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Corneal densitometry in different stages of keratoconus
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Abstract

Purpose: The aim of this study was to evaluate corneal clarity in keratoconic patients using corneal densitometry.
Methods: comparing between corneal densitometry results among keratoconic patients and normal individual was
measured over a 12 mm diameter area, divided the cornea to annular concentric zones and depths. Keratoconus was
classified according to the topographic keratoconus classification, from March 2019 to March 2020 in Ophthalmic
center Mansoura University, Egypt.

Results: Group 1: 20 eyes diagnosed as manifest grade 1 keratoconus; Group 2: 20 eyes diagnosed as manifest grade
2 keratoconus; Group 3: 20 eyes diagnosed as manifest grade 3 keratoconus; Group 4: 20 eyes diagnosed as manifest
grade 4 keratoconus; with 40 eyes normal topographic parameter a control group. There was a significant difference
between keratoconous patients and control group regarding UCVA, BCVA, spherical refraction, cylindrical refraction
and Pentacam parameters all ( P <0.05) . The study comparison between the studied groups regarding anterior (120
mm), central (from 120 mm to the last 60 mm) and posterior (last 60 mm) layers measurements showed increase in
corneal densitometry reading in 0-2 mm, 2-6 mm, 6-10 mm, 10-12 mm anular zones in keratoconous patient and
compared to control group, there was significantly increased in densitometry readings in keratoconous eyes and was
related to keratoconous severity all (P <0.05).

Conclusions: The densitometry readings increase in keratoconic eyes with higher values with increasing severity of
keratoconus. So it is valuable diagnostic tool for diagnosting & following up the progression of the disease it represent
data as corneal densitometry backscatter.

Kay - Words: Keratoconous, light backscatter, Corneal densitometry.

INTRODUCTION:

Keratoconus (KC) is non-inflammatory disease with
anatomic deformity of the cornea characterized by
progressive conical protrusion and thinning of the corneal
center part.!  Keratoconus is the most common corneal

ecstatic disorder. Patients with KC suffer from a significant

visual impairment, which in advanced cases can only be
restored by corneal transplantation surgery. KC is a complex
disorder attributed to different contributors including
genetics and environmental factors.> Corneal densitometry,
as an indicator for corneal health, has many applications in

corneal diagnosis,>*This is by quantitative measurement of
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the corneal clarity. The Pentacam HR (Oculus, Wetzlar,
Germany) includes a densitometry analysis software system,
which measures backscattered light intensity from the
different regions of the cornea.® Values of anterior
densitometry are derived from the anterior 120pm (0.120
mm) of the corneas, central densitometry derived from
central cornea, and posterior densitometry derived from the
posterior 60pum (0.60 mm) of the cornea.® Healthy cornea
does not absorb visible light, and the dispersal of light is
minimal. Therefore, densitometry can provide a
measurement of the level of the corneal transparency.’
Disruption of the comeal collagen matrix during oedema and
the resultant corneal scarring can provoke an increase in
corneal light scatterin,*® so several disease as corneal
infiltrates, corneal deposits and comeal ecstatic lead to

increase light backscattering.'®!!

keratoconus produces
several changes in the cornea. These changes disturbance the
distribution of corneal extracellular matrix and cells and lead
to the increase of scatter.'”> Corneal densitometry assesses the
amount of backscattered light in the form of density units
called gray scale units, if no detectable backscatter, the
reported density will be zero with the top end to the scale
being 100, also can assess the corneal thickness at the same
locations of backscattered light,'* an increased densitometry

being a predictable consequence of the development of

discrete opacities in the corneal stroma.'

This study aimed to evaluate corneal densitometry
changes in keratoconus stages and to compare these results
with those of healthy individuals.

PATIENTS AND METHODS:

Inclusion and exclusion criteria:

This study included eighty keratoconic eyes of patients
divided into four sub groups in comparison to forty normal
eyes using Pentacam oculus Scheimpflug photography
system from March 2019 to march 2020 in Ophthalmic center
Mansoura University Egypt. The studied subjects were
subdivided according to ABCD grading system'® shown as in
(Fig. 1). Patients with keratoconus aged between 15 to 40
years old, both sexes, Diagnosed clinically by slit lamp in
outpatient clinic, and based on different indices driven from
the Pentacam topographic maps with reliable quality of scan
(ok). Normal subjects with Age between 15 to 40 years old
Both sex No keratoconic changes by clinical examination in
outpatient clinic and No Pentacam changes with reliable
quality of scan (QS, ok). Exclusion of history of cross
linking, Posterior segment disorders, Any pathological
condition affecting corneal clarity as corneal opacities,
dystrophies & corneal hydrops, Retinal and Optic nerve
diseases, Collagen diseases, diabetes mellitus or hormonal
changes (such as pregnancy), History of any previous
refractive, or ocular surgery and History of any ocular

