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ABSTRACTABSTRACT
Background: Accommodative convergence to accommodation (AC/A) ratio expresses the quantitative relationship 
between the convergence and accommodation. Purpose of this study was to assess and compare the effect of 
red and green filters on high and low AC/A ratio in emmetropes. 
Materials & Methods: A comparative cross-sectional study was conducted in The University of Faisalabad. Total 
one hundred (100) emmetropic females from 18 to 25 years of age (20 having low AC/A ratio and 80 with high 
AC/A ratio) were included in the study through purposive sampling technique after obtaining informed verbal and 
written consent. Data was collected using self-designed examination based proforma. AC/A ratio was measured 
with heterophoric method initially without any filters, and then with red and green filters. Data was analyzed using 
SPSS version 22. Paired t-test was applied to assess the effect of red and green filters on the base line and then 
independent t-test was applied to compare the effect of red and green filters.
Results: Total 100 emmetropic females revealed that red and green filters have decreased high AC/A ratio and 
improved low AC/A ratio (p <0.001). Moreover, it was observed that red filters have improved low AC/A ratio (p-
0.023) and decreased high AC/A ratio more effectively as compared to the green filters (p <0.05).
Conclusion: This study concluded that the red and green filters improved AC/A ratio and thus, can aid in preventing 
binocular visual anomalies effectively.
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as well as strabismus. Myopes exhibits high AC/A 
ratio while hyperopes had a low AC/A ratio. Moreover, 
high AC/A can result in convergent squint whereas, 
low AC/A ratio causes divergent squint (Figure 1).2

Figure 1: impact of different types of ac/a ratio 
In abnormal AC/A ratio, the coordinating mechanism 
between accommodation and convergence is dis-

INTRODUCTIONINTRODUCTION
Accommodation at near, resulting convergence and 
miosis is a really complex neuromuscular process 
that occurs to maintain binocular vision at all fixat-
ing distances. Near triad results due to synkinesis 
between accommodation and convergence known 
as AC/A ratio. This is accommodative convergence 
generated in response to unit of accommodation.  
Causes of abnormal AC/A ratio includes general 
systemic illness, history of trauma or effect of  local 
cycloplegics.1 The normal range of AC/A ratio is 
3-5:1∆. Disturbance in AC/A ratio can result in refrac-
tive errors, non-strabismic binocular visual anomalies 
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turbed and causes fusional imbalance that results in 
latent deviation.3 An emmetropic person with normal 
AC/A ratio, can exhibit 4-6 ∆ of phoria at near (esopho-
ria and/ or exophoria), however it can be as high as up 
to 10 ∆ to 12 ∆ of exophoria. Horizontal phorias occur 
due to several anatomical reasons like interpupillary 
distance and extraocular muscles abnormalities, 
optical axis variation or can be physiologically due 
to age. Esophoria occurs more frequently in young 
age (children) as there is lead of accommodation, 
especially in hypermetropia.4

Patients with the abnormal AC/A ratio can experience 
asthenopic symptoms, binocular discomfort, head-
ache, eyestrain, double vision (diplopia) and problem 
in shifting focus from near object to distance object 
and vice versa leading to several visual problems and 
even vertigo. Spectacle correction of the refractive 
error present may not alleviate persisting and associ-
ated symptoms. Persistent condition then can leads 
to manifest deviation.5 AC/A ratio can be measured 
using gradient method, heterophoric method and Von 
Graefe’s method.6,7

