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A B S T R A C T

Clinical instruments using Scheimpflug image-based methods to obtain optical sectional images of the cornea
have been introduced in recent years along with proposals that it should be possible to routinely and reliably
measure the optical density (referred to as the densitometry) of the human cornea in situ. Such a concept is
reviewed from the perspective of what might be considered as the basic principles underlying the understanding
of corneal transparency (from the 1950’s) and the progressive changes in these ideas from subjective slitlamp-
based clinical observations from the late 1960’s, especially in contact lens wearers. Much more has been learned
about the overall macrostructure (including corneal thickness) and the ultrastructure of the cornea from con-
temporary studies in the 1990’s, and these aspects of the cornea will be reviewed alongside consideration of the
methods of assessing the optical characteristics of the cornea in the living eye. From these perspectives, in this
review systematic consideration will be given to what objective (quantitative) output one of these Scheimpflug-
based systems provides and how this information might be actually related to corneal transparency character-
istics that might be observed clinically, particularly after long-term contact lens wear.

1. Introduction

The normal (healthy) mammalian cornea is optically transparent
(i.e. transmits a large proportion of visible light) as a consequence of its
unique structural organization. This optical clarity can be compromised
in contact lens wear. Subjective slitlamp-based assessments of this have
been undertaken for many years, perhaps along with more specific
comments on the localization of any alterations in transparency (seen as
haze or discrete opacities), and later augmented by measurements of
corneal thickness by pachymetry and functional assessments of vision
such as contrast sensitivity. A newer concept has been developed by
which an objective optical Scheimpflug imaging approach can be used
to assess any differences in transparency or optical density, presented in
terms of optical densitometry units. In the present review, transparency
of the cornea will be considered from a basic laboratory perspective as
well as from clinical assessments of its appearance and functional
transparency. From this perspective, a newer proposal for application of
an in vivo optical density assessment will be considered, especially
within the context of assessing the impact of contact lens wear on the
human cornea.

2. Cornea structure and transparency

The mammalian cornea is composed of several distinct layers (epi-
thelium, Bowman’s layer, the stroma containing keratocyte cells,
Desçemet’s layer and the endothelium) with their overall transparency
(or clarity) generally being considered to be an essential aspect of high
resolution vision [1,2], provided there is also a stable pre-corneal tear
film [3]. In a normal healthy cornea, the anterior cell layers of the
stratified squamous epithelium are transparent and essentially invisible
to transmitted broad-wavelength (white) light and so should appear
largely featureless and optically transparent when viewed in optical
section in a slitlamp [4,5].

In early perspectives on corneal transparency, the interest was
mainly on the role of the corneal stroma as the primary determinant of
optical transparency [6]. The bulk of the human cornea is made up by
the stroma which is composed of some 200 flattened sheets (lamellae)
of collagen fibrils [1,7]. A hypothesis was developed in which the op-
tical transparency (of the stroma) would be predictably dependent upon
the degree (extent) of order of the fibrils within the lamellae [6].
Modelling studies, undertaken in more recent years to support such
ideas, have been presented to indicate that light scattering as associated
with variations in fibril spacing could be predictably higher in the
anterior stroma [85]. From a clinical perspective, especially that which
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was likely dominant in the 1950’s and 1960’s, disorganization of col-
lagen fibrils occurred when there was development of substantial oe-
dema (swelling) of the cornea [6,9]. Using slitlamp-based assessments,
the overall oedema and particularly in its posterior location (within the
cornea) was likely evident and so such a scenario for the development
of corneal oedema and scattering of light by the cornea was generally
considered to be a likely consequence of any dysfunction or even some
type of damage to the posterior corneal endothelium. However, even
some early laboratory studies on excised corneas [10] and early clinical
slitlamp-based observations of oedematous corneas in the 1960’s and
1970’s [4,11] indicated that another important source of white light
scatter is within the corneal epithelium. In the 1990’s, evidence was
provided that keratocytes within the corneal stroma also could play an
important role in determining what the overall light scatter and thus
the transparency of the cornea might be [12].

