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Abstract- To evaluate and compare posterior corneal elevation data and anterior segment parameters in
different grades of keratoconus by Pentacam. 114 eyes of 114 keratoconic patients (85 men and 56 women)
with a mean age of 31.6+4.7 years were evaluated with a Pentacam Scheimpflug camera. Keratoconic eyes
were divided into 3 groups or grades according to the maximum keratometry reading: mild or grade | (K=50
or less than 50 diopters [D]), moderate or grade Il (K=50.0 to 55.0 D), and severe or grade Il (K=55.0 D or
higher). The posterior corneal parameters were obtained posterior. There were no statistically significant
differences between keratoconus grades in terms of sex (P=0.661). Also, there were no statistically significant
differences between 3 grades in terms of age (P=0.214). There were statistically significant differences in
anterior keratometry readings (K), anterior chamber depth (ACD), anterior chamber angle (ACA), and all
pachymetric corneal measurements between all groups. With the progression of the disease, posterior K
readings and all posterior elevation measurements were statistically different between the three grades.
However, there were no significant differences in pupil diameter, anterior chamber volume (ACV), and
corneal volume (CV) between the three grades of keratoconus. According to the results of this study, height
data of posterior elevation, when combined with corneal anterior segment parameter, could provide a useful

keratoconus severity classification tool.
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Introduction

Keratoconus (KCN) is an ectatic corneal disorder
characterized in most cases by progressive corneal
thinning that leads to corneal protrusion, irregular
astigmatism, and decreased vision (1). Biomicroscopic
examination and placid disk-based corneal topography
are widely used methods for the clinical detection of
KCN. Placid disk-based corneal topography can only
evaluate the anterior surface of the cornea. However,
more recent techniques such as scanning slit topography
and rotating Scheimpflug imaging present more versatile

applications and evaluate both anterior and posterior
corneal elevation and curvature data (2,3).

In recent years, many studies (2-6) showed that
corneal posterior elevation measurements in clinical
KCN patients differ from normal or subclinical patients.
All these studies found that posterior corneal elevation
was significantly higher in clinical KCN than subclinical
and normal eyes. However, its efficacy seemed to be
lower for discriminating subclinical KCN from normal
corneas. Nevertheless, posterior corneal elevation has
been described by many authors as the most effective
indicator of keratoconus (4,7,8). On the other hand,
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accurate measurement of anterior segment parameters is
of great importance in keratoconus due to the
progressive  changes in  corneal  morphology.
Keratoconus is considered a contraindication to
refractive surgeries due to the corneal alteration caused
by these procedures (9); inadequate visual satisfaction
with spectacles and contact lens intolerance necessitate
further therapeutic interventions. Some approaches for
KCN treatment are corneal cross-linking treatment
(10,11), intracorneal segmented rings (Intacs) (12-14),
and phakic 10Ls implantation (15,16). As the disease
aggravates, treatment alternative options become more
limited for KCN patients. Thus, a thorough evaluation of
the changes in posterior corneal elevation data and
anterior segment parameters may provide more sensitive
and specific criteria in the diagnosis, progression
monitoring, surgical follow-up, and surgical success rate
of keratoconus patients. In addition, combining posterior
height data with anterior corneal parameters could lead
to a more comprehensive grading tool of keratoconus
severity.

This study was designed to evaluate posterior
corneal elevation data and anterior segment parameters
in three different grades of keratoconus using the
rotating Scheimpflug camera Pentacam.

Materials and Methods

This comparative study enrolled patients examined at
the keratoconus section of Noor Eye Hospital. 114 eyes
of 114 patients (85 men and 56 women, mean age
31.6+4.7) diagnosed with manifest keratoconus were
studied using Pentacam. All participants were informed
about inclusion in the study and consent was taken from
all volunteers, and the protocol of the study was
explained to them. All patients had a complete clinical
examination that included uncorrected visual acuity,
best-corrected visual acuity, manifest refraction,
keratometry, fundus, and slit-lamp evaluations. Clinical
keratoconus detection was based on: scissoring reflex on
retinoscopy, oil drop reflex on ophthalmoscopy,
localized steepening of the cornea, external signs
(Munson sign, Rizzutti phenomenon), and following
clinical slit-lamp findings: Vogt striae, Fleischer ring,
corneal apical scars, stromal thinning. All participants in
the present study filled the criteria for manifest
keratoconus. Based on maximum keratometry reading,
eyes were placed into 1 of 3 groups as follows: mild or
grade | (K=50 or less than 50 diopters [D]), moderate or
grade Il (K=50.0 to 55.0 D), and severe or grade Il
(K=55.0 D or higher).
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The participants with systemic or ocular diseases,
positive history of ocular surgery, severe dry eye were
excluded from the study due to the effect of these
conditions on corneal morphology. Patients who wore
RGP lenses were asked not to wear their contact lenses
from one month before Pentacam imaging, and those
with soft contact lenses were asked not to wear their
contact lenses two weeks before the examination.

