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Aim: The aim of this study was to compare the pre- and posttreatment corneal densitometry
and corneal thickness value of keratoconus (KCN) patients managed via contact lenses (CLs)
or by both intrastromal corneal rings and contact lenses.
Patients and methods: This prospective study was performed at the Manchester Royal Eye
Hospital, UK. Patients were recruited before treatment and followed up for 12 months. Data of
corneal densitometry and corneal thickness were collected using the Oculus Pentacam at the
pretreatment visit and posttreatment visit at 12 months.
Results: Corneal clarity significantly differs between both groups at pre treatment at zone
0–2 mm for the anterior layer (P=0.002). The same diversity is present at zone 2–6 mm for the
anterior layer (P=0.003) and posterior layer (P=0.008). The corneal clarity diversity found was
not statistically significant at 12 months post treatment (P.0.05). Corneal thickness was found to
be statistically significantly different between pre treatment and post treatment for the CL group
for central corneal thickness (CCT) and thinnest area (P=0.01 and P=0.02), respectively.
Discussion: This study shows that KCN management with Intacs was found to be effective
in maintaining corneal clarity for a longer time than that with CL alone. On the other hand,
corneal clarity reduces with disease progression in cases managed with CLs only. Analysis of
Oculus Pentacam images provides an objective evaluation to monitor the corneal status after
these different pathways of management.
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Keratoconus (KCN) is noninflammatory, progressive bilateral dystrophy with corneal
stromal thinning.1 Spectacles and/or contact lenses (CLs) are the optional managements
available at early stage of the disease. KCN is a progressive disease; when the advanced
stage is reached, the only treatment option is corneal transplantation.2,3 In some cases
when the cornea is considered clear and the only reasons for corneal transplantation
are intolerance of CL or decreased visual acuity (VA), using alternative treatment may
be in the best interest of both surgeon and patients.4
CLs have been used for long time to improve VA in KCN even at an advanced
stage.5–8 Improving VA without causing any damage to the corneal structures is the
most important aim.9 Rigid gas permeable (RGP) lenses are the most widely used lens
for keratoconic management at the early stage of the disease.10 The three-point-touch
fitting method is the most commonly used method for RGP lenses.11
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Intrastromal Corneal Rings Intacs (Addition Technology,
Fremont, CA, USA) as keratoconus treatment was first done
by Colin et al.12,13 Intacs have been proved to improve the
topographic regularity and CL intolerance, both leading to better
VA.14–16 Intacs work via shortening the arc and flattening the central cornea along with providing a biomechanical strengthening
for the corneal ectatic thinning.17,18 However, an Intac may give
a good result in early and moderate stages of the disease, but the
Intac is considered poor in advanced stages of keratoconus.19
Corneal clarity in KCN is stated to be at a high level when
compared with normal, healthy eyes.20 However, most of
keratoconics report increased corneal haze to differing levels.
Less attention has been given to the effect of CLs and Intacs
on formations of corneal haze.
This study aims to use the Oculus Pentacam (OCULUS
Optikgerate GmbH, Wetzlar, Germany) to assess the corneal
densitometry level changes in a keratoconic eye before and
after fitting with a CL; second, compare changes that takes
place in corneal densitometry before and after implanting
Intacs in the eye for keratoconic management; and finally,
assess the corneal clarity changes between both treatment
procedures at pre treatment and post treatment.

CL fitting

Patients and methods

Pentacam topography images are routinely used clinically
to assess patients mostly as a corneal diagnostic tool.
Densitometry software allows the corneal clarity to be
measured from the same image. The protocol takes only
5 minutes, and it is noninvasive, so carries no risks to the
patient.24 A good single image of the cornea was taken
at each visit, which met the quality requirement determined by Pentacam analysis. The measurements from the
Pentacam images were compared for pre treatment and
post treatment for both groups at 12 months. The same
measurements were compared between groups at 1 year
post treatment.

This is a prospective, comparative, and nonrandomized
cross-sectional study and was conducted at Manchester
Royal Eye Hospital (MREH). This study was approved by
Central Manchester University Hospitals NHS Foundation
Trust, Manchester, UK, and NREC local ethics committee
(ref: 15/NE/0363). The research followed the tenets of the
Declaration of Helsinki.
Patients who were aged .13 years at the CL fitting or
Intacs and CL placements and had a 1 year follow-up post
treatment were selected for this study. A written informed
consent was obtained from the patients older than 18 years.
For those younger than 18 years, a written consent was
obtained from parents and legal guardian in addition to an
assent form from the patients. These patients were identified and then recruited following a clinic visit. Clinical
notes were examined, where relevant information including
patient age, gender, and date of procedures were recorded for
descriptive data analysis. Posttreatment parameters including
best-corrected visual acuity (BCVA) in logMAR, refraction,
and relevant clinical details were extracted from the clinical
notes for data analysis. Pretreatment and posttreatment data
of corneal densitometry and central corneal thickness (CCT)
were retrieved from the Oculus Pentacam.
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All patients were fitted with RGP CLs by an optometrist
at MREH. The fitting included analysis of the topography
results and slit-lamp examination. The fitting procedures followed standard methods for keratoconic patients.11,21,22

