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Comparison of Corneal Higher-order Aberration before and
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Department of Ophthalmology, Yonsei University Wonju College of Medicine, Wonju, Korea

Purpose: To investigate the types of corneal higher-order aberration (HOA) induced by pterygium, residual corneal HOA after
pterygium surgery, and correlations between corneal HOA and the length of the pterygium.

Methods: Fifty-three patients who underwent pterygium excision with conjunctival autograft were enrolled. Corneal HOA was
measured by Pentacam® (Oculus Inc., Wetzlar, Germany) preoperatively and 3 months postoperatively in the 6-mm optical
zone. Preoperative and postoperative HOAs of eyes with pterygium were compared with HOAs of the fellow eye to evaluate
HOAs induced by pterygium and residual HOAs after pterygium surgery. Partial correlation analysis was performed to inves-
tigate the relationship between HOAs and the length of pterygium. A postoperative HOA less than 0.35 um in size was defined
as a favorable surgical outcome and the surgical indications were estimated using receiver operator characteristic (ROC) curve.
Results: Horizontal coma, root mean square (RMS) of coma, oblique trefoil, horizontal trefoil, RMS of trefoil, and total HOA were
significantly greater in the eye with preoperative pterygium. Three months after pterygium excision, only RMS of coma and total
HOA remained significantly greater in eyes with pterygium. Vertical coma, horizontal coma, RMS of coma, and oblique tetrafoil
were correlated with pterygium length. Pterygium excision when pterygium length was less than 1.6 mm led to favorable surgical

outcomes.

Conclusion: Pterygium induced greater than third-order corneal HOAs and these HOAs were corrected via pterygium surgery.
Longer pterygium length was associated with larger RMS of coma and larger coma RMS persisted after pterygium surgery.
A pterygium length of 1.6 mm should be considered the cutoff for pterygium excision for reducing postoperative corneal HOA.
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Length of pterygium (mm)

Figure 1. Preoperative slit-lamp photograph of the pterygium.
Gray dashed lines were added to the image analysis for the
measurement of length of pterygium. Length of pterygium
(double-headed arrow): distance between the two vertical lines
to the horizontal line passing through the corneal center (a),
one line (b) tangent to the pterygium head and second line (c)
tangent to the corneal limbus.
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Table 1. Demographic characteristics of subjects who received _
excision of pterygium i pgudpel Mot = T 0 HI

Measurement Range dete] e Al ¢ 9 -L‘r]‘rxhﬂ: LI Emkel S e=4
Sex (male:female) 26:27 0|, 423 F0HZ5'") (p<0.001), A FuKp<0.001), 4=HEH)
Age (years) 59.21 + 11.57 34-85 zo)7 7 -

5 ALE A E
Pterygium length (mm) 247 £+ 1.36 0.79-5.18 =(Zs ) (p=0.008), FEHLAZs ) (p=0.028), ‘jxﬂ_‘_
Pterygium width (mm) 4.11 + 1.39 1.54-6.94 #ZA(p<0.001), $FEHEEA(Z") (p<0.001), 5= o]}
Pterygium area (mm”) 12.12 +£ 7.73 1.21-29.57 A ](24 ) (p=0.006), AA|LY52Hp<0.001)7} =& T 7t
Values are presented as mean + SD unless otherwise indicated. 23FAth THESAHZ) = 428 A 0.196 + 0.089 pm, %
Table 2. Bilateral comparison of higher-order aberration in pterygium eyes and control eyes before pterygium surgery
Zernike coefficient (pm) Preop.e rative Fellow control eye p-value
pterygium eye

Z3' (Horizontal coma) 0.078 + 0.168 0.004 + 0.119 <0.001
Zs" (Vertical coma) 0.072 + 0.355 -0.005 + 0.093 0.140
Total coma 0.361 + 0.181 0.124 + 0.085 <0.001
Z3® (Horizontal trefoil) 0.078 + 0.148 -0.004 + 0.065 0.001
75 (Oblique trefoil) -0.088 + 0.297 0.009 + 0.066 0.024
Total trefoil 0.266 + 0.228 0.073 + 0.057 <0.001
Y (Horizontal tetrafoil) -0.275 + 0.370 -0.021 + 0.072 <0.001
Z, (Horizontal secondary astigmatism) 0.043 + 0.141 -0.024 + 0.073 0.006
z (Spherical aberration) 0.196 + 0.089 0.229 + 0.054 0.012
Z (Oblique secondary astigmatism) 0.027 + 0.127 0.005 + 0.075 0.327
7t (Oblique tetrafoil) 0.103 £+ 0.476 0.010 + 0.076 0.157
4th order 0.581 + 0.441 0.272 + 0.065 <0.001
5th order 0.228 + 0.140 0.086 + 0.062 <0.001
6th order 0.144 + 0.092 0.054 + 0.039 <0.001
Total HOA 0.822 + 0.492 0.339 + 0.100 <0.001

