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Purpose: The present study aimed to investigate the changes in heterophoria and fusional vergence by media type of
near work. Methods: Adults in their twenties (26 males and 4 females, mean age 24.8+1.8 years) with a corrected visual
acuity of 1.0 or better were asked to read a paper book and smartphone under the same condition for 30 minutes. The

horizontal heterophria, vertical heterophoria, PFV(positive fusional vergence) and NFV(negative fusional vergence) were
measured before and after near work with paper book and VDT work with smartphone. Results: The exophoric shift
was shown by significant decrease of heterophoria in exophoric eyes after reading a paper book. Horizontal heterophoria
was significantly decreased in all three type of exophoria, orthophoria and esophoria after reading with smartphone.
Vertical heterophoria was not significantly changed regardless of the media type of near work. There was no significant
change in the PFV and NFV after reading a paper book however, there was a significant decrease in the PFV after VDT
work with smartphone. Conclusions: It was found that smartphone use induced the change of visual function since

changes in heterophoria and vergence function was observed after VDT work using smartphone. Therefore, it is
suggested that the appropriate guideline for smartphone use is necessary for maintaining the visual function.

Key words: Paper book, Smartphone, Reading, VDT, Horizontal heterophoria, Vertical heterophoria, Positive fusional

vergence, Negative fusional vergence
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Fig. 1. The change of heterophoria after near work with paper
book and smartphone.
A. Horizontal heterophoria, B. Vertical heterophoria
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Table 1. The change of near horizontal heterophoria after near work with paper book and smartphone

Near horizontal heterophoria Before(A) After paper book(A) After smartphone(A) P-value
Orthophoria 0 2.40+2.07 2.40+1.52¢ 0.047"
Esophoria 5.38+3.71 5.23+4.53 7.38+3.95 0.007"
Exophoria —7.83+5.36 —5.42+4.98" —4.83+5.73% 0.016"
Mean -0.80+7.37 0.50+6.61 1.67+7.17 0.000"

Values are expressed as Mean+SD.

", Significantly different from the each value compared by repeated measure ANOVA, P<0.05.

¥, Significantly different from before and after paper book value compared by paired t-test, P<0.05.

¥ Significantly different from before and after smartphone value compared by paired t-test, P<0.05.
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Fig. 2. The range of near heterophoric variation after near work
with paper book and smartphone.
A. Horizontal heterophoria, B. Vertical heterophoria
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Table 2. The change of near vertical heterophoria in right eyes after near work with paper book and smartphone

Near vertical heterophoria Before(A) After paper book(A) After smartphone(A) P-value
Orthophoria 0 0.38+0.65 0.08+0.64 0.176
Hyperphoria 1.00 0.33+0.52" 0.50+0.55 0.020"
Hypophoria —1.91+0.94 —1.55+1.21 —1.36+1.29 0.326

Mean —0.50+1.28 0.50+6.61 1.67£7.17 0.599

Values are expressed as Mean+SD.

*, Significantly different from the each value compared by repeated measure ANOVA, P<0.05.
¥, Significantly different from before and after paper book value compared by paired t-test, P<0.05.
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Table 3. The change of near fusional vergence after near work with paper book and smartphone

Near fusional vergence Before(A) After paper book(A) After smartphone(A) P-value
Break point 25.03£9.74 23.70+8.27" 22.83£9.74 0.070

v Recovery point 15.60+10.75 13.87+9.44" 13.23£9.91 0.104
Break point 21.97+6.55 23.034£5.85 21.90+5.38 0.225

NEV Recovery point 11.03+5.79 11.33+5.38 11.13+5.35 0.932

Values are expressed as Mean+SD.
PFV: positive fusional vergence, NFV: negative fusional vergence

*, Significantly different from before and after smartphone value compared by paired t-test, P<0.05.
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