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Evaluation of Age-Related Changes in Corneal Parameters
Using Scheimpflug Imaging: A Prospective Clinical Study

Scheimpflug Goriintiilleme Teknigi Kullanilarak Yasa Bagh
Kornea Parametrelerindeki Degisikliklerin Degerlendirilmest:

Prospektif Klinik Calisma

Mustafa DURAN?

*Clinic of Ophthalmology, Hitit University Erol Olgok Training and Research Hospital, Corum, Tiirkiye

ABSTRACT Objective: To determine the changes in corneal param-
eters of the normal population with age using corneal topography. Ma-
terial and Methods: This prospective study included 275 right-eye
measurements from a total of 275 healthy participants. The participants
were divided into 4 groups according to their age: 6 to 20 years (Group
1), 21 to 40 years (Group 2), 41 to 60 years (Group 3), and over 60
years (Group 4). Central corneal thickness (CCT), central 10 mm
corneal volume (Cvol), keratometry (K) values, corneal astigmatism
(Ast), and axis values obtained with a Sirius topography device were
recorded. Results: The mean age of the participants was 35.94+21.04
(range 6 to 77). There was a significant difference in CCT, Cvol, and
Ast measurements between the groups (p<0.001). Regression analysis
found a decrease of 4.6 pm in CCT and 0.6 mm3 in Cvol for every 10
years. There was a significant negative correlation between age and
CCT and Cvol (r=-0.281, r=-0.336, respectively). There was a statisti-
cally significant change in the astigmatic axis values in accordance with
with-the rule (WTR) and against-the rule with age. There was a signif-
icant difference in overall and Group 1 and 2 K values in the evaluation
according to sex. Conclusion: CCT, Cvol, and Ast values decrease sig-
nificantly with age. Axis values shift from WTR to against-to-rule with
age. Knowledge of these changes can help in the prediction of the long-
term results of corneal diseases, ophthalmic operations, and intraocu-
lar lens power calculations.

Keywords: Central corneal thickness; corneal volume;
keratometry values; corneal astigmatism

OZET Amag: Bu calismanin amact, yasla birlikte normal popiilasyo-
nun kornea parametrelerinde meydana gelen degisiklikleri korneal to-
pografi kullanarak belirlemektir. Gere¢ ve Yontemler: Bu prospektif
calisma toplam 275 sagliklt katilimeinin 275 sag goz dlgtimlerini iger-
mektedir. Katilimeilar yaslarma gore 4 gruba ayrildi: 6-20 yas (Grup 1),
21-40 yas (Grup 2), 41-60 yas (Grup 3), 60 yas tizeri (Grup 4). Sirius
topografi cihazi ile alinan santral kornea kalinligi [central corneal thick-
ness (CCT)], santral 10 mm korneal hacim [corneal volume (Cvol)],
keratometri (K) degerleri, korneal astigmat [corneal astigmatism (Ast)]
ve aks degerleri kaydedildi. Bulgular: Katilimcilarin ortalama yaslar:
35,94 (aralik, 6-77 yas) idi. Gruplar arasinda CCT, Cvol ve Ast 6l-
¢limlerinde anlaml fark mevcut idi (p<0,001). Regresyon analizinde
her 10 yil i¢in CCT’de 4,6 um, Cvol’de 0,6 mm3 azalma bulundu.
Yasla CCT ve Cvol arasinda anlaml negatif korelasyon vardi (sira-
styla, r=-0,281, r=-0,336). Diiz K degerinde Grup 2 ve 3 arasindaki
farktan kaynaklanan anlamlilik mevcut idi. Yasla birlikte kurala uygun
ve kurala aykir1 astigmatik aks degerlerinde istatistiksel olarak anlaml
degisiklik var idi. Cinsiyetle iligkili degerlendirmede tiim katilimeilar,
Grup 1 ve 2’de K degerleri agisindan anlamli fark mevcut idi. Sonug:
CCT, Cvol ve Ast degerleri yasla anlamli olarak azalmaktadir. Aks de-
gerleri yasla birlikte kurala uygun astigmattan, kurala aykir1 astigmata
kaymaktadir. Bu degisimlerin bilinmesi cerrahi girisimlerin, goz i¢i
lens giicii hesaplamalarinin, kornea hastaliklarinin, uzun dénem so-
nuglarmin tahmin edilebilmesinde yardimei olabilir.

Anahtar Kelimeler: Santral kornea kalinligi; kornea hacmi;
keratometri degerleri; korneal astigmat

With age, changes occur in all body tissues, in-
cluding the layers of the eye. Disorders such as
cataracts, age-related macular degeneration, and glau-

coma increase in frequency with age, with deteriora-
tion of the tissues in the eye. It is known that there
are changes in the corneal layers, such as steepening
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in keratometry (K) values or turning the astigmatic
axis from with-the rule (WTR) to against-the rule
(ATR) with age.'