Values are presented as mean + SD unless otherwise indicated.
HOA = higher-order aberration.
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Table 3. Bilateral comparison of higher-order aberration in pterygium eyes following pterygium surgery and control eyes

Postoperative

Zernike coefficient (pm) . Fellow control eye p-value
pterygium eye
Z3' (Horizontal coma) 0.004 + 0.140 0.004 + 0.119 0.989
Z5" (Vertical coma) 0.027 £ 0.159 -0.005 + 0.093 0.167
Total coma 0.176 £+ 0.119 0.124 + 0.085 0.004
Z5* (Horizontal trefoil) 0.004 + 0.091 -0.004 + 0.065 0.525
Z5” (Oblique trefoil) 0.007 £ 0.065 0.009 + 0.066 0.861
Total trefoil 0.090 + 0.067 0.073 + 0.057 0.120
Z* (Horizontal tetrafoil) 0.046 + 0.169 -0.021 + 0.072 0.009
Z4 (Horizontal secondary astigmatism) -0.031 + 0.095 -0.024 + 0.073 0.679
Z,° (Spherical aberration) 0.238 + 0.052 0.229 + 0.054 0.333
v (Oblique secondary astigmatism) 0.009 + 0.091 0.005 + 0.075 0.870
Z.* (Oblique tetrafoil) -0.031 + 0.107 0.010 + 0.076 0.034
4th order 0.320 + 0.134 0.272 + 0.065 0.016
Sth order 0.106 + 0.073 0.086 + 0.062 0.066
6th order 0.068 + 0.056 0.054 + 0.039 0.071
Total HOA 0.410 £+ 0.185 0.339 + 0.100 0.004
Values are presented as mean + SD unless otherwise indicated.
HOA = higher-order aberration.
Table 4. Higher-order aberration of pterygium eyes before and after pterygium surgery
Zernike coefficient (um) Preop‘eratlve PostoPeratlve p-value
pterygium eye pterygium eye
Zs' (Horizontal coma) 0.078 + 0.168 0.004 4+ 0.140 <0.001
Z5" (Vertical coma) 0.072 + 0.355 0.027 + 0.159 0.451
Total coma 0.361 + 0.181 0.176 + 0.119 <0.001
Z5® (Horizontal trefoil) 0.078 + 0.148 0.004 + 0.091 0.008
Z5” (Oblique trefoil) -0.088 + 0.297 0.007 + 0.065 0.028
Total trefoil 0.266 + 0.228 0.090 + 0.067 <0.001
Z4* (Horizontal tetrafoil) -0.275 + 0.370 0.046 + 0.169 <0.001
Z.* (Horizontal secondary astigmatism) 0.043 + 0.141 -0.031 + 0.095 0.006
v (Spherical aberration) 0.196 + 0.089 0.238 + 0.052 <0.001
Z4” (Oblique secondary astigmatism) 0.027 £ 0.127 0.009 + 0.091 0.301
Z4* (Oblique tetrafoil) 0.103 + 0.476 -0.031 + 0.107 0.060
4th order 0.581 + 0.441 0.320 £+ 0.134 <0.001
Sth order 0.228 + 0.140 0.106 + 0.073 <0.001
6th order 0.144 + 0.092 0.068 + 0.056 <0.001
Total HOA 0.822 + 0.492 0.410 £+ 0.185 <0.001
Values are presented as mean + SD unless otherwise indicated.
HOA = higher-order aberration.
F 0238+ 0052 ym 5% F F78H 2 0@ Uehgeh Ao Yolek ool AT

(p<0.001) (Table 4).
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Table 5. Partial correlation analysis between higher-order aberration and length of pterygium

