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Abstract: Keratoconus is an eye disease that distorts the shape of the cornea. This study aimed to
analyze the effect of an increase in intraocular pressure applied to eyes with different severity of
keratoconus disease using patient-specific models. Finite element models of the normal eye, eye
with keratoconus, and eye with keratoglobus were constructed. The loading conditions considered
the intraocular pressure increment as well as their physiological intraocular pressure. The analysis
was performed with distinct materials for normal and keratoconic eyes. The finite element analysis
revealed differences in the three models in terms of their deformation and maximum principal
stress, and differences were observed in corneal curvature and thickness. These findings could
enhance research in the biomechanical area, leading to more successful treatment options and a
more individualized approach in the field of practical ophthalmology. Further investigation with
larger sample sizes and more precise data on eye material would allow us to evaluate whether these
disparities could inform the diagnosis of keratoconus.

Keywords: keratoconus; 3D model; pentacam®; ectasia corneal; finite element; biomechanics; eye;
deformation

1. Introduction

The cornea is a transparent, convex structure that forms the front and outer parts of
the human eye. It is located on the anterior surface of the eyeball and is an essential part of
vision, as it plays several crucial roles in the visual process [1]. One of these functions is
to protect the eye from factors such as dust and germs and to control the entry of light [2].
However, for the cornea to achieve its goal, it must be transparent, and it is imperative
to maintain adequate curvature [2]. The morphological characterization of the cornea
is key in clinical practice because it is pertinent to visualize the changes in the cornea
that could affect the visual quality of patients, the evolution of the disease, the diagnosis,
and subsequent treatment in certain ocular pathologies [3].

Keratoconus is an ocular pathology that occurs in the cornea of the eye, produces
image distortion, and progressively reduces vision. It is a bilateral, non-inflammatory
corneal ectasia that causes myopic astigmatism and decreased visual acuity [4]. This
degenerative disease arises from a constant thinning of the thickness of the cornea in the
central and paracentral areas, in addition to a change in the normal spherical curvature of
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the eye, thus creating a cone-shaped cornea [5]. The onset of this disease commonly occurs
in only one eye, whereas the other remains normal. There have been keratoconus cases in
which patients reported decreased visual acuity, frequent lens changes, image distortion,
and varying degrees of contact lens discomfort early in the disease [6]. Keratoconus is
affecting more and more people around the world, especially in places with high exposure
to ultraviolet rays, such as Ecuador. This pathology produces a high level of astigmatism
that hinders clear vision. In addition, severe cases of this disease may require a surgical
procedure of corneal transplant due to the opacity generated by corneal ectasia [5]. This
condition has been the focus of several studies due to its severity in the human eye; hence,
several methods have been developed to characterize this pathology. Some methods are
as non-invasive as possible, avoiding the use of anesthesia or having direct contact with
the eye during the integral characterization of the corneal topography [7]. Ophthalmologic
examinations, such as corneal topography and optical coherence tomography (OCT), that
map the surface and internal structure of the cornea are typically used for early diagnosis [8].
Early treatment, such as rigid contact lenses, can help correct vision in the early stages
of the disease, while corneal transplants are an option in severe situations, as this can
considerably improve the patient’s vision and quality of life [8].

Pentacam® is capable of capturing data from the surface of the anterior cornea to
the posterior capsule of the lens [9]. This camera provides sharp and bright images,
improving image quality compared to other optical cameras [10]. Pentacam® provides
data on anterior and posterior corneal topography, elevation maps, pachymetry, 3D camera
analysis, intraocular pressure (IOP), and many other parameters to support the diagnosis
and subsequent treatment of the disease [11].

This work proposes a three-dimensional approach to investigate the biomechanics of
the eyes affected by keratoconus, thus showing the creation process of geometric models for
patients with ectasia in the case of keratoconus type, keratoglobus, and a non-pathological
eye. The strategy for this study was to create a realistic customized 3D model, as it provides
accuracy in how certain geometric aspects of the cornea influence the biomechanics and
progression of the disease. With these aspects, it was possible to build an investigation
using the data of the examination of patients from an authorized database in the form
of point clouds exported by Pentacam®; Rhinoceros® processed these points to build the
3D models.The model was executed in ABAQUS®, in which a finite element analysis
was performed [12]. The objective was to simulate the behavior and deformation of
corneas under a defined load for comparison with a healthy cornea model. Insights
from this study could help develop more research in the biomechanical area, leading to
more successful treatment options and a more individualized approach in the field of
practical ophthalmology.