Intacs procedure
Intacs fitting was performed by one surgeon for all subjects in this study. The procedure was done using local
anesthesia. Mean corneal thickness was .425 µm for all
patients and .450 µm at the proposed insertion locations.
Keratometry reading showed 58 diopter (D) with mean
50 D and standard deviation (SD) 5.27 for Simk1 and mean
52.77 D and SD 8.34 for Simk2 with clear central cornea.
Endothelial cell count was .1,000 cells/mm2. Two Intacs
segments of 150–350 µm thickness for each eye were used
to embrace the steepest keratoconic meridian at a depth
between 300 and 400 µm. The aim was to achieve maximum flattening of the cornea.23 All the cases were fitted
with RGP CL based on unsatisfactory VA with spectacles
or soft CL correction.

Pentacam imaging

Statistical analyses
IBM SPSS Statistics for Mac, Version 23.0 (IBM Corporation, Armonk, NY, USA) and GraphPad Prism version
7.00 for Windows (GraphPad Software, Inc., La Jolla, CA,
USA) were used to perform analysis. Normality of data was
assessed using the Shapiro–Wilk W-test. Data were represented in each follow-up as the mean (M)±SD at baseline and
12 months. Independent t-test for data was used to compare
both groups. A paired t-test analysis was used to analyze
follow-ups as compared to the baseline. A P-value of ,0.05
was considered as a statistically significant result.
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Results

Table 2 Mean and SD for corneal densitometry at pre treatment
and post treatment for the Intacs group

A total of 27 eyes from 16 patients met our criteria at
12 months posttreatment follow-up. These were seven
patients (nine eyes) for Intac treatment with a mean±SD age
of 32.04±8.38 years and nine patients (18 eyes) for CL treatment with a mean±SD age of 30.22±7.27 years, which is not
statistically significant (P.0.05). The two groups showed
similar demographic data.
At pre treatment, the mean (SD) of BCVA logMAR was
found to be 0.11 (0.14) for the CL group, whereas it was
0.42 (0.25) for the Intacs group. At post treatment, the mean
(SD) of BCVA logMAR was found to be 0.16 (0.35) for the
CL group and 0.24 (0.35) for the Intacs group. When both
groups were compared in terms of BCVA, a significant difference was found in pre treatment (P,0.001). In contrast,
at 12 months post treatment, no statistically significant difference was found between both groups (P.0.05).
The study found a statistically significant increase for
the CL group for mean corneal densitometry only in the
anterior layer of zone 0–2 mm between pre treatment and
12 months post treatment (P,0.05; Table 1). However, the
Intacs group showed no statistical difference between corneal
densitometry at pre treatment and 12 months post treatment
(P.0.05; Table 2).
Corneal densitometry at pretreatment comparison
between both groups showed a difference at zone 0–2 mm
for the anterior layer (P=0.0001). A significant difference was
also seen in the 2–6 mm zone for the anterior layer (P=0.006)
and the posterior layer (P=0.01).
Comparing the mean corneal densitometry value between
both groups at 12 months post treatment reveals no difference
in any zones or layers (P.0.05; Figure 1).

Table 1 Mean and SD for corneal densitometry at pre treatment
and post treatment for the CL group
Zone
(mm)

Layers

Pre treatment,
mean (SD)

Post treatment,
mean (SD)

P-value

0–2

Anterior
Central
Posterior
Anterior
Central
Posterior
Anterior
Central
Posterior

20.6 (1.78)
17.6 (1.7)
12.9 (1.07)
17.96 (1.04)
15.07 (0.98)
11.8 (0.88)
18.27 (2.3)
15.3 (2.1)
12.95 (2.06)

21.2 (1.6)
17.2 (1.09)
12.5 (1.1)
18.24 (1.1)
15.1 (0.63)
11.9 (0.48)
17.83 (1.95)
15.7 (2.3)
12.97 (2.01)

0.03a
0.27
0.19
0.19
0.82
0.65
0.4
0.4
0.96

2–6

6–10

Note: aSignificance at P-value of ,0.05.
Abbreviation: SD, standard deviation.
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Zone
(mm)

Layers

Pre treatment,
mean (SD)

Post treatment,
mean (SD)

P-value

0–2

Anterior
Central
Posterior
Anterior
Central
Posterior
Anterior
Central
Posterior

25.02 (3.23)
19.47 (3.3)
14.40 (2.78)
21.48 (2.89)
16.6 (2.9)
13.81 (1.9)
19.27 (2.3)
15.14 (2.43)
13.63 (2.05)

23.14 (3.9)
17.03 (4.4)
12.31 (3.36)
22.10 (5.1)
17.95 (5.07)
15.27 (4.9)
18.88 (5.59)
15.32 (5.32)
13.10 (4.38)

0.06
0.13
0.09
0.59
0.50
0.40
0.80
0.92
0.69

2–6

6–10

Abbreviation: SD, standard deviation.