In macroscopic terms, a normal cornea appears to be optically
transparent, as evidenced by the fact that substantial detail can be seen
of the iris tissue in front of the crystalline lens in both humans and
animals when examined from outside. Actual measurements of freshly
excised corneas can be used both to illustrate this transparency, as well
as to demonstrate just how readily it can change [13] (Fig. 1).

For example, at wavelengths above 400 nm, a fresh rabbit cornea
(processed as quickly as possible post-mortem, in this example within
15min) can be shown to transmit just over 90% of incident light at
400 nm and only slightly less than this (down to 75%) in the UVeA
region of the spectrum [13]. However, with, for example, short periods
of keeping an excised rabbit cornea on ice can slightly reduce the net
light transmission profile by a few percent [14], and considerably lower
net transmission at 400 nm (i.e. just over 50%) has been reported for
slaughterhouse-procured rabbit corneas where there was a quite con-
siderable delay between procurement and spectral measurements being
taken [15]. These differences are a predictable consequence of slight to
rather substantial post-mortem changes. These types of reductions in
optical transparency of an excised cornea are also illustrated in Fig. 1 as
the sequence of scans over time at room temperature. With such an
excised cornea being repeatedly wetted to stop any desiccation ex vivo,
it absorbs fluid and swells rapidly with very obvious and substantial
decreases in light transmission at lower wavelengths. After 200min,
this light scattering (with reduced transmission) can be especially evi-
dent in the 320–400 nm waveband and is noticeably visible as a (bluish)
haze to the excised cornea.

In somewhat older studies, now using slaughterhouse-procured

bovine (cow) corneas, measurements of white light transmission were
made with a photometer to also illustrate how substantial the swelling-
related changes in a cornea could be [10]. Attempts were made to relate
the changes in ‘specular density’ of the excised corneas to alterations in
corneal thickness [10]. The actual results from the experiments were
essentially inconclusive, and likely due to substantial difficulties with
both photometer calibration and obtaining reliable thickness mea-
surements with callipers. Notwithstanding, while actual measurements
of backscattered versus forward scattered light were not possible, such
early studies gave quite considerable thought to why the transmitted
light should change. However, in later in vivo studies, measurements
were taken that indicated that the overall light scattering properties of
the cornea could be shown to be dependent on the extent of swelling
(oedema), in these cases as associated with cataract surgery [16].

While laboratory studies can be used to demonstrate just how
readily corneal transparency can be reduced, the type of spectral ana-
lyses shown in Fig. 1 do not indicate why the optical clarity is reduced.
As indicated earlier, the once dominant theory was that the changes
were the result of disruption of the uniform collagen fibril spacing, but
more contemporary ideas also consider the keratocytes as an important
source of light scatter. As assessed at the resolution available in a
spectrophotometer or some type of photometer or indeed clinical sli-
tlamp-based assessments of corneal optical sections, very little detail of
the corneal stroma is evident. That the stroma would be simply con-
sidered as a homogeneous or slightly heterogeneous structure that
changed as swelling (oedema) developed is very much in line with
earlier concepts on corneal transparency that essentially ignored the
keratocytes. However, higher resolution options are available in the
form of confocal microscopy (CFM; Fig. 2) [2]. With careful adjustment
of the instrument, this method of looking through the corneal stroma
can be used in a ‘through-focussing’ mode to reveal the subtle features
of the keratocyte cell bodies at different depths (Fig. 2), as well as fa-
cilitate actual thickness (depth) measurements [17]. In such a coronal
view (i.e. looking through the corneal layers and the keratocytes), it is
mainly the nuclei of the cells that are evident which do scatter a small
amount of light. In addition, discrete micro-opacities with sizes much
smaller than the nuclei have also been observed by CFM in normal
human corneas [18–20]. Using the collected data from different num-
bers of layers assessed by CFM, estimates can be made of the total
amount of light scatter even in normal corneas [21]. Under conditions
where there is considered to be substantial stress on these cells (e.g.

Fig. 1. Representative UV–visible light transmission profiles taken through
freshly isolated rabbit cornea at room temperature (top curve, 15min) and the
resultant rapid changes over a period of 200min after oedema (swelling) was
allowed to develop ex vivo. From ref. [13]; copyright IOP Publishing.

