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Introduction 

Functional squint is the most common cause of monocular 

visual impairment in children with an incidence of 1–5% in the 

general population [1, 2]. The most common treatment for 

unilateral squint is the occlusion of the dominant eye with an 

opaque patch to promote visual function in the squint eye [3, 4]. 

Squint is thought to be affecting primarily the function of the 

lateral geniculate nucleus and visual cortex. Therefore, it has 

been known that the conventional pattern visual evoked 

potential (P-VEP) is abnormal in squint. [5–8]. This study aimed 

to evaluate the effectiveness of P-VEP during the monitorization 

of visual acuity and to demonstrate whether this method was 

useful in such patients under occlusion therapy. 

Patient and method 

In this prospective study, we evaluated 34 consecutive 

children with squint under occlusion therapy aged between 4 and 

11 years old. Inclusion criteria were as follows: (1) a difference 

in visual acuity of 2 lines or greater between two eyes; (2) 

cylinderic or spheric difference of 1.5 D between two eyes; (3) 

the age over 3years old (to avoid problems caused by patient in 

cooperation in smaller ages).  

On the other hand, exclusion criteria were as follows: (1) 

any media opacities cataract, vitreus opacities, corneal opacities, 

etc.); (2) any ocular disease (the optic nerve and the retina, etc.) 

that may affect electroretinographic evaluation; (3) previous 

history of ocular surgery or therapy for management of squint. 

All patients underwent a full initial ophthalmologic and 

orthoptic examination. Cycloplegic refraction was performed by 

instilling 2 drops of 1% cyclopentolate hydrochloride in each 

eye 5 min apart [9]. All refractive errors were corrected and 

best-corrected visual acuities were recorded. At the first visit, 

refractive correction was given to anisometropic patients and 

was instructed to wear their eyeglasses regularly. P-VEP test 

was performed and binocular vision was tested with Worth’s 

four-dot test and Bagolini striated glasses, which then were 

recorded at each visit. Occlusion therapy consisted of part-time 

occlusion using adhesive patches. The number of hours per day 

of occlusion varied depending on the child’s age. 

Recordings 

P-VEP’s were recorded with full-field black and white 

checkerboard pattern reversal. Recordings from the subject’s 

scalp were obtained from an electrode placed 1 cm above the 

inion on the midline. A pair of ear clip cup electrodes filled with 

electrode paste were used for the reference and ground 

electrodes with an impedance of less than 5 kW. At least, 2 

recordings of responses to 64 stimuli were recorded. Monocular 

viewing and natural pupils were used. The mean luminance of 

the stimulus was 46 cd/m2.  

Checks subtended 30’ of visual angle and viewed at 0.5 m. 

Checks were 20’-sized with 90% contrast and 1.02 Hz 

frequency. Low and high frequency filters were respectively 1 

and 100 Hz, and analysis time was 300 ms. Subjects were asked 

to relax and maintain fixation at the center of the stimulus 

pattern, and to refrain from blinking during the stimulus 

sequence. Refractive errors were corrected for the working 

distance used during the VEP test [10, 11]. All statistical 

analyses were performed by the statistical package. 

Chi-square test was used to analyze the results of the 

Worth’s four-dot test and Bagolini striated glasses tests whereas 

t-test was used to analyze the P-VEP parameters. A p value 

below 0.05 was considered to be statistically significant. The 

results were expressed as mean ± standard error of mean (SEM).
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Result 

        In the present study, 19 boys and 15 girls with a mean age 

of 6.7 ± 0.2 years (range 4–11 years) were included. All patients 

were followed up at least for 6 months. The mean refractive 

error was +5.6 ± 0.6 D in the squint eyes and +1.8 ± 0.2 D in the 

normal eye. There were statistically significant differences 

between the visual acuity levels evaluated at baseline and at 

first, third and sixth months after the beginning of the occlusion 

therapy (for each, p < 0.05; Table 1).  

Bagolini glasses 

The results It is slightly dissociating test.  This test is 

performed with the use of test striated glasses through which the 

patient sees light streak by each eye, viewing the light on the 

Maddox cross. Light streak is in the 45-degree meridian and 

another in the 135-degree meridian (see Figure. 1 a- d).  

