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Abstract

e AIM. To explore the diagnostic value of visualized
corneal biomechanical analysis combined with Pentacam
related-index in the diagnosis of subclinical keratoconus
and forme fruste keratoconus, and to provide evidence for
early screening and diagnosis of keratoconus.

e METHODS:. A total of 65 patients (128 eyes) with
keratoconus in Ningxia Eye Hospital from November 2018
to November 2019 were enrolled in a diagnostic trial
design. According to the course of disease, these eyes
were divided into clinical, subclinical and forme fruste
groups. A total of 89 subjects (89 eyes) who received
preoperative refractive examination at the same period
were selected as the normal control group. Pentacam
combined with Corvis ST was used for detection. Corneal
dilatation indexes, including belin/ambrosio enhanced
ectasia display ( BAD-D), the thinnest point thickness
(TP), max keratometry (Kmax), deviation of normality
of the front elevation (Df), deviation of normality of the
back elevation ( Db ), deviation of normality of
pachymetric progression (Dp), deviation of normality of
corneal thinnest point (Dt), deviation of normality of
relational thickness ( Da ), and Ambrésio relational
thickness horizontal ( ARTh ), corneal biomechanical
indexes, including Corvis biomechanical index ( CBI),
deformation amplitude ratio ( DA Ratio ), stiffness
parameters at applanation 1 (SP - A1) and Integrated
radius, biomechanical intraocular pressure ( blIOP) and
tomographic and biomechanical index ( TBl) were
recorded. The keratoconus at different stages was
statistically analyzed, the diagnostic valve of TBI, CBI and
BAD-D was explored by receiver operating curve, and the
diagnostic value of each parameters was evaluated.

¢ RESULTS:. The TBI, BAD-D, TP, Kmax, Df, Db, Dp,
Dt, Da, ARTh, CBI and SP-A1 of the clinical keratoconus
group had strong diagnostic ability, the BAD-D, Da, Dp,
TP, TBI, CBI, ARTh and Integrated radius of the
subclinical keratoconus group had strong diagnostic
ability, and the BAD-D, Dp and TBI of the forme fruste
keratoconus group had certain diagnostic and predictive
ability.

¢ CONCLUSION . TBI, BAD-D, Dp and other index have a
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certain sensitivity and specificity for early keratoconus
diagnosis, and can be used for screening and early
diagnosis of keratoconus.

o KEYWORDS: keratoconus; biological measurement;
corneal biomechanics; Pentacam; visual corneal
biomechanics; sensitivity; specificity; diagnostic test
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TP <0.01 <0.01 <0.01 <0.01 <0.01 0.032