injuries.
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ABCD Criteria A B c D
ARC PRC Thinnest
(3 mm zone) | (3 mm zone) | Pach um BOVA Soerring
> 7.25 mm > 5,90 mm 2 20/20
STAGEO | ‘c465D) | 57250 | 249" | o) x
> 7.06 mm > 5.70 mm < 20/20
STAGE | (<48.0 D) (< 59.25 D) > 450 um (<1.0) -t
>6.35mm > 515 mm < 20/40
STAGEN | '<s30p) | (<6550 [ 290" | (cos) i
>6.15mm >4.95 mm < 20/100
STAGE Wi (<55.0 D) (<68.5D) > 300 um (<0.2) - 4,
<6.15mm <4.95 mm < 20/400
STAGEV | . s50p) | essp) | 530U | (<005 e
Fig. (1): ABCD grading system of keratoconus by Ambrosio
Methodology alignment and blinking a few times, the automatic release

The following were done for all studied cases including
general ophthalmic history following with ophthalmic
examination including, visual acuity measurement using
Landolt’s broken ring chart then transformed to Log mar,
Manifest refractions wusing the auto-refractometer,
Evaluation of BCVA, Slit lamp bio microscopy for corneal
examination and dilated fundus examination to exclude any
posterior segment disorder.

Corneal densitometry tomography.

All eyes examined using oculus pentacam scheimpflug
topography (Pentacam HR, Oculus GMbH, Wetzlar,
Germany) was used to confirm the diagnosis of corneal
topographic parameters for KC classification then detect
corneal densitometry. The participant was asked to place
his/her chin on the chin rest and press his/her forehead
against the forehead strap. The participant’s eye was aligned

to the visual axis with a central fixation target. After proper

mode, with 25 single Scheimpflug images, was started for
each eye. Only cases with acceptable image quality were
included in the final analysis. A single trained operator
performed all examinations. All parameters were
automatically calculated by the Pentacam software (Version
1.20r36). An internal standard corneal densitometry analysis
software measures the backscattered light over a 12- mm
diameter corneal area, zonal corneal densitometry values
were automatically measured in 4 concentric annular zones
(0— 2 mm, 2-6 mm, 6-10 mm, 10—12 mm, total diameter)
and by depth (anterior layer: inner 120um; center layer: from
120um to the last 60um; posterior layer: last 60um ) with
estimation of density clarity as a topical graphical map
(Cornea densitometry Average) and set of numbers in (gray
scale units) for different locations on cornea surface over 12

mm. (Fig. 2).
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Fig. (2): corneal densitometry image display by (Mansoura ophthalmology center).

STATISTICAL ANALYSIS:

Patients were first divided into 5 groups: Normal and
four grades of Keratoconus disease. Data were fed to the
computer and analyzed using IBM SPSS software package
version 20.0. The groups were compared with F-test
(ANOVA) to compare between more than two groups,
Student t test for parametric data and Mann Whitney test for
non-parametric data. Receiver operating characteristic
(ROC) curves were plotted. Area under the ROC curve was
calculated to describe the predictive accuracy of the different
indices and to determine the cut off point for the most
sensitive parameters. Pearson (parametric) and Spearman
(non-parametric) correlation were used to correlate
continuous data. Level of significance for all above
mentioned statistical tests done, the threshold of significance

is fixed at 5% level (p-value).

RESULTS:

This cross-sectional observational study included 80
eyes of 80 patients with keratoconus divided into 4 grades
according to the severity of keratoconus and the results were
compared to 40 eyes from age and sex matched subjects as
controls group. Keratoconous patients included 42 males
(52.5 %) and 38 females (47.5 %) with an age of 29.5 + 6.4
years. Patients were divided into 4 equal groups according to
keratoconus severity. There was a significant difference
between keratoconous patients and control group regarding
UCVA, BCVA, spherical refraction, cylindrical refraction
and Pentacam parameters all ( P <0.05 ) . There was
densitometry comparison between the studied groups
regarding anterior layer measurements in 0-2 mm, 2-6 mm,
6-10 mm, 10-12 mm zones in keratoconous patients
compared to control group, showed increase in corneal
densitometry parameters in keratoconus patients compared

to control group and this increase was in direct proportion
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with severity of keratoconus are shown in the table (1) all (P
<0.05) (Fig. 2). Also Comparison between the studied groups
regarding central layer measurements in 0-2 mm, 2-6 mm, 6-
10 mm, 10-12 mm zones in keratoconous patient compared
to control group showed increase in corneal densitometry
parameters in keratoconus patients compared to control
group and this increase was in direct proportion with severity
of keratoconus are shown in the following table (2) all (P
<0.05) (Fig. 2). Also comparison between the studied groups
regarding posterior layer measurements in 0-2 mm, 2-6 mm,
6-10 mm, 10-12 mm zones in keratoconous patient compared

to control group showed increase in corneal densitometry

parameters in keratoconus patients compared to control
group and this increase was in direct proportion with severity
of keratoconus are shown in the following table (3) all (P
<0.05) (Fig. 3). And Comparison between the studied groups
regarding total layer measurements in 0-2 mm, 2-6 mm, 6-
10 mm, 10-12 mm zones in keratoconous patient compared
to control group showed increase in corneal densitometry
parameters in keratoconus patients compared to control
group and this increase was in direct proportion with severity
of keratoconus are shown in the following table (4) all (P