Fig. 2. In vivo confocal microscopy image a human cornea to illustrate the light
scattering (as brighter regions) associated with the nuclei of the keratocytes
within the corneal stroma. From ref. [2]; copyright Elsevier.
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after photorefractive keratectomy), the keratocytes can change their
shape and their cytoplasm now scatter much more light to the extent
that (anterior) cornea haze would be evident [22].

Even more cellular detail can be seen using transmission electron
microscopy (TEM) on excised corneas that have been specially pro-
cessed with electron dense stains. Following embedding in special re-
sins, very thin sections can be made though the stroma from either the
same perspective as that viewed in confocal microscopy (i.e. a coronal
view) or from what can be considered as equivalent to an optical sec-
tion side view (i.e. sagittal view) with the same being used in con-
ventional histology evaluations of the cornea. For the TEM, the nu-
cleoproteins and nucleic acids of nuclei preferentially absorb (bind)
more of the heavy metals used to stain the tissue sections, as compared
to less absorption of the surrounding collagen fibrils.

The coronal sections can be used to look through the keratocyte cell
nuclei (Fig. 3). In freshly-prepared normal tissue, the smooth edges and
roundish to slightly-oblate shape to the nuclei can be seen because of
the relatively high density of the staining, as compared to the sur-
rounding cell cytoplasm (not usually evident in the confocal micro-
scopy), a density that is presumably sufficient to impair light trans-
mission and so scatter light in a somewhat unpredictable way even
though the nucleus only appears to occupy approximately one third of
the cell body [23]. Surrounding the edges of the cell, but not resolved at
the magnification used in the image, are the collagen fibrils extending
from the keratocytes (to give a lighter grey background).

If conventional sagittal sections are made for TEM assessments of
the keratocytes, then the nuclei can be expected to be a very dominant
feature [1,24]. As shown in Fig. 4A, the keratocyte in ‘normal’ cornea
can be expected to stain relatively densely principally because only a
small profile of the flattened cell is seen and it is dominated by the
nucleus. The surrounding cell cytoplasm around the nucleus is often
very thin (attenuated) when viewed from this perspective and often
only small parts of this may be seen, perhaps with some small vacuoles
in the cytoplasm being evident. Overall, the cell body of the keratocytes
can extends to quite substantial distances away from the nucleus.

Such sagittal sections can also be used to illustrate changes in the
density of the keratocyte nuclei (Fig. 4B). In this example, the cell is
identifiable only from the many vesicular remnants surrounding col-
lapsed nucleus which is considerably shrunken with the condensation
of the nucleoproteins and nucleic acids resulting in even more heavy
metals being absorbed during the staining when the cells show

apoptotic (necrotic) changes. If this chromatin condensation was pre-
sent in the cornea in situ, then it might be expected to be denser and
scatter more light.

With the sagittal view of the corneal stroma that can be obtained
with TEM, even at relatively low magnifications (Fig. 4A), the layers
(lamellae) of the corneal stroma can be seen as bands with slightly
different overall staining. This heterogeneity results from whether or
not the collagen fibrils in individual lamellae are cut through perpen-
dicularly (and seen in ‘cross section’ with a round profile) or long-
itudinally (and seen as long fibrils with a certain width), with some
lamellae being (unavoidably) cut through at intermediate angles. The
resolution of the fibrils, cut through in either perspective, can be
especially evident when oedema develops (as shown in Fig. 4B) with
individual collagen fibrils being clearly evident. While pachymetry
measures were not made on this specimen, it is likely that at least a 50%
increase in corneal thickness had occurred. As outlined earlier, it is
generally considered that the disorganization of the fibrils within in-
dividual lamellae results in increased light scatter.