The corneal evaluation was performed using a
Scheimpflug imaging system Pentacam. Patients were
asked to sit on a chair. The chin was placed on the
chinrest, and the forehead was pressed against the
forehead strap. Patients were instructed to keep both
eyes open and look into the black spot located in the
middle of the blue fixation beam. When the perfect
alignment was obtained, the Pentacam system
automatically took the Scheimpflug images. The
following posterior corneal data were obtained: posterior
keratometry readings (max, min), central posterior
corneal elevation, maximum posterior elevation (in 3mm
zone), and maximum posterior elevation (in 5mm zone).
Anterior corneal parameters were as follows: anterior k
readings (max, min), thinnest corneal thickness (TCT),
central corneal thickness (CCT), and apical corneal
thickness (ACT) anterior chamber depth (ACD), corneal
volume (CV), anterior chamber volume (ACV), and
anterior chamber angle (ACA), pupil diameter (PD).

Statistical analysis was performed using SPSS
software. The normality of all data samples was first
checked by the Shapiro-Wilks test. When the parametric
analysis was possible, 1-way analysis of variance
(ANOVA) was used to compare anterior and posterior
parameters between three groups of eyes. The Pearson
correlation test was used to evaluate the correlation of
parameters. Categorical variables were analyzed with
the Chi-square test. All data were reported as
meanszstandard deviation.

Ethical issues

The Ethics Committee of Iran University of Medical
Sciences approved the study protocol, which was
conducted in accord with the tenets of the Helsinki
Declaration. All participants signed written informed
consent.

Results

114 eyes of 114 volunteers with a mean age of
31.6+4.7 (21-40 years) were evaluated. 48 patients had
mild keratoconus, 37 had moderate, and 29 had severe
keratoconus. The Chi-square test revealed there were no



statistically significant differences between keratoconus
grades in terms of patient sex (P=0.661). Also, the
variance test showed there were no statistically
significant differences between the three groups in terms
of age (P=0.214). The demographics of the study
population are shown in Table 1.

Table 1. Demographic features of the patients

Age (Y) Sex (F/IM)
Groups Mean+SD %
Grade 1 30.80+4.93 42.9/41.2
Grade 2 32.39+4.56 28.6/35.3
Grade 3 31.83+4.46 28.6/23.5

ANOVA test results showed anterior K readings,
ACA, and corneal thickness parameters (TCT, ACT, and
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CCT) were statistically significantly different between
three groups of keratoconus grades. However, CV,
ACV, and PD showed no significant difference between
groups. Table 2 shows the mean anterior segment
parameters between the three groups.

Posterior K readings, central posterior elevation, max
posterior elevations (in 3 mm and 5 mm zones) were
statistically different between the three grades. All
posterior elevation parameters increased with the
progression of keratoconus (P<0.001). The results of
repeated measures ANOVA with controlling the effect
of age and sex showed that all posterior elevation
parameters were statistically significantly different
between three grades of keratoconus. Table 3 shows the
mean posterior corneal parameters in 3 keratoconus
groups.

Table 2. Anterior segment parameters by group

Grade 1 Grade 2 Grade 3

Mean+SD Mean+SD Mean+SD P
Min K (D) 44.16+1.82 47.95+1.92 56.63+7.21  0.000
Max K (D) 46.20£2.22 51.79+1.54 62.35+7.41 0.000
CCT (um) 497.08+39.52 459+29.80 418.86+52.33  0.000
ACT (um) 492.78+42.29 448.78+30.07 392.81+61.54 0.000
TCT (um) 480.98+43.66  442.09+36.61 377.14+67.50 0.000
CV (mmd) 57.45+3.75 56.23+3.25 57.30+4.05  0.207
ACV (mmd) 196.93+31.26  199.24+36.41 194.17+38.71 0.809
ACA (degrees)  38.21#5.22 37.54+4.87 36.16+5.93  0.189
ACD (mm) 3.28+0.27 3.39+0.32 3.62£040  0.000
PD (mm) 3.38+0.97 3.33+0.63 3.54+0.70 0.494