<0.05) (Fig.3)

Table-1 Comparison between the studied groups regarding anterior layer measurements

P
Annular All patients Ke1l Kc2 Ke3 Kc 4 Controls
zones N=120 N=20 N=20 N=20 N=20 N=40
0.001
0-2mm 263+78  217+15 242435 25.04 1.6 3394122 214+1.6
0.001
2-6mm 205443 188413 199416 204415 21.948.0 18.04 1.4
6-10mm 19650 186431  198+43 199+ 4.6 19.6+7.5 184+26 0001
10-12mm 320+11.1 303443 3434102 3454129 26.7+13.2 287+67 0001
0.001
Total 230443  211+17  229+3.1 233437 24.0+7.0 2084 1.8

KC keratoconus

P: probability.

Categorical data expressed as Number (%)
Quantitative data are expressed as mean + SD

P statistically significant (P<0.05)
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Table-2 Comparison between the studied groups regarding central layer measurements

P
Annular All patients Kc1 Kc2 Kc3 Kc 4 Controls
zones N=120 N=20 N=20 N=20 N=20 N=40
0.001
0-2mm 16.1 £5.5 13.6+0.8 14.6 £ 1.6 14.6 £ 0.9 21.4+£9.1 13.4+£0.9
2-6mm 128437 119406 124412 127415 13.947.0 11.9+07 0001
6-10mm 132+£3.6  122+17 13.0+£2.4 133+3.0 13.9+6.1 12116 0001
0.001
10-12mm 19.6 £6.3 18.0+2.7 20.1+4.6 20.7+7.1 18.0 £ 8.8 17.8+£3.3
Total 14.6+3.3 133+ 1.0 142+1.7 144+23 159+5.8 13.2+0.9 0.001
KC keratoconus
P: probability.
Categorical data expressed as Number (%)
Quantitative data are expressed as mean = SD
P statistically significant (P<0.05)
Table-3 Comparison between the studied groups regarding posterior layer measurements
|
Annular All patients Kc1 Kc2 Kc3 Kc 4 Controls
zones N=120 N=20 N=20 N=20 N=20 N=40
0.001
0-2mm 10.7 +£3.0 10.1£0.7 102+1.4 93+1.2 13.1£5.1 10.3+0.8
0.001
2-6mm 102+1.8 9.2+0.5 10.0+0.7 10.5+0.8 11.0+£3.2 93+0.6
6-10mm 10.7+2.2 9.9+ 1.1 10.5+1.8 10.6 £2.2 11.1+3.3 9.9+ 1.2 0.001
10-12mm 147445 13424 146430  16.0+4.5 13.6+6.5 126419 0001
Total 11+18  103+08 11.0+1.2 111415 11.842.9 102407 0001
KC keratoconus
P: probability.
Categorical data expressed as Number (%)
Quantitative data are expressed as mean + SD
P statistically significant (P<0.05)
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Table-4 Comparison between the studied groups regarding total measurements

Annular All patients Kc1 Kc 2 Kc3 Kc 4 Controls p
zones N=120 N=20 N=20 N=20 N=20 N=40
0.001
0-2mm 17.7+5.1 15.1+0.8 16.3+1.8 16.3+1.0 22.8+8.0 15.0+0.9
2-6mm 145+32 133207 14.1+1.1 149+1.2 15.6+6.0 13408 0001
6-10mm 145435  13.6+1.9 144+2.8 14.6+3.2 14.9+5.5 13.5+1.7 0.001
10-12mm  222+69  20.6+26 23.0£5.6 23.9+7.7 19.4+9.4 19.743.7 0.001
0.001
Total 16.2+3.0 149+1.1 16.0+2.0 16.3+2.4 17.2+5.1 14.7+1.0
KC keratoconus
P: probability.
Categorical data expressed as Number (%)
Quantitative data are expressed as mean + SD
P statistically significant (P<0.05)
CONTROL KC1 KC2 KC3 KC4
==@== Anterior ==@==(Central Posterior e=@==Total
Fig. (3) Anterior, central, posterior and total of studied layers
Diagnostic performance and cut-off point for total densitometry in KC1, KC2, KC3 and KC 4 patients from
controls are shown in the following tables (Tables5-8).
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Table-5 Value of total densitometry in distinguishing KC1 from controls