Abnormal AC/A ratio can be treated by providing 
adequate correction of refractive errors, different 
vision therapies as well as fusional vergence exer-
cises for binocular anomalies. It includes addressing 
disturbance of near point of accommodation and 
convergence. Management can also be done using 
adequate prisms and colored filters where needed. 
However, treating any systemic cause or illness if 
present is essential.
Filters are known for their therapeutic effect on visual 
performance.8, 9 Therapeutic use of filters as a syn-
tonic phototherapy is simple as well as non- invasive 
treatment that uses specific light colors, of definite 
frequency and wavelength in order to improve brain’s 
regulatory centers. It is really effective in treating 
chronic headaches, cognitive impairment, stress, 
learning disorders, Meales’s Irlen disease, dyxlexia, 
improvement of contrast, vision therapies, brain inju-
ries, trauma and concussions, improvement of con-
trast and visual acuity with photo-therapy.10 Red filters 
has greater wavelength about 690 nm and stimulates 
exclusively cone component (L-cones) of the retina, 
which in turn excites the fovea. Red light enhances 
charge of nerve cell that would disrupt synaptic re-
sistance and ultimately stimulates the visual system 
and improves vision, as biochemistry of the brain is 
influenced thus sympathetic and parasympathetic 
nervous system is improved. Red light illuminates 
major bulk of blood that is flowing in eye and visible 
light frequencies causes relaxation of arbitrated blood 
vessel walls. Blood circulation enhances in capillaries 
to diminish hypoxia and effectively reverses practical 
symptoms.11 It is believed that in convergence insuf-
ficiency, high exophoria at near as well as decreased 
stimulus AC/A ratio is seen due to imbalance between 
the vergence and accommodation adaptive mecha-

nisms.12 Red filters  creates photopic environment, 
constricts pupil as light of increased wavelength and  
intensity reaches retina, lens became more globular 
and accommodation increases due to increased cor-
tical hyper-excitability which in turn sends stimulus to 
accommodative convergence.13 Thus, near point of 
convergence increases, while exophoria decreases 
this results in improvement of accommodative conver-
gence per accommodation (AC/A) ratio. Red filters are 
being recommended in albinism, macular dystrophies 
and in several retinal pathologies, where improvement 
in the vision is desired. Green filter has optimum wave-
length (531nm) as the green cone (M-cone) is placed 
in the center of the retina, it provides the most optimum 
and comfortable vision to the eyes. Mesopic condition 
is created and cortical hyper-excitability decreases 
(pupil become dilated) and lens become flatten hence 
amplitude of accommodation is decreased thus, the 
AC/A ratio is improved. Green filters are prescribed 
in children and adults with reading difficulties.14 Ob-
jectives of this study were to assess and compare the 
effect of green and red filters on high and low AC/A 
ratio among emmetropes in order to include filters as 
a therapeutic modality in everyday clinical practice 
besides vision therapies to fix abnormal AC/A ratio to 
aid in prevention of refractive errors and strabismus.

METERIALS AND METHODSMETERIALS AND METHODS
A comparative cross-sectional study was conducted 
at optometry lab in The University of Faisalabad from 
September 2022 to May 2023. Total hundred (100) 
emmetropic females from 18 to 25 years of age were 
included in the study after taking ethical approval 
form the ethical institutional review board (Ref: TUF/
IRB/016/021). Inclusion criteria were emmetropia, eso-
phoria and exophoria both at near/distance, patients 
experiencing asthenopia, high AC/A ratio (≥5.5:1∆) 
and low AC/A ratio (≤ 3.5:1∆). All the refractive errors, 
tropias, amblyopia, neuromuscular disorder or other 
ocular as well as systemic pathologies were exclud-
ed. Eighty (80) females with high AC/A ratio as well 
as 20 with low AC/A ratio were included in the study 
through non-probability purposive sampling technique 
after obtaining verbal and written informed consent. 
Data was collected using self-designed examination 
based proforma. Heterophoric method was used for 
calculation of AC/A ratio using formula; AC/A= IPD 
+ ((∆N-∆D)/D) where IPD stands for interpupillary 
distance, ∆N for near phoria at 33 cm, ∆D for distance 
phoria at 6 meters and D for near fixation distance in 
meters. Interpupillary distance was measured using 
standard PD ruler.7 Phorias at near and distance were 
assessed using Maddox rod and horizontal prism bar 
while fixating at pen torch as near fixating target and 
LED bulb as distance fixating target, respectively. 
Initially AC/A ratio was measured in both groups with-
out using any filters. The same procedure was then 
repeated and AC/A ratio was measured using red and 
green filters in each turn separately. Data was analyzed 
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using SPSS version 22. Using 95% confidence interval 
firstly, the effect of red and green filters on baseline 
AC/A ratio was assessed with paired t-test and then 
effect of red and green filters were compared using 
independent t-test.