BAD-D 0.014 <0.01 <0.01 <0.01 <0.01 0.094

Df 0.193 <0.01 <0.01 <0.01 <0.01 0.030

Db 1.0 <0.01 <0.01 <0.01 <0.01 0.036

Dp 0.007 <0.01 <0.01 0.008 <0.01 0.068

Dt 0.017 <0.01 <0.01 0.013 <0.01 0.133

Da 0.006 <0.01 <0.01 0.01 <0.01 0.043

Kmax 0.002 <0.01 <0.01 0.021 <0.01 0.002

ARTh 0.113 <0.01 <0.01 <0.01 <0.01 0.02

CBI 1.0 <0.01 <0.01 <0.01 <0.01 0.111

TBI 0.023 <0.01 <0.01 <0.01 <0.01 1.0

Integrated radius 0.832 <0.01 <0.01 0.003 <0.01 1.0

DA Ratio 0.125 <0.01 <0.01 <0.01 <0.01 0.685

bIOP 0.184 0.359 0.029 0.002 <0.01 0.053

SP-Al 0.650 <0.01 <0.01 <0.01 <0.01 0.015

*3 IERHE#RRAHEXSEN ROC L&D

S LW RHE U TSR AUC 95%CI Youden index P

TBI 0.75 97.73 95.51 0.990 0.967-1.000 0.9323 <0.0001

CBI 0.70 97.73 98.88 0.981 0.941-0.997 0.9660 <0.0001

ARTh 355 86.36 98.88 0.966 0.933-0.980 0.8524 <0.0001

DA Ratio 4.60 79.55 94.38 0.895 0.937-0.989 0.7393 <0.0001

SP-A1 90.1 81.91 89.89 0.908 0.872-0.927 0.7180 <0.0001

Integrated radius 9.10 79.55 98.88 0.887 0.854-0.901 0.7842 <0.0001

bIOP 16.4 75.00 51.69 0.646 0.590-0.713 0.2669 0.0062

BAD-D 2.60 100 96.63 0.997 0.955-1.000 0.9663 <0.0001

Da 1.42 100 94.38 0.996 0.970-0.998 0.9438 <0.0001

Db 1.64 86.36 95.51 0.949 0.928-0.962 0.8187 <0.0001

Dp 2.42 93.18 97.75 0.967 0.946-0.983 0.9093 <0.0001

Df 2.40 86.36 100 0.961 0.939-0.980 0.8636 <0.0001

Dt 1.52 84.09 98.88 0.975 0.952-0.985 0.8297 <0.0001

Kmax 46.9 90.91 96.63 0.978 0.969-0.986 0.8754 <0.0001

TP 505 97.73 93.26 0.991 0.938-0.994 0.9099 <0.0001
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R4 PR REAEXSHH ROC HE&N T

S LW RHE TR TSR AUC 95%CI Youden index P
TBI 0.32 67.65 75.28 0.774 0.652-0.815 0.4293 <0.0001
CBI 0.001 82.35 38.20 0.621 0.597-0.709 0.2056 0.0300
ARTh 387.9 29.41 93.26 0.623 0.563-0.682 0.2267 0.0410
DA Ratio 4.60 26.47 94.38 0.608 0.538-0.656 0.2085 0.0787
Integrated radius 8.30 47.06 87.64 0.700 0.617-0.790 0.3470 <0.0001
SP-A1 91.7 41.18 86.52 0.626 0.514-0.677 0.2769 0.0323
bIOP 16.5 70.59 53.95 0.591 0.508-0.644 0.2452 0.1296
BAD-D 1.59 64.71 84.27 0.781 0.698-0.851 0.4898 <0.0001
Da 1.22 55.88 82.02 0.684 0.643-0.719 0.6368 <0.0001
Db 0.21 58.82 62.92 0.615 0.582-0.648 0.2174 0.0422
Dp 1.67 67.65 80.90 0.774 0.640-0.796 0.3790 0.0024
Df 0.66 58.82 71.91 0.682 0.624-0.725 0.3073 0.0011
Dt 0.17 73.53 64.04 0.707 0.652-0.763 0.3757 <0.0001
Kmax 443 85.29 51.69 0.727 0.660-0.785 0.3698 <0.0001
TP 531 58.82 71.91 0.686 0.598-0.722 0.3073 <0.0001
x5 TLiGFKBREERBEARXSEHAN ROC &N
S8 WA R R AUC 95%CI Youden index P
TBI 0.68 96.00 98.88 0.980 0.955-0.980 0.9488 <0.0001
CBI 0.40 80.00 98.88 0.917 0.831-0.994 0.7888 <0.0001
ARTh 400.5 90.00 89.89 0.929 0.865-0.968 0.7989 <0.0001
DA Ratio 4.50 78.00 87.64 0.880 0.859-0.895 0.6564 <0.0001
SP-Al 91.7 82.00 86.52 0.892 0.833-0.899 0.6852 <0.0001
Integrated radius 8.0 90.00 78.65 0.917 0.857-0.930 0.6865 <0.0001
bIOP 15.6 46.00 69.66 0.570 0.472-0.663 0.1566 0.1877
BAD-D 2.17 92.00 97.75 0.971 0.956-0.979 0.8975 <0.0001
Da 1.42 90.00 94.38 0.950 0.901-0.964 0.8438 <0.0001
Db 1.52 68.00 94.38 0.863 0.806—-0.899 0.6238 <0.0001
Dp 2.34 74.00 96.63 0.906 0.877-0.925 0.7063 <0.0001
Df 1.43 72.00 97.75 0.885 0.838-0.894 0.6975 <0.0001
Dt 1.52 84.09 98.88 0.878 0.846-0.893 0.8297 <0.0001
Kmax 45.5 82.00 78.65 0.899 0.851-0.902 0.6065 <0.0001
TP 498 74.00 98.88 0.917 0.866-0.931 0.7288 <0.0001
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