2. Materials and Methods

The analysis was performed on data from three patients with different severities:
normal, keratoconus, and keratoglobus. The data for the three eye models were obtained
from demonstrative material of OCULUS Pentacam® that was available for use with a
license provided by a distributor, ANDREC. Moreover, this type of demonstrative material
has been used in previous publications [13–17]. The method of selection of the patients
consisted of two main criteria: they were chosen if the eyes presented the disease, either
keratoconus or keratoglobus, or if they were normal, and they were excluded if they had any
other condition (e.g., glaucoma), since this could interfere with the results. Other variables,
such as social group, demography index, and other clinical features, were not available due
to the anonymization of the data. Furthermore, despite these efforts, the sample size could
not be increased due to a lack of data in the authorized database, which limited the use of
statistical tools.

To make the 3D model of these eyes, the following is needed: (i) a cloud of points
belonging to the anterior and posterior surface of the cornea, (ii) reconstruction of the
surface, (iii) solid modeling, and (iv) biomechanical analysis: finite element method.
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2.1. Pentacam®

Pentacam® is a 360-degree rotating Scheimpflug camera that takes about two seconds
to generate an image of the anterior part of the eye [18]. It provides topographic data on
the posterior and anterior corneas. The anterior and posterior elevations of the cornea can
be mapped relative to a standardized reference shape, such as a circle or ellipsoid [19].

2.2. Point Cloud

In the demo, there are data on the points of the anterior and posterior parts of the
cornea. This point cloud is in the format of geometric coordinates x, y, and z. However,
in some cases, the data are usually in polar coordinates; thus, it is crucial to transform
them into Cartesian coordinates to establish the surface. The point cloud represented the
topography of the anterior and posterior cornea; then, this point cloud was sent to the
Rhinoceros® v7.0 software, where the data were imported. There were 19,881 (141 × 141)
points for each corneal surface. Data were imported in a .csv file, and with the help of Excel
tools, the variables were ordered to allow Rhinoceros® v7.0 to read the file.

2.3. Rhinoceros®

The .csv files containing the point clouds for the anterior and posterior faces of the
cornea were then imported to the Rhinoceros® v7.0 software. Following the method
described in [9], a surface was created from the set of points using the interpolation method
embedded in the Patch function of this software. There were 141 surface segments for both
directions (u, v) for 19,881 (141 × 141) points. Since the surface was formed as a square,
it needed to be given a cornea-like shape by cutting the patch into a cylinder of a 4 mm
radius with a center at the origin [20]. Although it was cut in an unnatural cylindrical
shape, the model still mimicked the unique topography of the patient. This resulted in the
solid 3D model used in ABAQUS® Figure 1. The model was then split in half to contrast
the topography of the keratoconus corneas from different stages with a normal cornea, thus
showing a side view that exposed the differences between their corneal thickness and how
they were distributed Figure 2.

Figure 1. Description of the process of construction of the solid model (right cornea): (a) point clouds
of the anterior and posterior surfaces of the cornea. (b) square-like surfaces obtained from the point
clouds. (c) cylinder that sliced the surfaces to match its circular form, and (d) final stage of the
3D model.

2.4. Abaqus®: Undeformed Geometry and Finite Elements Analysis

To perform finite element analysis, it is necessary to know the mechanical properties
of the material used. In this case of the cornea, it is a challenging task to complete because
it is a live tissue that is not likely to be uniform [21]. However, because it is a matter of
great importance for the development of new applications, some studies have attempted to
model corneas’ material behavior using different approaches [22]. By conducting in vivo
tests, some studies have attempted to model the cornea numerically, including linear, as in
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elastic models, nonlinear, as in viscoelastic models [23], or hyperelastic [3,24,25] materials.
Others have described the cornea as anisotropic due to the collagen fibers’ particular
distribution [26,27].

Figure 2. Side view of the keratoconus cornea.

For this model of the cornea, we considered isotropic hyperelastic materials for
nonpathological and keratoconus eyes described in [24] as second-order Ogden mod-
els, with specific constants due to their computational simplicity and material data that
were more readily accessible [24]. The incorporation of anisotropic materials is beyond the
scope of this study.