3. The normal human cornea and its assessment in vivo

Overall, the cellular (or fibril) detail that can be seen with CFM or
TEM is not evident in most in vivo assessments of the cornea.
Notwithstanding, an optical section of the cornea viewed with modern
day photo-slitlamps can be readily captured as a (fairly) high resolution
image suitable for some type of analysis of transparency, clarity, opa-
city or density [25–27]; such assessments required customized image
acquisition and special image-processing software. Similar approaches
have been applied to analysis of corneal images obtained by confocal
microscopy, including those from contact lens wearers [28]. This
principle was applied in early studies as well, with it being noted that
correct alignment of repeat images was a challenging aspect of such
assessments as well as how to assign a particular grade to any opacities
observed or recorded [16]. In recent years, however, a user-friendly and
largely automated image capture and processing system has become
available as a clinical instrument commonly referred to by its trade
name, Pentacam. An output measure, of what is referred to as the
corneal (optical) density, has been presented as the modern day ap-
proach to assessing corneal transparency and thus the overall ‘health’ of
the cornea [29,30]. As noted earlier, a normal cornea should be es-
sentially optically transparent. When viewed in optical section by some
type of slitlamp-based biomicroscopy then – essentially – nothing sub-
stantial should be visible [4,5].

Notwithstanding careful slitlamp examination of what might be
considered to be a reasonably healthy cornea can reveal some subtle
and discrete opacities (Fig. 5A). The location of these can usually be
ascertained by appropriate focussing (at least on the living eye) and in
the photograph shown these appear to be more in anterior corneal
stroma. Such ‘opacities’ or discrete areas reflecting the white light could
also be in the tear film and asking a patient to blink a couple of times
may be useful to assess if this is the case. As shown in Fig. 5A, the
slitlamp optical section should highlight (or define) the anterior and
posterior surfaces of the cornea, sometimes with the anterior tear film-
epithelial interface perhaps being more prone to significant artefacts.

The slitlamp is however just one way in which a cornea can be
viewed in optical section. As viewed with specially collimated white
light as used in some types of optical coherence tomography (OCT)
instruments then the anterior surface may be apparently resolved as a
layer (or region) showing focal light scatter not eminently visible in the
slitlamp (Fig. 5B). The image shown was taken from the same cornea
illustrated in Fig. 5A. The OCT image appears to show a very thin re-
flective layer at the anterior surface which, because of the known
thickness of the cornea shown (of 0.510mm), is unlikely to be the
corneal epithelium or even the most anterior layers of the epithelium
but rather the pre-corneal tear film. However, with the use of some
types of laser illumination for OCT, this anterior layer visualization can

Fig. 3. Transmission electron microscopy (TEM) image of a coronal section
through the nucleus and cell body of a rabbit keratocyte. Part of the cell body
edge is identified by the straight arrow to distinguish it from the often more
prominent edge of the cell nucleus indicated by the curved arrow. The arrow-
head show where parts of the cell membrane are obscured by the many collagen
fibrils emerging from the cell. From ref. [23]; copyright Elsevier.
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be very noticeable and considered to be the corneal epithelium itself (as
well as the tear film) [31]. The OCT image shown in Fig. 5B also ap-
pears to show a modest number of discrete opacities that appear to be
well within the depth of the central stroma, with these perhaps being
accentuated by the higher illumination of this region of the stroma. As
with slitlamp observations, the anterior and posterior surfaces of the
cornea can be expected to be well defined in OCT imaging.

For the Pentacam system, an optical section through the cornea also
defines the anterior and posterior surfaces, with the instrument soft-
ware applying a metric (shown as a slightly irregular red line in a colour
image) to show the location of the anterior interface (Fig. 5C). From
such locations, the instrument can be simply used to provide thickness
values across the cornea [32]. It should be noted however that the light
scatter from the anterior aspect of the cornea (which is the same viewed

in the other figures) is more substantial, extending beyond where the
actual corneal epithelium would be expected to be, i.e. is an anterior
portion of the cornea comprising both epithelium and anterior stroma.
The reason why this image results from Scheimflug imaging of the
cornea does not appear to have been explained in the peer-reviewed
literature. Notwithstanding, a comparison can be made to the posterior
aspect of the cornea which, in this example, shows less light scattering.