 
Figure 1 Bagolini glasses 

Images of the light streaks images are interpreted as follows: 

A. Two streaks crossing at the center of the light: normal retinal 

correspondence without strabismus or microstrabismus with the 

anomalous harmonious retinal correspondence. B. Two streaks 

are crossed but one is broken in the center: scotoma of the 

fixation point.C. Two streaks: one running centrally, and another 

shifted: squint with either normal or anomalous unharmonious 

retinal correspondence. D. One streak is visible: suppression of 

the deviating eye. 

 
Figure 2 Fixation of Bagolini glasses  

Worth four-dot test 

This test is strongly dissociating the vision. Red-green 

glasses are worn which permeable for only colors adequate for 

each eye and enables to see red-green lights arranged into the 

cross (see Figure 3). 

 
Figure 3 Worth four-dot test 

Interpretation is dependent on the seen image: 

 

   Visible four lights: normal binocular vision or micro 

strabismus of anomalous retinal correspondence. 

   Visible only two red or green lights: suppression of one eye. 

   Visible 5 lights: manifest squint  with normal retinal 

correspondence or anomalous unharmonious correspondence 

(.See Figure.4) 

 
Figure 4 Possible Worth four-dot test. A-normal binocular 

vision, B-esotropia with uncross images C-exotropia with 

cross images, D-suppression one eye. 

The results of binocular vision tests evaluated by Worth’s 

four dot test and Bagolini striated glasses are shown in Table 2. 

The ratio of the patients with binocular vision that increased 

after 6-month occlusion therapy was increased.  

The results of the P-VEP (see Figure 5) values are shown in 

Table 3. Although the difference for P100 wave latencies was 

similar before and after the occlusion therapy (p > 0.05), there 

was a step by step improvement in P100 amplitude at each visit 

and the difference was statistically significant (for each, p< 

0.01) when compared with the baseline value (Figure 6 a–d). In 

addition, we found a positive correlation between P100 

amplitude and the levels of visual acuity on snellen charts (p = 

0.003, r  = 0.49). 

 
Figure 5 A VEP response. N75= negative peak 1; P100= 

positive peak 1 (P 100); N135= negative peak 2 

 
Figure 6 The layouts of P-VEP obtained; (a) pretreatment; (b) 

first month; (c) third month; and (d) sixth month after the 

beginning of the occlusion therapy. Note the improvement in 

P100 amplitudes step by step at each visit. 

Discussion 

Human squint is characterized by a decreased activation of 

the primary visual cortex, which is treated by both patching and 

atropine as an effective initial treatment [12–15]. Although the 

primary visual cortex is thought to be the most affected structure 
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in the visual pathway in squint, other abnormalities may occur 

earlier in the afferent visual system [16]. 

The binocular neurons of the primary cortex are involved in 

integrated visual functions, like simultaneous binocular vision, 

fusion and stereopsis. In case of eye misalignment, blurred 

image or the occlusion of the eye, the animal’s b inocular 

neurons disappear from the visual cortex and only monocular 

neurons remain [17]. Histologic examinations of the lateral 

geniculate nucleus have revealed cell shrinkage in the layers that 

receive stimuli from the squint eye [18]. 

It, however, remains unclear whether the retina is also 

affected during the process of squint. A class of retinal ganglion 

cells (the sustained or X cells) in the central retina is thought to 

provide the physiological basis of high visual acuity. Indeed, 

squint is thought to be associated with functional loss of these 

cells due to inappropriate stimulation of the fovea by blurred 

images during the critical period of development in squinting 

eyes, which have lost the ability to fix, or of penalized eyes [17]. 

The pattern electroretinogram (P-ERG), which is thought to 

originate from retinal ganglion cells, has been reported to be 

abnormal in squint with marked loss of visual acuity [16]. Some 

workers have reported in humans that squint has a reduced 

electroretinogram response to pattern stimuli [19]. However, 

some other investigators have observed no P-ERG deficit when 

the optical focus, fixation alignment, and the stability are 

individually optimized [20]. Similarly, reduced amplitudes of 

electro-oculogram have also been reported in squint eyes, 

suggesting the involvement of the retinal pigment epitelium in 

squint [21]. 