The cornea is the tissue responsible for approx-
imately 2/3 of the refractive power of the eye.* There-
fore, corneal health and changes that may occur in
the cornea for various reasons (such as age) are im-
portant. Corneal parameters are used before and after
cataract surgery, for refractive surgery, and in the
evaluation of corneal disorders. While evaluating the
cornea, the central corneal thickness (CCT) and
corneal volume (Cvol) give us information about
corneal health. These parameters are especially im-
portant in terms of indirect evaluation of corneal en-
dothelial function before cataract surgery, evaluation
before refractive surgery, deciding which operation
to perform, and the follow-up of ectatic corneal dis-
eases. Accurate evaluation of intraocular pressure
(IOP) in glaucoma patients is important for follow-
up. While IOP may be incorrectly overestimated in
people with thick corneas, it may be falsely underes-
timated in those with thin corneas.>¢

K values are used in the calculation of intraocu-
lar lens (IOL) power and the detection and follow-up
of ectatic corneal diseases such as keratoconus.”*
Corneal astigmatism (Ast) and axis values, on the
other hand, guide us in deciding on toric IOLs for the
improvement of astigmatism in refractive surgery. In
recent years, it has been aimed to maximize postop-
erative visual acuity without glasses after these types
of surgery.’

In the present study, we aimed to find out what
changes occur in the cornea with age and how these
changes will affect our follow-up and operations,
with measurements obtained using Scheimpflug
imaging. We compared the measurements taken be-
tween the age groups and sexes.

I MATERIAL AND METHODS

This study was carried out prospectively in the oph-
thalmology department of Hitit University, Erol
Olgok Training and Research Hospital. It was per-
formed in accordance with the principles of the Dec-
laration of Helsinki. The study was approved by the
Clinical Research Ethics Committee (date: August
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25, 2022, no: 2022-73). Verbal and written consent
were obtained from the participants or their parents.
In the study, 275 healthy people who presented to the
ophthalmology clinic for examination were randomly
selected and right eye measurements were used. The
participants were classified according to age into
Group 1 (6-20 years), Group 2 (21-40 years), Group
3 (41-60 years), and Group 4 (>60 years).

Patients having a systemic disease (diabetes mel-
litus, coronary artery disease, lung disease) (except
hypertension), using systemic and topical drugs that
may affect anterior segment parameters, having a his-
tory of ocular surgery, having a diagnosis of ocular
disease affecting the anterior segment (such as dry
eye, pterygium, corneal disorders, glaucoma, diabetic
retinopathy), wearing contact lenses, having refrac-
tion values (spherical equivalence) of 3 diopters and
more, having Ast values of 3 diopters or more, or
having amblyopia were excluded from the study.

The best corrected visual acuities of the partici-
pants were evaluated by Snellen chart. Anterior seg-
ment examinations were performed with a slit lamp.
Without dilating the pupil, macula and optic nerve
examinations were performed with a +90 D lens.
Corneal topography was recorded with a Sirius to-
pography device (Sirius; Costruzione Strumenti Of-
talmici, Florence, Italy). If an acquisition quality of
>90% or better was detected, the topography images
were saved. Those with low acquisition quality were
not included in the study. In the corneal topography,
CCT, central 10 mm Cvol, anterior flat K1, steep K
(K2), mean K (Km), Ast, and axis values were used
in the study. Astigmatic axis values were grouped as
WTR (90430 degrees), ATR (180430 degrees), and
oblique astigmatism for the others. Measurements of
the participants were obtained between 10 am and 1
pm to minimize the influence on diurnal variation.

The parameters were compared statistically in
all participants and between groups. In addition, it
was evaluated whether there was any difference in
terms of sex.

STATISTICAL ANALYSIS

Statistical analyses were performed using SPSS ver-
sion 22 (SPSS, Inc., Chicago, IL, USA). The com-
patibility of the data with the normal distribution was
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evaluated with the Kolmogorov-Smirnov test. Nor-
mally distributed data were compared using one-way
ANOVA. Homogeneity of variances was evaluated
with Levene’s test. p<0.05 was considered significant.
When there was a significant difference between the
groups, pairwise post-hoc comparisons were made
using Tukey’s and Tamhane’s T2 tests. The groups
were compared using the Kruskal-Wallis test for data
that did not show normal distribution. Pairwise com-
parisons were made using the Mann-Whitney U test
and evaluated using Bonferroni correction.