Induced HOA Remained HOA
R p R p
Z3' (Horizontal coma) 0.378 0.007 -0.128 0.376
Z5" (Vertical coma) 0.441 0.001 -0.053 0.714
Total coma 0.592 <0.001 0.393 0.005
Z3® (Horizontal trefoil) 0.273 0.055 0.246 0.085
Z5® (Oblique trefoil) 0.009 0.953 0.142 0.326
Total trefoil 0.231 0.107 0.077 0.597
Z.* (Horizontal tetrafoil) -0.538 <0.001 0.053 0.716
Z.* (Horizontal secondary astigmatism) -0.102 0.483 0.057 0.694
v (Spherical aberration) 0.082 0.572 0.061 0.673
Z4” (Oblique secondary astigmatism) 0.109 0.452 0.174 0.228
y (Oblique tetrafoil) 0.271 0.057 -0.166 0.250
4th order 0.632 <0.001 0.295 0.037
5th order 0.426 0.002 0.082 0.569
6th order 0.422 0.002 0.079 0.584
Total HOA 0.682 <0.001 0.334 0.018

Controlled by age and sex.

HOA = higher-order aberration; Induced HOA = preoperative HOA of pterygium eyes — HOA of control eyes; Remained HOA = post-

operative HOA of pterygium eyes — HOA of control eyes.

Table 6. Partial correlation analysis between higher-order aberration and width of pterygium

Induced HOA Remained HOA
R p R p
Z3' (Horizontal coma) 0.417 0.003 -0.110 0.447
Zs! (Vertical coma) 0.434 0.002 -0.122 0.399
Total coma 0.610 <0.001 0.183 0.205
Z3® (Horizontal trefoil) 0.215 0.134 0.075 0.606
Z5™ (Oblique trefoil) -0.134 0.354 -0.080 0.578
Total trefoil 0.287 0.043 -0.035 0.812
Z4* (Horizontal tetrafoil) -0.340 0.016 0.007 0.962
Z4* (Horizontal secondary astigmatism) 0.049 0.737 0.003 0.984
Z (Spherical aberration) -0.063 0.664 -0.228 0.111
YA (Oblique secondary astigmatism) -0.205 0.153 0.006 0.966
Y (Oblique tetrafoil) 0.311 0.028 -0.086 0.552
4th order 0.460 0.001 -0.067 0.643
5th order 0.447 0.001 -0.050 0.732
6th order 0.331 0.019 -0.050 0.733
Total HOA 0.549 <0.001 -0.017 0.905

Controlled by age and sex.

HOA = higher-order aberration; Induced HOA = preoperative HOA of pterygium eyes — HOA of control eyes; Remained HOA = post-

operative HOA of pterygium eyes — HOA of control eyes.
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Figure 2. Receiver operator characteristic (ROC) curve for
postoperative higher-order aberration under 0.35 pm versus
length of pterygium. Std. = standard; Sig. = significance.

Table 7. Specificity, sensitivity identified by cutoff points of
lengh of pterygium

Cutoff point (mm) Sensitivity (%) Specificity (%)
1.0 96.3 11.5
1.2 96.3 23.1
1.4 85.2 42.3
1.6 77.8 57.7
1.8 70.4 61.5
2.0 63.0 65.4
2.2 55.6 69.2
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TENE RUE TSAE, ARt & & T9eXiet Zaer XS |6t a8 T MR DYLXIE Foi 2EHE
FLUE DAtet £ = RO 2N D0l Kt SREATE U=X] Yot 7| ol Ha2EAS Aot et 12|
= 5 JIYXIE 035 um O|GI2 AN 4 Q= ZRE 2™ £&Z 12 Mo, receiver operator characteristic (ROC)
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Hel 4ol fofet AutEtAIL e D¥extle +EI0E o ©XZ0H ZAEIEtE Y0l AMLH ROC FHEE 0/&510]
= ™ 29 Zolet & & TYLXE EMS Aot ZEIHIH 1.6 mm 0|5t f s+22 ARStsE 20| £E2 £+2Z1HE 20t
AE: 20l 2l5t0d 3kt 04 e I R4x} tHEE0| LstH HEXE & DYLXE A Y 4 UAUCH LM Ho[7t
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