Table 3. posterior corneal parameters by group

Grade 1 Grade 2 Grade 3

meanzSD meanxSD meanzSD P
Min K (D) -6.45+0.46 -7.17+0.44 -8.64+1.39 <0.001
Max K (D) -6.96+0.58 -7.99+0.45 -9.81+1.27 <0.001

Central posterior elevation (um)

Maximum posterior elevation 3 (um)  36.34+21.51

17.98+15.41 37.76+20.01

75.31+45.76  <0.001

58+26.87 97.89+47.84  <0.001

Maximum posterior elevation 5 (um)  39.27+20.98  59.72+27.71 101.17+47.46  <0.001

Discussion

The purpose of the current study was to determine
and compare posterior corneal elevation data and
anterior corneal segment parameters between three
different grades of keratoconus using Pentacam.

There was no statistically significant difference
between our three study groups in terms of gender and
age. Though the mean age of our study participants was
older than those enrolled in the study by Emre et al.,
(17), they found no significant differences in sex and
age of all three keratoconus groups. On the other hand,
the mean age of our study was younger than those of
Ishii et al., (18) and Pinero et al., (19); However, they

also found the same results.

In our study, ACD showed a significant increase
over the progression of the disease. Edmonds et al., (20)
compared ACD between normal and Kkeratoconus
individuals. They found ACD was affected by sex, age,
and keratoconus. According to Kovacs et al., (21), the
anterior chamber was significantly deeper in
keratoconus patients than normal eyes and was highly
correlated with a posterior corneal elevation in the
central cornea and 1 mm of the paracentral cornea. Fonts
et al, (22) evaluated CV, ACD, and CCT of mild
keratoconus patients using pentacam. All their findings
were statistically similar to our findings in mild KCN
patients. Emre et al., (17) compared anterior segment
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parameters between three grades of keratoconus. They
divided patients by mean K into three groups as follows:
mild (K<47 D, moderate (47<K<52), and severe (K>52
D). In their study, ACD measurements were 3.2+0.3
mm, 3.3+0.3 mm, and 3.7£0.4 mm in mild, moderate,
and severe KCN, respectively. In our study, we found
ACD measurements to be 3.28+0.27 mm, 3.39+0.32
mm, and 3.6320.4 mm in mild, moderate, and severe
KCN, respectively. ACD data of their study seems to be
in agreement with our findings. Precise measurements of
ACD are highly important in the implantation of phakic
intraocular lenses (plOLs) for refractive treatment of
keratoconus patients (15,16). Therefore, the progressive
deepening of ACD could be considered a useful change.

As expected, pachymetric readings (CCT, TCT, and
ACT) showed a significant decrease as the condition
progressed. Similar to our study, Emre et al., (17)
showed a progressive decrease in TCT over the
progression of keratoconus. Our TCT findings were
480.98+43.66 um, 442.09+36.61 pm, and 377.14+67.5
pum compared to their measurements of 484.8+51.6 um,
453.0£41.6 pm and 374.3+97.4 pum in mild, moderate
and severe KCN, respectively. A decrease in corneal
pachymetric values could be explained by progressive
corneal thinning. Ishii et al., (18) and Pinero et al., (19)
also reported that in their studies, CCT and TCT
decreased with the progression of the disease.

Our study results showed a progressive decrease in
ACA from grade 1 to grade 3. Our study findings
support those of Klayce and Smolek (23) and Emre et
al., (17) Klayce and Smolek found that flattening of the
peripheral cornea is a consequence of the increase in
central corneal curvature, and subsequently, ACA
progressively decreases. However, ACA measurements
of our study were slightly higher than those of Emre et
al.; The discrepancy might be due to different grading
systems or individual differences between these two
studies. In our study, patients were categorized by
maximum keratometry, while Emre et al., divided
patients by mean keratometry. Nilsson et al., (24)
compared ACA between Kkeratoconus and normal
subjects using Orbscan Il and OCT. They concluded that
ACA is unchanged in keratoconus. The difference could
be due to different measurement techniques. Kovics et
al., (21) also found no significant difference between
mild to moderate keratoconus patients and normal eyes
in terms of ACA.