P-VEP is known to predominantly reflect the central retinal 

function. Therefore it is now used widely in clinical medicine, 

mostly by ophthalmologists. 

Indeed it has been shown to be a sensitive detector of 

squint, particularly when small checks are used [22, 23]. Sokol 

et al. [24] reported that the sensitivity of the interocular method 

is 100% when the difference of acuity between eyes is 3 lines or 

greater. On the other hand, sensitivity falls to 50% for snellen 

acuity when the difference is 2 lines or fewer. Moreover, the 

latency of P-VEP is also abnormal in squint. However, because 

the effect is small, latency is not a sensitive marker of squint like 

amplitude [23]. Ohn et al. [25] reported that there was an 

agreement between the P-VEP acuity and the snellen acuity in 

patients with macular disease and squint. Consequently, P-VEP 

acuity can be used to detect snellen acuity in such patients. 

 
Figure 7 P 100 Amplitude response on vision improvement 

In the present study, we found that the latency of the P-VEP 

shortened during the course of occlusion therapy, though the 

differences were not significant. However, there was a step by 

step and significant increase in the amplitude of P100 wave at 

each visit. Furthermore, we found a positive correlation between 

P100 amplitude and snellen visual acuity. Therefore, this study 

demonstrated for the first time that P100 amplitude improved in 

squint eyes during the course of occlusion therapy. In addition 

P-VEP amplitude increases in accordance with the improvement 

in visual acuity in amblyopic eyes. Therefore, we suggest that 

P100 amplitude of PVEP seems to be a useful method in 

monitoring the visual acuity in both preverbal and nonverbal 

children with squint under occlusion therapy. 

References 

[1].Simons K. Preschool vision screening: rationale, 

methodology and outcome. Surv Ophthalmol 1996; 41: 3–30. 

[2]. Attebo K, Mitchell P, Cumming R, et al. Prevelance and 

causes of amblyopia in an adult population. Ophthalmology 

1998; 105: 154–9. 

[3].Sparrow JC, Flynn JT. Amblyopia: a long-term followup. J 

Pediatr Ophthalmol 1977; 14: 333–6. 

[4].Sen DK. Results of treatment of anisohypermetropic 

amblyopia without strabismus. Br J Ophthalmol 1982; 66: 680–

4. 

[5].Arden GB, Barnard WM, Mushin AS. Visually evoked 

responses in amblyopia. Br J Ophthalmol 1974; 58: 183– 92. 

[6].Sokol S. Abnormal evoked potential latencies in 

amblyopia.Br J Ophthalmol 1983; 67: 310–4. 

[7].Yin ZQ, Fang QX. The simultaneously recorded of PERG 

and PVEP in amblyopic children. Chin J Ophthalmol 1989; 5: 

312–5. 

[8].Yu M, Brown B, Edwards MH. Investigation of multifocal 

visual evoked potential in anisometropic and esotropic 

amblyopes. Invest Ophthalmol Vis Sci 1998; 39: 2033– 40. 

[9].Hepsen IF, Evereklioglu C, Bayramlar H. The effect of 

reading and near-work on the development of myopia in 

emmetropic boys: a prospective, controlled, three year follow-up 

study. Vision Res 2001; 41: 2511–20. 

[10].Odom JV, Bach M, Barber C, et al. Vaegan visual evoked 

potentials standard (2004). Doc Ophthalmol 2004; 108: 115–23. 

[11].Carr RE, Siegel IM. Visual evoked cortical potentials. In: 

Carr RE, Siegel IM (eds). Electrodiagnostic testing of the visual 

system: a clinical guide. F.A. Davis Company, Philadelphia 

1990: 56–67. 

[12].The Pediatric Eye Disease Investigator Group. A 

comparison of atropine and patching treatments for moderate 

amblyopia by patient age, cause of amblyopia, depth of 

amblyopia, and other factors. Ophthalmology 2003; 110: 1632–

7. 

