.67% and 96.00% of the students respectively. exophoria was more common than
esophoria(diantant:79.33% vs 13.33%; near:86.67% vs 9.33%, P<0.05), and the mean deviation of
diantant and near heterophoria was -1.97△ and -3.91△. There was a statistical difference between the
near and distant heterophoria (P<0.05). 

Conclusions: Most myopia juveniles have different extents of exophoria. Due to the high prevalence of
heterophoria in myopia, in the process of refraction, attention should be paid to the examination of
binocular visual function parameters such as heterophoria, which is conducive to the issuance of suitable
optical correction prescriptions and the reasonable measures for myopia prevention and control.

Keywords: Heterophoria, myopia, juvenile school students

Background
Heterophoria is the relative deviation of the eyes in absence of fusional vergence. and its
examination,both diatance and near, is essential to diagnose binocular disorders [1]. In 2015, Babinsky et
al[2] conducted heterophroia exams on 50 children (refractive diopter: -1.25D to +3.75D) and 12
orthophoria adults, their results showed that 78% children and 69% adults manifested exophoria de�ned
by over two prism degree, and only 20% children and 23% adults had orthophoria(the degree of deviation
was within two prism degree, including each two-prism-degree exophoria and esophoria), and only one
kid and one adult had esphoria over two prism degrees. Meanwhile, some studies suggested the
association between esphoria and myopia developments [3], as well as the relationship between esphoria
and myopia. Myopia is one of the most common refractive error in juveniles. As applications of
progressive eyeglass and attempts of multiple approaches for myopia control keep increasing, scholars
pay more and more attention to binocular visual parameters of heterophoria.

The uncoordinated accommodation and convergence in myopia could affect the balance of extraocular
muscles, resulting in heterophoria. An abnormal value of heterophoria may lead to symptoms like visual
fatigue, headache or double vision[4 ]. Eyeglass wearing discomforts due to heterophoria is common,
especially in those juveniles with convergence insu�ciency and higher heterophoria degree. Therefore,
measurements of heterophoria will affect further prescriptions. Considering the present high incidence of
myopia in juveniles, appropriable optic prescriptions could not only protect their vision but also prevent
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heterophoria and improve their visual functions. However, some optometrists only conduct the degree of
refractive errors, especially in the undeveloped area of China, not mentioning binocular vision tests.
Therefore, in this study, we performed near and distant heterophoria test on newly diagnosed myopia
juveniles and conducted a relevant literature review to evaluate the current situation of imbalanced
extraocular muscles. It is expected to provide clinical data for optic prescription and control of myopia.

Methods
Inclusion criteria

The juveniles had corrected visual acuity(VA) above 20/20, with fusion and stereovision. None of them
had been prescribed any optical correction at the time of their visit. Written informed consent was
obtained from the parents of the children tested. Organic diseases were excluded by slit lamp and fundus
examination.The school children should be low myopia with or without low astigmatism and low
anisometropia (all < 1.00 D). (spherical degree: from -0.50 D to -3.00 D, cylindrical degree < 1.00D).

Heterophoria examination Procedures

All the subjects were examined by the same optometrist, with the same instruments under the same
conditions. The tests and measurements were as follows: history and symptoms, visual acuity without
correction, Objective refraction which was performed by static retinoscopy, monocular subjective
refraction by phoropter, followed by binocular balancing to a standard endpoint of maximum plus for
best visual acuity (MPBVA). Then Von Graefe method was applied to measure near and distance
heterophoria (6 m for distance and 40 cm for near test). A dissociating prism of 6 △ base up was placed
in front of the right eye and a measuring prism (12 △ base in) before the left eye, using the phoropter. For
both distance and near vision, subjects were instructed to fixate at the line of 20/30 visual acuity letters
and were told to keep the letters clear all the time. All tests for the horizontal heterophoria were done three
times and recorded and the average value was analyzed.

Statistical analysis

The numerical data was expressed as x(_)±SD, and statistical analysis was conducted with SPSS
(version 17.0). Repetitive measurement and analysis method was utilized to compare the near and
distance heterphoria. A P value less than 0.05 was treated as statistical signi�cance.

Informed consent and ethical approval of procedures

The local administration of the Education and School Board were contacted to request their cooperation.
After securing permission to perform the study, approval was obtained by the appropriate university
Ethical Advisory Committee. Written informed consent from the participants or their parents/legal
guardians were obtained before the examination.
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Results
There were 73 male patients and 77 female juveniles, with ages between 12 to 16 years(mean
age:13.71±1.25 years). Their spherical diopter ranged between -0.50 D to -3.00D, and astigmatism ranged
between -0.25D to -0.75D. Table 1 shows the descriptive statistics for the 150 mild myopia subjects.The
table gives the mean and standard deviation and 95% Con�dence Interval(CI). As can be seen, the mean
value obtained for distance vision was less than the value of near of heterophoria. This value increased
for near vision.