Our study showed no significant difference in CV
findings between the three grades. In the studies of
Pinero et al., (19), Emre et al., (17), and Ambrosio (25),
CV measurements showed a progressive decrease from

168 Acta Medica Iranica, Vol. 60, No. 3 (2022)

grade 1 to grade 3. According to Fonts et al., (22), CV
measurement of patients with even mild KCN was
statistically lower than those of the normal group
suggesting that corneal volume loss may begin even in
early stages. Henry and Bennett (26) stated that the
presence of abnormal enzymes in the corneal epithelium
leads to a simultaneous increase of collagenase enzymes
and protease inhibitor enzymes in the corneal stroma.
This causes the death of keratocytes and the subsequent
decrease in stromal collagen, and as a result, the overall
amount of corneal protein decreases, and stroma
becomes thinner. Pinero et al., (19) found corneal
thinning was followed by no significant changes in the
CV in grade 1. They claimed that the likely explanation
could be the erratic and irregular distribution of corneal
volume rather than the loss of tissue in the early stages
of the disease. Meek et al., (27) conducted a study to
map the collagen orientation and relative distribution of
collagen fibers in keratoconus corneal buttons. They
reported that the structure of the stromal lamellae was
significantly changed in keratoconus in comparison to
the normal cornea. The uneven distribution of collagen
fibers was highly notable in the area of the corneal apex.
Mollan et al., (28) also stated stiffness and extensibility
of corneal tissue seem to decrease in keratoconus as a
result of abnormal collagen lamella. Mannion et al., (29)
compared the CV in keratoconic and normal eye using
pentacam. According to their study, corneal volume was
significantly decreased in keratoconus, especially in the
central and paracentral corneal areas. The authors stated
that a decrease in CV could be attributed to the loss of
tissue in moderate and advanced stages of keratoconus.
However, in the early stages, changes in corneal
metabolic activity cause the tissue to extend, and in later
stages, the stretching is followed by tissue loss.
However, our study showed no significant changes in
CV even in the advanced stages of the condition. Thus,
this may suggest that corneal thinning is not the mere
cause of changes in corneal volume. The possible
explanation for the discrepancies between our study and
these studies might be different grading systems or
different ages, sex, and ethnicity in these studies, as
mentioned before. Nevertheless, this is something that
should be addressed in future studies.

In our study, ACV showed no significant difference
between the three groups. Emre et al., (17) reported that
in contrast to the significant deepening of ACD, the
progressive increase in ACV was not statistically
significant. They claimed an increase in ACD might
result in a subsequent increase in ACV. Kovacs et al.,
(21) found there is no significant difference in ACV



between KCN patients and normal subjects in spite of a
significant difference in ACD between the two groups.
According to our findings, ACV showed no significant
changes in spite of the deepening of the ACD with the
progression of KCN, suggesting the different underlying
changing processes during the progression of the
disease.

In our study, anterior and posterior k readings
showed a notable increase as the disease progressed.
Tomidokoro et al., (8) found that anterior and posterior
k readings were significantly higher in KCN and KCN
suspect patients. This could suggest that posterior
corneal curvature changes begin even in the early stages
of keratoconus. According to Pinero et al., (19), anterior
and posterior k readings were higher in KCN grade 2
(K<53) than grade 1 (K<48). However, all posterior k
readings in their study were slightly higher than those of
our study.

Recent studies considered the posterior corneal
elevation to provide diagnostic values in the early
detection of keratoconus (4,19). In our study, posterior
elevation data showed a progressive increase with the
progression of the disease. Maximum posterior elevation
in the 5 mm zone had the highest, and central posterior
elevation had the lowest readings. The significant
difference between central posterior elevation and
maximum elevations could be explained by decentration
and misalignment of the corneal apex in relation to the
center of the cornea. Most KCN patients show an
inferotemporal decentration of the corneal apex (18).
This could be the explanation for the considerable
difference between the three posterior elevation data.
Similarly, Ishii et al., (18) evaluated the correlation of
corneal elevation with the severity of keratoconus by
means of anterior and posterior topographic analysis.
They used Amsler-Krumeich classification for grading
keratoconus and found anterior and posterior corneal
elevation to increase from grade 1 to grade 4. One
possible explanation for the increase in posterior corneal
elevation could be progressive anterior and posterior
corneal steepening followed by decreased corneal
pachymetry, especially in the central stroma.

In conclusion, height data of posterior cornea, when
combined with corneal anterior segment parameters,
could provide potential data for useful keratoconus
severity classification.
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