I RESULTS

Of the 275 participants, 138 (50.2%) were male and
137 (49.8%) were female. The mean [+standard
deviation (SD)] age of the participants was
35.94+21.04. There was no significant difference be-
tween the groups in terms of sex. The mean age in
Groups 1 to 6, respectively, was 9.854+3.86 years
(range 6-20 years), 31.53+£5.67 years (range 21-40
years), 49.61+5.44 years (range 41-60 years), and
65.70+4.08 years (range 61-77 years) (Table 1).

The CCT, Cvol, K1, Ast, and axis values dif-
fered significantly between the groups (p<0.001,
p<0.001, p=0.028, p<0.001, p<0.001, respectively).
The significant difference in CCT was due to the dif-
ference between Group 1 and the other groups
(Groups 2, 3, and 4) (p=0.031, p=0.002, p<0.001, re-
spectively). The significant difference in Cvol was
due to the difference between Group 1 and Groups 3

and 4 (p=0.001, p<0.001, respectively) and Groups 2
and 4 (p=0.004). The significant difference in K1 was
due to the difference between Groups 2 and 3
(p=0.030). For Ast, the difference between Group 1
and Groups 3 and 4 (respectively, p<0.001, p<0.001)
and between Group 2 and Groups 3 and 4 (respec-
tively, p=0.007, p=0.001) was significant. There was
no significant difference between the other parame-
ters examined. Table 2 shows the mean, SD, and min-
imum-maximum values of the parameters (Table 2).
In the regression analysis, it was found that there was
a decrease in CCT of 4.6 pum/decade with age. CCT
had a significant but weak negative correlation with
age (r=-0.281, p<0.001). The regression analysis also
indicated that Cvol decreased by 0.6 mm?/decade and
was negatively correlated with age (r=-0.336,
p<0.001) (Figure 1).

Table 3 shows the distribution of Ast axis val-
ues between the groups in terms of WTR, ATR, and
oblique (Table 3). While the axis values were signif-
icantly different in Groups 1, 2, and 3, there was no
significant difference in Group 4 (p<0.001, p<0.001,
p<0.001, p=0.250, respectively). The change in WTR
and ATR astigmatism was significant with age, but
the change in oblique astigmatism was not significant
(p<0.001, p<0.001, p=125, respectively).

When all the groups were evaluated together
(overall), the K1, K2, and Km values were signifi-
cantly different (p<0.001, p=0.002, p<0.001, respec-
tively). When the age groups were examined

TABLE 1: Demographic characteristics of the participants.
Age (X£SD) Gender (M/F)

Groups n (Minimum-maximum) (%) p*

Group 1 86 9.85+3.86 43/43 1.000
(6-20) (50/50)

Group 2 58 31.53+5.67 27131 (46.6/53.4) 0.599
(21-40)

Group 3 87 49.61£5.44 40/47 0.453
(41-60) (46/54)

Group 4 44 65.70+4.08 28/16 (63.6/36.4) 0.070
(61-77)

Overall 275 35.94+21.04 138/137 0.952
(6-77) (50.2/49.8)

*Chi-square test; n: Number of participants; M/F: Male/female; SD: Standard deviation; Group 1: 6-20 years; Group 2: 21-40 years; Group 3: 41-60 years; Group 4: 61-77 years.
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TABLE 2: Comparison of corneal parameters between groups.

Parameter
CCT {um)

Cvol (mm?)

K1 (D)

K2 (D)

Km (D)

Ast (D)

Overall 275
542.55+34.14
(454-648)
57.3743.46
(49.6-66.9)
43.18+1.43
{40.07-47.85)
44.05+1.51
(40.54-47.85)
43.61£1.45
{40.37-48.31)
0.87+0.50
(0.07-2.94)

Group 1 (n=86)

555,99+35.29
(486-546)
58.80+3.45
(50.80-66.90)
43.30+1.26
(40.73-46.67)
44.28+1.40
(40.93-48.28)
43.78+1.31
(40.83-47.46)
0.99+0.46
(0.09-2.39)

Group 2 (n=58) Group 3 (n=87) Group 4 (n=44) p value
540.55+28.13 537.83+30.44 528.23+37.92 <0.001¢
(492-596) (467-627) (454-618)
57.56+2.81 56.85+2.95 55.34+4.00 <0.0012
(51.60-63.70) (50.60-63.60) (49.60-65.30)
42.68+1.55 43.35+1.53 43.28+1.24 0.028°
(40.07-45.98) (40.36-47.85) (40.24-46.17)
43.63+1.60 44.11£1.60 44.03+1.33 0.122°
(40.54-47.28) (40.76-48.78) (40.70-46.45)
43.15%1.56 43.721.55 43.65+1.25 0.0522
(40.37-46.62) (40.67-48.31) (40.47-46.31)
0.95+0.46 0.76+0.49 0.74+0.59 <0.001*
(0.34-2.51) (0.07-2.33) (0.17-2.94)