Boundary conditions for this model were placed at the edges of the cornea with respect
to the horizontal axis; it is of interest to mention that the model was constrained against
displacement and rotation (Figure 3) [28]. In addition, the mesh used for these models was
hexahedral and had a lineal geometrical order. The seed size was 250 µm. This meshing
resulted in the normal model having 4524 elements and 5910 nodes, the keratoconus cornea
with 3285 elements and 4584 nodes, and the model for keratoglobus with 3504 elements
and 4876 nodes (Figure 4).

Figure 3. Boundary condition of displacement and rotation applied to the edge of the cornea model.
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Figure 4. (a) Meshed model of the left keratoconus cornea, (b) results of the finite element simulation
for the magnitude of displacement of the nodes.

Concerning the loads that were taken into consideration for the simulation, this study
contemplated that since the model was based on in vivo data collection, it was already
deformed by forces such as normal IOP or atmospheric pressure. An important part of
simulating a patient-specific cornea is retrieving the undeformed geometry related to the
unstressed state. The data obtained from the Pentacam correspond to a physiological state
in which there are already forces acting upon the model. The most significant would be
IOP, which varies among patients. In this work, the recovery of undeformed geometry was
preferred over the pre-stress state. In this matter, the cornea models were subjected to suc-
cessive analysis under physiological IOP (normal = −1.8 mmHg; keratoconus = 7.1 mmHg;
keratoglobus = 13.9 mmHg), as described in [26], in which the first set of coordinates were
the physiological corneas:

1. The IOP was applied to the internal surface of the cornea.
2. The resulting deformation was subtracted from the physiological state, thus creating

a new set of coordinates.
3. The new set of coordinates was compared to its predecessor by the magnitude of the

difference in their sequential coordinates.
4. The first three steps were iterated until the magnitude was smaller than the defined

tolerance (5% of the minimum thickness of that cornea).
5. The obtained undeformed geometry was used to conduct further simulations.

The physiological IOPs were applied as a load to the obtained models. Simultaneously,
this simulation worked with the IOP variation in the eye experiences throughout the day
of approximately 1.5 mmHg or 199.984 Pa [28] to compare how different corneas would
behave in the same increment of IOP. The model units were micrometers, and the coherent
unit for pressure was GPa; thus, the load was applied as 1.999984 × 10−7 GPa. The same
was true for the IOPs. These loads were applied to the posterior surface of each cornea,
as shown in Figure 5. The analysis in ABAQUS® was performed using these data (Figure 4).
The nonpathological, keratoconus, and keratoglobus cornea contour maps were compared
to identify their differences. Further, the means of the magnitude of displacement and
principal maximum stress were obtained to compare the three levels of disease severity.
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Figure 5. The direction of the applied load (IOP variation).

3. Results
3.1. Results for a Model with Deformation Parameter

Depending on the geometry of the crystalline surface, it is possible to calculate the
deformation that introduces an oscillating-traversing wavefront. In particular, we can
obtain corneal deformation in ectasia [20,29].

In the color maps showing the magnitude of the displacement of the nodes for each
model presented in Figure 6, the keratoglobus case shows the highest values in the central
corneal zone out of the three patients; keratoconus patients showed lower magnitudes
than the keratoglobus in the leading site but higher than in the non-pathological case.
The model for the average eye showed the lowest displacement values for the same area.
The graphic results clearly show how different the three models deform when the load
condition is applied.

Figure 6. Results obtained in ABAQUS® of the different models using the deformation parameter.

The maximum registered deformation is of the keratoglobus with 1.47 × 102 GPa,
which occurs in the central zone. The value of the maximum absolute deformation of
keratoconus is 9.265 × 101 GPa and appears in the centre area. Table 1 presents an average
comparison of the displacement.
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Table 1. Comparison of displacement means of the nodes of the model (deformation of the cornea)
for the three levels of severity.