RESULTSRESULTS
Total hundred (100) emmetropic females from 18 to 
25 years of age were included in the study through 
purposive sampling technique. Twenty (20) of them 
were with low AC/A ratio while 80 of them had high 
AC/A ratio, descriptive statistics of age of the partic-
ipants is shown in Figure 2. 

Figure 2: Descriptive Statistics of Age of Low 
and High AC/A Ratio

Moreover, it was observed that lowest AC/A ratio 
was recorded in older individuals while highest 
AC/A ratio was recorded in younger individuals in 
both the groups as shown in Figure 3 and Figure 
4, respectively.

Figure 3: Frequency Distribution of Age and 
Mean of Low AC/A Ratio

Figure 4: Frequency Distribution of Age and 
Mean of High AC/A Ratio

The paired t-test showed that there was significant 
improvement in both low and high AC/A ratio using 
red filters (p<0.001) and green filters (p<0.001), 
respectively (Table 1). Mean low AC/A ratio improved 
from baseline mean ±SD (2.90:1 ∆ ±0.14) to (4.05:1 
∆ ±0.79) using red filters and (3.48:1 ∆ ±0.72) using 
green filters (Figure5), whereas, high AC/A ratio mean 
±SD (5.83:1 ∆ ±0.29) was decreased to (5.41:1 ∆ 
±0.44)  with red filters, and to (5.57:1 ∆ ±0.49) with 
green filters, from the baseline, respectively (Figure 
6). Independent t-test was also applied to compare 
the effect of red and green filters on low and high 
AC/A ratio. Red filters showed significantly more 
improvement in optimizing low AC/A ratio (p=0.023) 
and high AC/A ratio (p<0.05) as compared to green 
filters, respectively (Table 1).

Figure 5: Descriptive Statistics of Participants 
with Low AC/A Ratio

Table 1: Effect of Green and Red Filters on High and Low AC/A Ratio

Variables Mean±SD Sig (2- tailed)
Low AC/A Ratio without Filter - with Green Filter -0.5785±0.4861 0.000
Low AC/A Ratio without Filter - with Red Filter -1.1460±0.3607 0.000
Low AC/A Ratio with Red vs Green Filters 0.5675±0.2399 0.023
High AC/A Ratio without Filter - with Green Filter 0.2636±0.3380 0.000
High AC/A Ratio without Filter - with Red Filter 0.4193±0.3380 0.000
High AC/A With Red vs Green Filters -0.1316±0.0662 0.049
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cesfully optimsed both the low and high AC/A ratio 
but red filters were comparatively superior (p<0.001, 
p<0.05). However, the limitations of the study were 
limited age group, the study does not suggests any 
hours for prescribing therapy, and refractive errors 
were also not included for a better understanding of 
the mechanisms of filters but it is recommended that 
clinicians should assess AC/A ratio of emmetropes, 
myopes and hyperopes experiencing asthenopia. 
Red filters must be recommended to patients with 
high AC/A ratio to prevent myopia as well as in my-
opic patients to halt myopic progression. 

CONCLUSIONCONCLUSION
It was concluded that the AC/A ratio can be improved 
with the help of red and green filters. Furthermore, 
red filters had superior effect in optimizing low and 
high AC/A ratio as compared to green filters. More-
over, filters have an impact over the reduction in 
asthenopic symptoms, and thus could aid in the 
prevention of refractive errors as well as strabismus.
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