Cut-off 14.9
AUC 0.54
P 0.001
Sensitivity 55.0%
Specificity 50.0 %

AUC area under curve P statistically significant (P<0.05)

Table-6 Value of total densitometry in distinguishing KC2 from controls

Cut-off 16
AUC 0.7
P 0.002
Sensitivity 65.0 %
Specificity 80.0 %
AUC area under curve P statistically significant (P<0.05)
Table-7 Value of total densitometry in distinguishing KC3 from controls
Cut-off 16.3
AUC 0.71
P 0.001
Sensitivity 65.0 %
Specificity 80.0 %
AUC area under curve P statistically significant (P<0.05)
Table-8 Value of total densitometry in distinguishing KC4 from controls
Cut-off 17.2
AUC 0.77
P 0.003
Sensitivity 80.0 %
Specificity 80.0 %

AUC area under curve P statistically significant (P<0.05)

between total corneal

Densitometry  correlation
densitometry in (KC1, KC2, KC3, KC4 ) with pentacam
parameters of (K MAX, ART MAX, CCT) There was a
statistically significant negative correlation between
corneal densitometry in (KC1, KC2, KC3, KC4 ) with

pentacam parameters of (CCT, ART MAX) and there
was a statistically significant positive correlation
between corneal densitometry in (KC1, KC2, KC3, KC4
) and K MAX values as shown in the following table (9)
and figure (4).
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Table-9 Correlation between total corneal densitometry and other parameters.

KC1 KC2 KC3 KC4
DENSITO DENSITO DENSITO DENSITO
K max r 0.264 0.008 0.077 0.088
P 0.017 0.021 0.061 0.043
CCT r -0.043 -0.063 -0.077 -0.114
P 0.046 0.038 0.047 0.033
ART max r -0.039 -0.045 -0.070 -0.150
P 0.033 0.036 0.042 0.046
KC keratoconus  r: Spearman‘s correlation p: probability significant (p<0.05)
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Fig. (4) Corneal densitometry keratoconus correlation with pentacam parameters group

DISCUSSION:

Keratoconus is non-inflammatory disease with anatomic
deformity of the cornea characterized by progressive conical
protrusion and thinning of the corneal center part.'® Early
diagnosis of keratoconus is currently a diagnostic challenge
as there is no uniform screening criteria so early diagnosis

t.17 Corneal

help to stop progression and better managemen
densitometry nowadays is a valuable tool for evaluation of
corneal transparency.'® Present study aimed to evaluate the
corneal densitometry findings in patients with KC, This cross
sectional study included 80 eyes of 80 patients with
keratoconous divided into 4 grades according to the severity
of keratoconous and compared to 40 eyes of healthy control
with matching age and sex. The studied patients included 42
males (52.5 %) and 38 females (47.5 %) indicating almost
equal sex distribution.

In the present study, comparison between the
studied groups regarding anterior, central, posterior, and total
layers measurements, and also regarding to the annular zones
(0-2 mm, 2-6 mm, 6-10 mm , 10-12 mm) showed increase in
corneal densitometry parameters in keratoconus patients
compared to control group and this increase was in direct

proportion with severity of keratoconus, This is matching

with  Lopes et al. (2014)" who showed increase in
densitometry readings in keratoconic patients, but did not
correlate this readings with grades of keratocous. Also Shen
et al. (2019)*° showed the correlation between corneal
densitometry, corneal topographic parameters, and corneal
keratoconus.  Corneal

biomechanical  properties in

densitometry and topography were measured using
Pentacam. The corneal densitometry values of the anterior 0
to 2 and 2 to 6 mm layers significantly correlated with the
severity of keratoconus. In addition Kreps et al. (2020)*!
showed that corneal densitometry in keratoconic patients
regarding anterior layer measurements, central layer
measurements, posterior layer measurements and total layer
measurements significantly worse compared to controls.
Most parameters worsened in moderate disease and severe
disease.

The present study showed different cut-off values for
densitometry in different keratoconus stages correlate with
sensitivity and specificity. Cut-off point was 14.9 in KCl1,
16.0 in KC2, 16.3 in KC3, and 17.2 in KC4.
CONCLUSION:

Corneal densitometry is corneal profiling technique which

is highly sensitive for detection of keratoconous, it is valuable
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diagnostic tool for diagnosing & following up the progression
of the disease it represent data as corneal densitometry
backscatter. There is no single diagnostic index to diagnosis
of keratoconus, so with combination of several data raising
the diagnostic of keratoconus early, and help in avoiding
misdiagnosis of keratoconus. From these results we have new
cut off values for corneal densitometry in keratoconic patients
and also for every stages, and also in management plane of
keratoconus, these values may be helpful in diagnosis and
detection of keratoconus.
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