Disease Severity Mean Deformation (µm)

Normal 1.07 × 101

Keratoconus 4.04 × 101

Keratoglobus 5.41 × 101

3.2. Results for a Model with Maximum Principal Stress Parameters

For the maximum principal stress model presented in this article, the most severe
maximum prevalent stress concentrations appear only in the case of the keratoglobus.
For the case of average severity, the highest value of principal stresses occurs in the extreme
lower temporal area of the cornea. The highest stress value appears in the outer superior
temporal space for keratoconus. The most elevated maximum stress occurs at the upper
nasal end for the third model, the keratoglobus. The maximum pressures mentioned above
can be seen at the bottom of Figure 7, where the stresses for the healthy model are observed.
The other two models appear in the upper part, both keratoconus, and keratoglobus,
with their respective tensions. The units of the stresses are in GPa.

Figure 7. Results obtained in ABAQUS® of the models for: (a) normal cornea, (b) keratoconus cornea,
and (c) keratoglobus cornea, using the max. principal stress parameter.

The maximum principal stress recorded is of the keratoglobus with 1.15 × 10−4 GPa,
and this occurs in the area of the upper nasal ends. The absolute value of the maximum
principal stress of keratoconus is 7.84 × 10−6 GPa and appears in the upper temporal area.
Table 2 presents an average comparison of the top strains developed.

Table 2. Comparison of maximum principal stress registered means on the nodes of the model for
the three levels of severity.

Disease Severity Mean Max. Principal Stress (GPa)

Normal 2.26 × 10−7

Keratoconus 3.17 × 10−6

Keratoglobus 5.64 × 10−6

3.3. Results for Model with Variation in Corneal Curve

Corneal curvature, described by the corneal radius (R), did not vary; it remained at
10 mm for the corneas (normal and keratoconus-type ectasias), but there was a difference in
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the thickness of the corneas. We obtained a maximum thickness of 900 µm and a minimum
thickness of 593 µm in the normal cornea. By contrast, the cornea with keratoconus-type
ectasia has the following thicknesses: maximum thickness, 703 µm; and minimum thickness,
361 µm. However, the keratoglobus had a maximum thickness of 500 µm, and the minimum
was 137 µm. Figure 8 shows the corneal trend difference (Table 3). However, the linearity
of the material resulted in a lower estimate than that of the normal cornea. This is mainly
because the bending effects are much more pronounced with linear material [30]. Figure 8
shows that an unaffected cornea with a radius of 10 mm is presented in the upper part.
The simulation was carried out for a linear model of hyperelastic material. The results
are shown in Figure 8. As in the two previous parametric studies, the deformation and
geometry of the IOP were taken into account. Having different thicknesses between the
different corneas and more in the keratoglobus, the corneal curvature increased due to
keratoconus-type ectasia, with reduced structural resistance. As shown in Figure 8, there
was thinning in the white/transparent part of the simulation and deformation models.
Further, there was no linearity in the cornea and the aqueous humor in the keratoglobus;
that is, there was damage that needed urgent treatment in these areas. The changes in the
corneal radius (R) were slightly more pronounced with an increase in the rigidity of the
material, as well as with ectasia, which, in this case, was of the keratoconus type [31].

Figure 8. Results obtained from the different models of the variation in corneal curve.

From Figure 8, we can collect the deformation in the variation of the curvature of
the cornea. In the upper part of the common condition, it is possible to appreciate an
utterly healthy eye. Next, the keratoconus is slightly elevated in the white/transparent
part. Finally, keratoglobus has a total deformation in the curvature of the cornea and a
non-linearity between the cornea and the aqueous humor. Table 3 presents a comparison of
curvature values of the cornea of each case with its maximum and minimum value.
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Table 3. Corneal curve registered on the nodes of the model for the three levels of severity.

Disease Severity Corneal Curvature
Maximum (µm)

Corneal Curvature
Minimum (µm)

Normal 900 593
Keratoconus 703 361
Keratoconus 500 137

4. Discussion

The Pentacam Scheimpflug camera has become a useful tool for doctors treating
eye diseases. This software allows evaluation of the structure, differences in foreign
bodies, and corneal lesions. Although its use is becoming more frequent, studies using
finite element analysis have not yet been carried out using the camera to determine the
consequences of keratoconus ectasia in the eye [32]. Knowing the parameters as ectasia
progresses is essential; thus, applying an individualized 3D model can increase confidence
in the results to more accurately differentiate the different stages of the condition. In this
study, we had access to some parameters, such as clinical symptoms of patients, diagnostic
process, or elaboration of the methodology, treatments, and their results, as indicated in
Table 4. Therefore, developing a finite analysis of elements enhanced the reliability of the
results. However, it is necessary to establish certain assumptions to allow for the creation
of more advanced technologies for the detection of this type of ectasia.