4. The human cornea response to contact lens wear

As indicated earlier, clinical observations made in the 1960’s and
1970’s very much served to highlight problems associated with early
contact lens wear; induced swelling (oedema) of the cornea was evident
[4,33]. Patients can report visual blur along with (coloured) haloes

Fig. 4. Transmission electron microscopy (TEM) image of sa-
gittal sections through a normal-appearing keratocyte (A) or
one shrunken after presumed apoptosis (B). The arrowheads in
(A) indicate small vesicles which can be present despite an
intact cell membrane, while those in (B) indicate a cell com-
posed of many vesicular remnants along with the dense re-
mains of condensed chromatin of the nucleus. The separation
of the collagen fibrils when oedema develops is evident in (B).
From ref. [24]; copyright Taylor & Francis.

Fig. 5. Optical sections taken through the cornea of the same adult individual in vivo by three different instruments (A) conventional photo-slitlamp, (B) optical
coherence tomography (OCT) and (C) by the Pentacam Scheimpflug photography system.
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when looking towards distant light sources [34]. At least over the short
term (i.e. a few hours), slitlamp-based observations indicate that oe-
dema of the cornea is likely to start at the location most substantially
affected by the presence of a contact lens (i.e. the corneal epithelium)
with this being the likely cause of visual decrement (including haloes
around lights, etc) [35–37]. Such epithelial oedema may have actually
been apparent in many early studies although it is hard to find specific
comments or notes on this, perhaps because attention was given to
overall pachymetry as the more useful indicator or the presence of
oedema. It was recognised that the overall development of corneal
oedema could be assessed by measures of corneal thickness and so
started the routine use of pachymetry to assess the impact of contact
lens wear on the cornea.

It is now well established that corneal thickness is a useful indicator
of ocular health as decreased clarity is expected with increased corneal
thickness [38,39]. For corneal thickness, particularly central corneal
thickness (CCT), various studies indicate that it is either constant in
adult Caucasian individuals or can decline with respect to age espe-
cially in Asians [39–43]. Overall, studies indicate that a small amount
of oedema could be tolerated if contact lens wear was to be sustained on
a day-to-day basis with only slight increases in CCT generally being
observed in adapted contact lens wearers [11,39,44]. In contrast, CCT
has been reported to be reduced in some subjects wearing soft or RGP
contact lenses with there being a trend for decreasing thickness with
years of lens wear [45]. However, no obvious difference in CCT were
noted in newer studies assessing long term (average 16 y) soft contact
lens wearers compared to non-lens wearers [46].

From a perspective of the visual consequences of corneal oedema,
assessments of contrast sensitivity function have been considered to be
useful. To see clearly, there should be no significant light scatter from
the cornea or the crystalline lens inside the eye (cataracts). If there is
some light scatter, however, then the ability to distinguish fine (line)
details is expected to diminish [36,47–49]. This is expected to occur
with age, especially after 40 years, and can be assessed using contrast
sensitivity function (CSF). Studies on contact lens wearers have how-
ever yielded inconsistent results in terms of the magnitude of any de-
crement and the wavelength at which it was most evident [50–53].

For longer term contact lens wear, other types of changes in the

cornea are possible. At least for older hydrogel contact lens wear, sli-
tlamp-based assessments indicated the development of discrete (micro)
opacities principally in the corneal stroma, although it may be rather
difficult to judge the location (depth) of such changes and / or grade
them in routine slitlamp-based assessments [54–58]. Such micro-opa-
cities may be more noticeable when some corneal swelling is evident
since some of these changes were associated with modest (but chronic)
oedema to the extent that striae could be evident thus indicating that
the more posterior aspect of the corneal stroma was affected. With a
much higher resolution assessments by confocal microscopy (CFM),
even smaller opacities have been observed in modern-day contact lens
wearers [59–62], and referred to as ‘microdots’ or ‘white dots’. These
may be more obvious in the posterior stroma and so be linked to pos-
terior stromal oedema [62]. Similarly, general increases in the scattered
light was reported to be observed at all depths of the cornea in contact
lens wearers compared to non-lens wearing individuals [28].