[13].The Pediatric Eye Disease Investigator Group. The course 

of moderate amblyopia treated with patching in children: 

experience of the amblyopia treatment study. Am J Ophthalmol 

2003; 136: 620–9. 

[14].Choi MY, Lee KM, Hwang JM, et al. Comparison between 

anisometropic and strabismic amblyopia using functional 

magnetic resonance imaging. Br J Ophthalmol 2001; 85: 1052–

6. 

[15].Goodyear BG, Nicolle DA, Menon RS. High resolution of 

MRI of ocular columns within the visual cortex of human 

amblyopes. Strabismus 2002; 10: 129–36. 

[16].Miki A, Liu GT, Goldsmith ZG, Liu CS, Haselgrove JC. 

Decreased activation of the lateral geniculate nucleus in a patient 

with anisometropic amblyopia demonstrated by functional 

magnetic resonance imaging. Ophthalmologica 2003; 217: 365–

9. 

[17].Bozkurt B, Irkec M, Orhan M, Karaoglu E. Thickness of 

the retinal nerve fiber layer in patients with anisometropic and 

strabismic amblyopia. Strabismus 2003; 2: 1–6. Von Noorden 

GK, Crawford ML. The lateral geniculate nucleus in human 



R.Kalaivaazhi et al./ Elixir Adv. Engg. Info. 38 (2011) 4157-4160 
 

4160 

strabismic amblyopia. Invest Ophthalmol Vis Sci 1992; 33: 

2729–32. 

[19].Arden GB, Wooding SL. Pattern ERG in amblyopia. Invest 

Ophthalmol Vis Sci 1985; 26: 88–96. 

[20].Hess RF, Baker CL, Verhoeve JN, et al. The pattern evoked 

electroretinogram: its variability in normals and its relationship 

to amblyopia. Invest Ophthalmol Vis Sci 1985; 26: 1610–23. 

[21].Williams C, Papakostopoulos D. Electro-oculographic 

abnormalities in amblyopia. Br J Ophthalmol 1995; 79: 218–24. 

[22].Sokol S, Bloom B. Visually evoked cortical potentials of 

amblyopes to a spatially alternating stimulus. Invest Ophthalmol 

1973; 12: 936–9. 

[23].Sokol S. Abnormal evoked potential latencies in amblyopia. 

Br J Ophthalmol 1983; 67: 310–4. 

[24].Sokol S, Hansen V, Moskowitz A, et al. Evoked potential 

and preferential looking estimates of visual acuity in pediatric 

patients. Ophthalmology 1983; 90: 552–62. 

[25].Ohn Y, Katsumi O, Matsui Y, Tetsuka H, Hirose T. Snellen 

visual acuity versus pattern reversal visualevoked response 

acuity in clinical applications. Ophthalmic Res 1994; 26: 240–

52. 

Author Biographies 

First Author R.Kalaivaazhi receives her B.E (ECE) degree 

from REC Trichy, Tamilnadu, India in 1996. She obtained her 

M.Tech (Computer Science and Engineering) degree from 

SASTRA University, Thanjavur, Tamilnadu, India in 2002. She 

has 15 years of teaching experience at college level. She worked 

as faculty in the Department of ECE at oxford Engineering 

College, Trichy. Currently she is Assistant Professor in the 

department of IT at AAMEC, Kovilvenni. and she ia pursuing 

doctrol programme in Computer Vision under guidance of 

Dr.D.Kumar 

Second Author Dr. D. Kumar receives his Master’s degree 

M.Tech(Bio-Medical Engineering and Instrumentation) from 

IIT, Chennai, Tamilnadu, India. He obtained his PhD in  

Biomedical Engineering from IIT, Chennai, Tamilnadu, India.  

He visited many foreign countries like London, Russia, 

Singapore, Germany and USA. He has published many 

International and National Journals in his area. Presently he in 

Dean of Research at Periyar Maniyammai University, Vallam, 

Thanjavur, Tamilnadu, India. 