According to [20], the maximum principal stresses were in directions (i = 1, 2, 3).
The post-surgical stressed corneal tissue volume obtained was two times more significant
than in the pre-surgical configuration. This causes the probability of corneal stiffness to
be derived as a quantification of the overall increase in corneal stresses. On the other
hand, ref. [20] used a predictive finite element ocular model to analyze explosions from
24 different locations, resulting in 96 simulations; maximum principal stress (MPa) in the
corneoscleral obtained that the maximum principal stress reached 10.22 MPa.

Table 4. Related work for the keratoconus symptoms, diagnostics and treatments.

Authors Clinical Symptoms Diagnostic Process Treatment Modalities Outcomes Ref.

Falgayrette (2023)

Healthy patient.
In vivo test.

Pachymetry of 500 µm,
corneal height of
3.4 mm, vertical

diameter 10.7 mm and
horizontal diameter of

11.8 mm.

It was used in Abaqus
to simulate

finger-eyelid contact
over the cornea in

the study.

A photooxidative
collagen crosslinking

treatment was
performed.

Normal IOP of 34 µm,
corneal weakening of

97 mm. Thicknesses in
516 and 453 µm in

healthy corneas and
297–494 in

keratoconus.

[33]

Feizi (2014)

TCC and PCT were
measured in 88 mm

eyes of 88 mm
candidates for

refractive surgery and
128 mm eyes of 69 mm

keratoconic patients
with pachymetry.

The same analyses
were used to assess the

agreement between
Galilei and Orbscan II
for PCT measurement.

-

In the normal group,
the mean TCC was

551.0 ± 39.4,
566.9 ± 33.5 and
565.5 ± 40.9 µm

measured by ultrasonic
pachymetry.

[34]

Wallang (2013)

Patients with clear
corneas and dropsy,

high myopia, irregular
astigmatism poor

vision and difficult
corrective treatment.

Keratoglobus begins at
birth, while

keratoconus develops
around puberty and

can progress into
age 40.

The use of contact
lenses has

been described,
but non-invasive

techniques are still
being sought due to

possible risks.

Keratoplasty of 16% by
this technique. Details

about a on a
case-by-case basis,

as in the single case
of Keratoglobus,

not reported.

[35]
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Table 4. Cont.

Authors Clinical Symptoms Diagnostic Process Treatment Modalities Outcomes Ref.

Ours (2023)

Patients in anonymous
conditions, their year of

birth is known, no
gender information or

more data can be
obtained. However,

POIs of
(normal = −1.8 mmHg;

keratoconus = 7.1 mmHg;
ker-

atoglobus = 13.9 mmHg)
are obtained.

The diagnostic process
was carried out with 3D

modeling, with a
subsequent finite
element analysis.

Normal eye maintains
light care. Keratoconus
may be appropriate for
the use of rigid contact

lenses or perhaps
surgery. Finally, there is
no cure for keratoglobus,

but there may be
a treatment.

The results were as
follows in terms of

deformation: (Normal:
1.07 × 101, Keratoconus:
4.04 × 101, Keratoglobus:
5.41 × 101. While in max
main stress was obtained

(Normal: 2.26 × 10−7,
Keratoconus:
3.17 × 10−6,
Keratoglobus:
5.64 × 10−6).

-

This paper presents three finite element models of the eye with keratoconus-type
corneal ectasias by level of severity. The first model analyzed a normal eye, the second an
eye with corneal ectasia of the keratoconus type, and the third model with the keratoglobus
type. When the principal maximum stress exceeded 3.25 × 10−7 [36], the presence of
keratoconus was obtained but without indication of the level. In the keratoconus model,
the main maximum stress was located in the upper temporal area. With an active ker-
atoglobus, control of the main maximum stress was lost, which could become a surgical
procedure. The main routine maximum stress with keratoconus-type corneal ectasia is
3.82 × 10−7 GPa [36], and this value is smaller than the reported stresses in this paper
(3.17 × 10−6 GPa; Figure 9). This indicates that the non-concordance of values may be due
to the geographical location of the patient.

Figure 9. Comparison of maximum principal stress parameters identifying the mean/average of the
different models described in this paper.