In this study, the results of the types about distance horizontal heterophoria showed that orthophoria just
accounted for 7.3%, while the other 92.7% ones had different kinds and extents of heterophoria
(exophoria more than esophoria: 79.33% vs 13.33%). and in the near heterophoria tests, 96.00% ones had
different kinds and extents of heterophoria (exophoria:86.67% vs esophoria: 9.33%). Furthermore, the
exophoria obtained for near vision was greater than that observed in distance vision (Table 2).

Discussion
Our investigation and statistical results indicated that the near exophoria was the most popular
heterphoria in myopia juveniles. Sanker et al[5] found that 38 out of 49 college students were exophoria
by near heterophoria tests. In 2007, Jin et al[6] tested 825 juveniles and found the percentage of
esophoria, exophoria was 36.4%, 52.9% respectively in those students with normal refraction, and was
22.6% and 64.7% in the students with myopia. The distance exophoria, esophoria rate was 19.8% and
60.4% respectively in the students with normal refraction, while was 28.8% and 50% in the myopia
students. Despite these studies had a discrepancy in their reported near and distance heterophoria tests,
there was a pattern that near exophoria incidence was more than esophoria in the myopia population.
Besides, some differences might exist in the distance and near heterophoria no matter in normal or
myopia populations, which were consistent with our �ndings. We found the statistical difference
(F=300.00, P=0.000) between the mean value of distance and near heterophoria . Meanwhile, the
changes of convergence before and after glass wearing would affect heterphoria degree, leading to
difference before and after visual correction. Therefore, we believed that heterophoria tests should
include distance and near heterophoria before visual correction beyond of heterophoria after visual
correction.

Heterphoria is believed to be associated with the development and progressive speed of myopia. Goss et
al[7,8]found the association between near heterophoria and myopia. However, that association only
occurred in those near heterophoria accompanying with accommodation lag [9]. In 2006, Adler et al[10]
revealed that myopia increased faster in those near esophoria children than those orthophoria or
exophoria ones, but with no signi�cant difference [11,12]. Recently, myopia has become a social issue. In
2013, Fan et al[13]found that near exophoria juveniles accounted for 73.6% in those myopia ones, and
these exophoria juveniles developed myopia faster than those esophoria and orthophoria ones,
suggesting that the accommodation of eye position in juveniles is a risk factor of myopia, and
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reasonable optometry and accommodation practice might reduce the development of myopia. Therefore,
each subject should have heterophoria tests to improve the comfort and success of optometry by
excluding failure due to exophoria. Besides, practices could be administered according to the binocular
vision test results to delay the myopia progress. The accurate measurement of heterophoria is important
to myopia progress prediction and control selection.

There might be some differences of the heterphoria between normal and nearsighted populations. In
1980, Fang et al[14] investigated the heterophoria situations in 1156 normal visual acuity adolescents
and the results showed that distance esophoria ones accounted for 44.63%, and exophoria ones
accounted for 24.48%. In 2000, Ren et al[15] conducted heterophoria tests on 1027 navy pilots and found
the ratio of orthophoria, distance esophoria, and exophoria was 13.1%,  48.4% and 23.8% respectively. In
1989, Xu et al[16] tested 650 eyes from 325 normal sighted subjects and they reported 295 cases of
heterophoria (90.76%), 30 cases of orthophoria(9.24%). In those heterophoria ones, esophoria is the most
common type (156 cases: 52.88%). In 2003, Chen et al[17] performed heterophoria tests on 36 subjects
including 11 myopia and 25 normal ones, their �ndings discovered about 72% normal sighted eyes had
near exophoria, and 68% nearsighted eyes had near exophoria, but with no statistical signi�cance.
Despite the heterophoria degrees varied at those different studies, it’s suggested that distance esophoria
is more than exophoria, and near exophoria is more than esophoria in normal sighted healthy
adolescents. As our research results disclosed, both distance and near exophoria was more than
esophoria in nearsighted juveniles. The variance of our results from other publications might be due to
the facts that included subjects were newly diagnosed myopia juveniles at their �rst optometry and they
had no eyeglass wearing histories.