The other major change in the cornea associated with contact lens
wear is the development of changes in the corneal endothelium with the
alteration in the uniformity of the cell mosaic now generally referred to
as polymegethism (and reported as the coefficient of variation or CV in
the cells areas). While the changes can be very notable, it has yet to be
established whether the presence of (substantial) polymegethism has
any predictable clinical consequence for the contact lens wearer. Stated
another way, the extent of polymegethism does not appear to have a
predictable effect on corneal thickness, for example [63].

5. Towards objective assessment of corneal clarity by
densitometry and relevance to contact lens wear

If the cornea is viewed with narrow-waveband coherent (laser) light
such as used in Optical Coherence Tomography (OCT) then the more
anterior cell layers of the cornea can be notably visible in optical sec-
tion [30]. If the cells develop oedema then this swelling can produce a
hazy appearance to the corneal epithelium as a result of backscattered
light [64–66].

One approach to measurement of backscattered light from the
cornea in vivo is to use Scheimpflug imaging. In early applications of the
technique, it was noted that more backscattered light appeared to be

Fig. 6. Complete densitometry data output
screen from the Pentacam Scheimpflug photo-
graphy system showing the profiles of the
cornea and the associated estimates of density
as a topical graphical map (top right; the
Cornea Densito Average) and as a set of num-
bers in gray scale units for different locations
(middle right, Corneal densitometry annulus
and layer averages).
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reflected of the anterior and posterior surfaces of the cornea rather than
from the corneal stroma [67]. However, with development of newer
illumination techniques, this is not generally seen but rather that the
backscattered light is more pronounced from the anterior portion of the
cornea (see Figs. 5 and 6).

The Pentcam system (Oculus GmbH, Wetzlar, Germany) provides a
topical graphical map (Fig. 6, top right; the Cornea Densito Average)
and a set of numbers in gray scale units for different locations (Fig. 6,
middle right, Corneal densitometry annulus and layer averages).
Overall, therefore, the Pentacam instrument can be set up so as to assess
the amount of backscattered light in the form of arbitrary density units
(called gray scale units, GSU), i.e. with no detectable backscatter, the
reported density would be zero with the top end to the scale being 100.
This principle underlies the assessment of corneal densitometry with
the Pentacam imaging system, that can assess corneal thickness at the
same locations as backscattered light is assessed. For this newer ap-
plication of Scheimpflug imaging, a special type of rotating illumination
is projected onto the cornea and is considered useful to reduce varia-
bility in the corneal profile that can be seen. This is because very large
numbers of measurements are made to define the location of the
anterior and posterior surfaces [28,29], i.e. overcoming the alignment
difficulties noted in earlier studies on corneal light scattering [16].

It is very important to note that the value reported for the so-called
‘anterior densitometry’ is not a simple measure of epithelial light scatter
but rather is of the backscatter data derived from the anterior 120 μm
(0.120mm) of the corneas. This anterior zone comprises just over 1/5th

of the expected average thickness value for the central region of a
healthy human cornea (i.e. the 0.535mm value generated from ana-
lyses of data from 300 different reports on white (Caucasian) eyes [39])
but is set at the same value regardless of the central corneal thickness
(CCT) value. There are three inter-related aspects of this anterior zone
selection that need to be considered.