Researchers in [37] reported that cases of flat corneas (20.00 D to 41.50 D) have been
present since the beginning of the last century and are linked to genetic alterations; therefore,
it is essential to find adequate methods to diagnose these pathologies. According to a
corneal topographer investigating corneal curves [38], the topographic image of a clinical
case of corneal curvature shows a small-diameter ectasia, which is better defined in the left
eye. For such cases, it would have been convenient to spend more time without glasses,
but the patients’ vision without glasses was too low. In the topographic image, curvature
values were found in the central area close to 63.00 D and 300 mm of curvature [39,40].
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This is classified as grade IV keratoconus according to the Amsler Krumeich scale, and it
produces high corneal eccentricity in areas of ectasia [40].

The current methods for keratoconus diagnosis are keratometry and photo and video
keratoscopy, and they have proven efficient [41,42]. This paper presents two models of
keratoconus-type ectasia with different degrees or severity and a healthy model. In the
first healthy model, we observed a curvature that varied between 593 mm and 596 mm
in the apical area. However, in the second and third models, which already presented
corneal ectasia, we had to consider the different levels of severity based on the corneal
radius (mm). All corneal radius curvatures are 4 mm [43]. In our study, we observed
statistically significant differences in the amplitude of the anterior chamber between the
three groups—normal patients with keratoconus and keratoglobus—as well as in the
dimensions, with an increase in the same order in an anteroposterior direction (Figure 10).
Recent studies have also compared changes in this variable between similar study groups.
In some cases, no significant difference was found, while in others, the behavior of the
curve was observed.

Figure 10. Corneal curvature parameter variation comparison, where it is possible to identify the
curvature of the different models used in this article and, at the same time, its severity level in
each case.

Finally, these models have significant differences regarding deformation and maxi-
mum principal stress. According to the simulation, there were differences in the reactions
of the three eyes when their natural pressure was applied, even between keratoconus and
keratoglobus, in which the material used was the same so topography could have played
a part in how the model reacted to the load. The outcomes of these simulations suggest
that this method could potentially distinguish a keratoconus eye from a regular eye in
diagnosis. Comparing a nonpathological eye with the suspect or even the keratoconus
suspect eyes studied months apart could lead to noticeable differences that would help
with diagnosis (Figure 11). Future studies should include numerous cases to support the
claim that the studied parameters would actually be valuable for diagnosis compared to
current methods [44–46].
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Figure 11. Deformation parameter comparison, where it is possible to identify the mean average of
the different models used in this paper.

5. Conclusions

Values obtained in the ABAQUS® 2021 software indicate how the tensions act on each
cornea model. In this study, the relevance of 3D geometric models to demonstrate and
treat corneal ectasia can be noted, as these models could provide remarkable information
in ophthalmology to achieve better treatment of ocular pathologies. In this research work,
we observed that the three corneal models reacted differently when applying IOP. Fur-
ther, when the principal maximum stress exceeded 3.25 × 10−7, there was the presence
of keratoconus, and the principal maximum stress was found in the superior temporal
area of the cornea. The keratoglobus model showed a loss of control of the maximum
primary effort, which makes it a surgical procedure. The curvature of each model did
not show any similarity; the normal model had an almost perfect curvature, while the
keratoconus inclined toward linearity, which is due to the structural resistance that wears
away. However, the most chronic was the model with a keratoglobus, since the curvature
did not maintain a sequence but instead had points sprinkled on all sides. This model did
not show a direction toward the normal model when curvature was applied. However,
a comparison of the thickness in the corners of each one revealed a difference, with the
normal cornea showing higher values than the corneas with ectasia. These findings imply
that when there is a difference in thickness between the different corneas, with more in
the left eye, the corneal curvature increases due to keratoconus-like ectasia, resulting in
decreased structural strength. Analyses conducted ABAQUS® with the three cornea mod-
els presented the keratoglobus model with the highest values of exile in the central zone,
followed by the cornea model with keratoconus. The model of the normal cornea showed
lower displacement values. We also observed that the keratoglobus model displayed
a maximum strain value of 1.47 × 102 GPa, which was found in the central area of the
commissures. In the case of the keratoconus model, it presented a value of the maximum
absolute deformation of 9.265 × 101 GPa, which was located in the superior temporal area
of the cornea. The keratoglobus model presented greater severity than the keratoconus
model, which presented medium severity.
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