The approach of progressive multifocal eyeglass to control juvenile myopia is still in doubt, and most
ophthalmologists and optometrists believe it should be selectively used. The progressive multifocal
eyeglass wearing could add luminosity, decrease accommodation demand at near sight, enhance
divergence, increase exophoria, reduce positive fusion, decrease accommodation, and increase
accommodation lag. All these factors could increase myopia and therefore the progressive multifocal
eyeglass should not be utilized in juveniles as routine. Furthermore, indications such as esophoria, high
AC/A ratio should be strictly followed [18]. In 2012, a study showed that progressive multifocal eyeglass
could control the development of myopia in those nearsighted children with high accommodation lag
[19]. In 2011, Xu et al[20] reported their observations on 50 esophoria myopia subjects wearing eyeglass,
and their results disclosed that the speed of degree increment was fastest in those subjects wearing
normal eyeglass, then distance spectacles (-1.50DS) and multifocal eyeglass, and �nally reading
spectacles. The previous literature have reported [9,21,22]that bifocal or progressive multifocal eyeglass
wearing could foster myopia in near exophoria children. Besides, most juveniles are not suitable to wear
progressive eyeglass if they have normal visual functions. Although most myopia subjects wearing
progressive multifocal eyeglass had no discomfort complaints, their optometry exams indicated a high
percentage of exophoria and low AC/A ratio. Some subjects might loss convergence because of obvious
intermittent exophoria problems. Progressive multifocal eyeglass might not cause serious outcomes in
those juveniles with the normal position of the eye, however, it might turn to be serious in those ones with
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obvious exophoria without prism prescription. Only those juveniles having high AC/A ratio, esohoria, high
positive relative accommodation (PRA) and negative relative accommodation(NRA) are suitable to wear
progressive multifocal eyeglass. However, the juveniles meet above requirements account less than 20%,
therefore, optometrists should deliver their best prescription and suggestion at their abilities and
systematically record AC/A ratio, position of the eye, amplitude of accommodation (AMP), PRA and NRA
before prescribing progressive multifocal eyeglass.

Near visual fatigue has been paid more and more attention as the developing of society and the
increasing burden of near distance visual assignments. In the case of the low heterphoria degree, it could
be compensated itself with no symptom only by divergence reserve. When the heterphoria degree is large
or there is convergence insu�ciency, long term over the use of divergence reserve will lead to muscular
visual fatigue. In 2016, Veselý et al[23] evaluated the binocular visions in 68 cases of young adults (mean
age: 26 years), of whom 26 cases were both near and distance orthophoria, and 42 cases were abnormal
(12 cases of esophoria, 8 cases of exophoria, 13 cases of convergence insu�ciency). Their results
suggested that accurate spherocylindrical lenses optical correction could alleviate binocular visual
disorders. Therefore, different refractive error and deviation of eye position should be taken into
consideration for optical correction so as to improve the relationship of accommodation and
convergence and to reduce the deviation degree which would increase otherwise. It’s necessary for
optometrists to keep this knowledge in mind. In 2015, Vilela et al[24]reported visual fatigue accounted for
24.7% in 964 students aged between 6 to 16 years, reminding health care providers to pay attention to
these visual fatigue students since the fatigue will affect those students’ lives and studies in schools. At
the time of refractive correction, we could ask the examinees to have optic correction or training for
heterophoria according to their ages. In order to �nd tropia or heterophoria patients earlier, we believed
that eye position and near as well as distance heterophoria should be measured during optometry, the
optic correction prescription based on which could protect juvenile vision and visual function mostly.

Conclusions
In conclusion, this test reported the prevalence of heterophoria in west area of China. The prevalence of
exophoria appears to be higher than esophoria in low myopia juvenile school students. Due to the high
occurrence of heterophoria in myopia, it should be routinely assessed in clinical optometric practice.

Abbreviations
MPBVA: maximum plus for best visual acuity; CI: con�dence interval; D: diopter; SD: standard deviation;
SE: spherical equivalent; DHT: the amount of distance horizontal heterophoria; NHT: The amount of near
horizontal heterophoria.
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Tables

 

          Table 1 - The descriptive data for the 150 mild myopia subjects

  Mean SD 95%CI
Age(years) 13.71 1.25 13.51 13.91
SE(D) -1.71 0.68 -1.82 -1.60
DHT  (△) -1.97 2.37 -2.3 -1.59
NHT (△) -3.91 2.96 -4.38 -3.43

Abbreviations: CI, confidence interval; D, diopter; SD, standard deviation; SE, spherical equivalent; DHT, the
amount of distance horizontal heterophoria; NHT, The amount of near horizontal heterophoria

 

Table 2 - The results of near and distance exophoria and esophora examinations in 150 myopia middle school
students

  Distant Near

Orthophoria (%) 11 (7.3%) 6 4%
Exophoria (%) 119 79.33% 130 86.67%
Esophoria (%) 20 13.33% 14 9.33%

Comparison of the near and distant heterphoria F=184.33 P=0.000

 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Goss%20DA%5BAuthor%5D&cauthor=true&cauthor_uid=8144839
https://www.ncbi.nlm.nih.gov/pubmed/8144839
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vesel%C3%BD%20P%5BAuthor%5D&cauthor=true&cauthor_uid=28229606
https://www.ncbi.nlm.nih.gov/pubmed/?term=Spurn%C3%A1%20G%5BAuthor%5D&cauthor=true&cauthor_uid=28229606
https://www.ncbi.nlm.nih.gov/pubmed/?term=Han%C3%A1k%20L%5BAuthor%5D&cauthor=true&cauthor_uid=28229606
https://www.ncbi.nlm.nih.gov/pubmed/?term=Synek%20S%5BAuthor%5D&cauthor=true&cauthor_uid=28229606
https://www.ncbi.nlm.nih.gov/pubmed/28229606


Page 10/10

 