Firstly, the anterior zone selected in the Pentacam system extends
well beyond the actual corneal epithelium, for which measurements by
OCT indicate a thickness of c. 45 to 50 μm (i.e. 0.045 to 0.050mm)
[30,68]. Secondly, this 120 μm (0.120mm) zone selected for the central
corneal region is presumably reasonably constant (in terms of the in-
strument’s ability to define different optical layers within the cornea)
but regardless of this it will represent a variable proportion of the total
thickness value according to an individuals actual CCT value. So, for
example, in the meta-analysis of published data on white (Caucasian,
no-Asian) individuals it was estimated that normal CCT could be any-
where between 0.475 and 0.597mm (based on 1.96 SD for the averaged
CCT value of 0.535mm) [39]. The anterior 0.120mm zone could thus
represent between 25 and 20% of the total CCT as a first approximation.
This is the case because CCT is more usually taken to be a point value
(including with the Pentcam, where this is over a region of just 0.5 mm
diameter) and may be the same ‘size’ as the densitometry value in-
dicated on the ‘Cornea Densito Average’ topographic map. In contrast,
the optical densitometry central zone for which the annulus data is
generated is 2mm in diameter. Thirdly, the issue of the relative con-
tribution made by the anterior aspect of the cornea is even more
complex once non-central regions are considered. Modern-day optical
imaging of the cornea with the Orbscan or Pentacam systems have
provided compelling evidence that there are predictable increase in
corneal thickness when comparing mid-peripheral and peripheral lo-
cations to the central region [31,69]. While different investigators have
not always used the same approaches to calculate the progressive
thickening of the peripheral cornea, the results are generally consistent
and so it is important to recognize that essentially nothing is known
about the transition from ‘anterior’ to middle to posterior aspects of the
cornea from a structural and ultrastructural perspective. So, for ex-
ample, the ‘anterior stroma’ considered in electron microscopy-based
modelling studies on light scattering was based on measures made of
fibrils immediately underneath the epithelium [8] and so is very dif-
ferent to the variable anterior 0.120mm layer assessed by the

densitometry measures in the Pentcam.
Overall, for normal adults, the measured densitometry (based on

very low amounts of backscattered light) is expected to be low [28], but
in the presence of acute bacterial keratitis [28] or in substantial corneal
clouding diseases such as mucopolysaccharidosis (MPS) [70] Pentacam-
based studies have revealed substantial increases in corneal densito-
metry values where distinctive and substantial haze in the cornea is
evident clinically. While it might well be argued that one does not need
a Pentacam-type system to facilitate diagnosis of such diseases, sensi-
tive quantitative measures of the optical density of a corneal graft (in an
MPS patient) could be very useful to establish – at the earliest oppor-
tunity – whether or not the dystrophy was recurrent. Such sensitivity to
objective optical measures should also be relevant to assessing the long-
term effects of contact lens wear on the cornea.

Corneal thickness differences or changes are a possible character-
istic of adjustment to contact lens wear [4,34–37,45,46,63,75,76], but
any one consequence of long term contact lens wear could be the de-
velopment of discrete opacities [54–62]. Such effects may be very re-
gional, e.g. affecting more the posterior stroma rather than the anterior
stroma. Therefore, a general question can be asked as to whether these
might be detectable with the Pentacam and how these might relate to
any differences in corneal thickness. The literature on this is rather
scant with inconclusive results reported [71–74]. The possible asso-
ciation between these two variables could be important with, for ex-
ample, an increased densitometry being a predictable consequence of
the development of discrete opacities in the corneal stroma (with pos-
terior striae perhaps also evident). However, a case could also be made
that if there was substantial oedema then the overall number of opa-
cities per unit area could be lower as they would be more spread out.

6. Summary and conclusions

This review will hopefully provide a useful summary of the changes
in perspectives on corneal transparency, especially in relation to its
subjective and objective assessment in contact lens wearers. There has
been interest in the assessment of corneal transparency and / or the
development of oedema for over 50 years and a recurrent issue has been
the localization of the swelling and its structural (anatomical) cause.
This issue is still unresolved with there having been quite considerable
differences in literature reports linked to this. A user-friendly option
(for the clinician in routine practice) is now available to assess changes
in optical transparency with contact lens wear and even on its location.
The instrument output is very substantial with details available for the
reduced transparency (as increased densitometry) across a small central
region as well as from the mid-peripheral and even peripheral cornea.
Furthermore, such densitometry assessments can also be optically-
segmented into layers so that either the anterior or posterior trans-
parency can be objectively assessed. At the present time, there are no
obvious guidelines available on whether only selected data should be
provided in such assessments, as opposed to simply reporting all of the
output in full detail. It remains to be established how any regional
differences in optical densitometry can be related to other instrument-
or patient-related assessments of changes in optical transparency of the
cornea. Clarification of any such possible inter-relationships will also
require systematic assessments to be made of each aspect of the re-
ported densitometry data to establish, for example, which are the most
predictable and reproducible.
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