Corneal thickness was found to decrease statistically
significant between pre treatment and post treatment for
the CL group in both CCT and the thinnest area (P=0.02
and P=0.04), respectively. This difference was not seen for
the Intacs group (P.0.05, Table 3). Additionally there was
a significant difference between both groups at pre treatment for CCT (P=0.02) and thinnest area (P=0.02). Similar
differences were found at 12 months post treatment in
CCT (P=0.3) and thinnest area (P=0.2; Table 3).

Discussion
Corneal clarity change in KCN has been reported in recent
studies.25,26 Factors that can alter corneal clarity include
age.27–29 Viral corneal disease as well as keratoconus and
Fuchs disease (Fuchs endothelial dystrophy [FED]) can have
an impact of decrease in corneal clarity. KCN progression
shows decreased corneal clarity.20,30 Management of KCN
by corneal collagen cross-linking (CXL) was found to have
an effect on corneal clarity and increased corneal haze.31,32
However no reports about the effect of CLs or Intacs on
corneal clarity using Pentacam have been published yet.
CL management of KCN is a well-documented evidencebased option for patients. This research did not find any
statistical differences in corneal clarity between baseline
and 12 months post fitting of CL except at the anterior layer
of zone 0–2 mm.
KCN management can involve the Intacs procedure for some
advanced cases where patients have difficulty using RGP lenses.
This study found no significant change in corneal clarity after
12 months after Intacs were fitted compared to the baseline.
The results for both the Intac and CL groups showed
higher corneal haze than published data for age-matched
healthy controls at both pretreatment and posttreatment
imaging.28,33 Both treatment groups (CLs and INTACS)
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Figure 1 A comparison of the pre treatment and post treatment corneal densitometry for both groups at different corneal zones and layers.
Notes: *Significant at P-value of ,0.05. **Significant at P-value of ,0.01.
Abbreviations: GSU, grayscale unit; CL, contact lens.

showed significant differences pretreatment clarity with that
at 12 months post treatment, however, there was no difference
between the two treatment groups. Other studies of KCN
management show a difference between pre treatment and
post treatment of corneal clarity, for example, collagen crosslinking where corneal clarity is increased (CXL).32,34
1656
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Damage of keratocytes has been associated with haze development post CXL in many reports.33,35,36 It has been reported
that corneal morphology can be altered due to a long-period
wearing of CLs.37 However, keratocyte density does not seem
to be affected by wearing daily CLs for a long period.38 Correspondingly, endothelial cell density was found to be unaffected
Clinical Ophthalmology 2018:12
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Table 3 Mean and SD for corneal thickness at pre treatment and
post treatment at 12 months for CL and Intacs groups

management by CLs alone or Intacs and CLs. Analysis of
Oculus Pentacam images provided an objective evaluation
to monitor the corneal status after these treatments.

Treatment Pre treatment, Post treatment, P-value
type
mean (SD)
mean (SD)
CL
Intacs
Thinnest CL
area
Intacs
Clinical Ophthalmology downloaded from https://www.dovepress.com/ by 3.236.231.61 on 16-May-2021
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CCT

502 (48.5)
457.5 (32.1)
478 (54.2)
430.4 (39.8)

488 (47.7)
449.4 (31.0)
468.6 (45.7)
425.2 (39.9)

0.02
0.27
0.04
0.54

Abbreviations: SD, standard deviation; CL, contact lens; CCT, central corneal
thickness.

in keratoconus for those patients who were not wearing CLs.39
However, there are conflicting reports on changes in endothelial
density, increasing,40 no change,41 or decreasing,42 for long-time
wearing of CL. On the other hand, Intacs placed in the cornea
lead to a decrease in irregular astigmatism caused by KCN
without attacking the center of the cornea and its tissues.4,43
It is commonly believed that lipid deposits will accumulate
after Intac insertion.44 Lipids affect the extracellular matrix in
the cornea due to change in the biomechanics,45 and this may
change corneal clarity. However, we showed that clarity was
increased 12 months after Intacs were fitted.
CLs may cause alteration of corneal thickness.46,47 This
could be linked to structural alteration in the cornea due to
reduced basal epithelial cells.48 Our result shows statistically
significant change between pre treatment and post treatment, which increases the CCT.49 These changes in corneal
thickness could be due to inflammation caused by CL wear
or induced by an increase in proinflammatory cytokines
in tears,50 which increased with wearing CLs.51 However,
this study did not find any effect of the Intacs procedure on
corneal thickness. These differences of the effect on corneal
thickness between both treatment forms despite using CL
could be due to lens mechanical effect.52,53
This study was limited by a small sample size; therefore,
result is preliminary and needs to be replicated in a large
study group. Another limitation was the average age of the
participants, which may reflect a stable stage of keratoconic
disease progression.

Conclusion
Corneal clarity seems not to be affected by management of
the disease progression either by CL alone or Intacs and CL.
However, treatment with Intacs seems to stabilize the corneal
clarity in comparison with that with CLs alone. Intacs slow
down the decrease in clarity associated with the CL treatment alone. Maybe there is less irritation and hence less
inflammation after the Intacs are fitted. This study represents
the first report, to our knowledge, about change in clarity
measured using the Pentacam in keratoconic patients under
Clinical Ophthalmology 2018:12
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