20ne-way ANOVA test; °Kruskal-Wallis test; bold: p<0.05; CCT: Central corneal thickness; Cvol: Corneal volume; K1: Flat keratometry value; K2: Steep keratometry value;
Km: Mean keratometry value; Ast: Corneal astigmatism; D: Diopter; Group 1, 6-20 years; Group 2, 21-40 years; Group 3, 41-60 years; Group 4, 61-77 years.
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FIGURE 1: Correlation plot and linear regression line between a) CCT b) Cvol ¢) Ast.
CCT: Central corneal thickness; Cvol: Cornea volume; Ast: Cornea astigmatism.

TABLE 3: Distribution of Ast axis rates between groups.
Ast
Groups WTR ATR Oblique p*
Overall 202 48 27 <0.001
73.5% 16.7% 9.8%
Group 1 80 4 2 <0.001
93% 4.7% 2.3%
Group 2 52 4 6 <0.001
82.8% 6.9% 10.3%
Group 3 59 19 9 <0.001
67.8% 21.8% 10.3%
Group 4 15 19 10 0.250
34.1% 43.2% 22.7%
p* <0.001 <0.001 0.125

*Chi-square test, bold: p<0.05; Ast: Corneal astigmatism; WTR: With-the rule;
ATR: Against-the rule; Group 1, 6-20 years; Group 2, 21-40 years; Group 3, 41-60 years;
Group 4, 61-77 years.
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independently, K1 values (p=0.006, p=0.040, re-
spectively), K2 wvalues (respectively, p=0.044,
p=0.036), and Km values (respectively, p=0.013,
p=0.029) differed significantly between Groups 1 and
2. There was no significant difference in Ast values
(Table 4). There was no significant difference be-
tween the sexes in terms of axis values (p=0.219).

I DISCUSSION

In the present study, CCT, Cvol, and Ast values were
found to decrease significantly with age. K1 values
differed significantly between Groups 2 and 3. Axis
values were changing from WTR astigmatism to
ATR astigmatism with age. When evaluated in terms
of sex, there was a significant difference in K1, K2,
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TABLE 4: Comparison of corneal parameters by gender within groups.

Paremeters Groups

Male

Female

p value

Cvol (mm®) Overall
Group 1
Group 2

Group 3

Group 4

K2 (D) Overall

Group 1
Group 2
Group 3

Group 4

57.10£3.71
(49.70-66.90)
58.8143.85
(50.80-66.90)
56.82+2.90
(51.60-61.30)
56.29+3.03
(50.60-63.60)
55.88+4.25
(49.70-65.30)

43.75£1.40
(40.54-47.52)
43.95+1.27
(40.93-46.92)
43.13£1.35
(40.54-45.84)
43.77+154
(40.76-47.52)
44.02+1.30
(40.70-46.13)

57.64+3.18
(49.60-66.90)
58.79+3.05
(53.20-66.90)
58.22+2.60
(54.60-63.70)
57.33£2.82
(51.00-63.50)
54.39+3.44
(49.60-58.60)

44.35£1.56
(41.0548.78)
44624146
(41.67-48.28)
44.07+1.69
(40.51-45.98)
44.40£1.61
(40.98-47.85)
44044142
(41.68-46.17)

0.1912

0.970°

0.0572

0.103¢

0.239°

0.044°

0.036°

0.085°

0.788°

Ast (D) Overall
Group 1
Group 2
Group 3

Group 4

0.88+0.51
(0.12-2.94)
1.020.44
(0.20-1.93)
0.8940.45
(0.34-2.39)
0.7620.51
(0.12-2.33)
0.7920.62
(0.21-2.94)

0.87+0.49
(0.07-2.51)
0.95+0.48
(0.09-2.39)
1.00£0.47
(0.37-2.51)
0.7740.49
(0.07-1.98)
0.6740.52
(0.47-2.42)

0.940°

0.434°

0.350°

0.885°

0.643°

alndependent samples test, "Mann-Whitney U test, bold: p<0.05; CCT: Central corneal thickness; Cvol: Corneal volume; K1: Flat keratometry value; K2: Steep keratometry value;

Km: Mean keratometry value; Ast: Corneal astigmatism; D: Diopter; Group 1, 6-20 years; Group 2, 21-40 years; Group 3, 41-60 years; Group 4, 61-77 years.
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and Km (overall and Groups 1 and 2). It was ob-
served that women had steeper corneas than men.

In studies evaluating CCT, the mean CCT was
found to be between 520 and 579 pm.'*!" In our
study, it was 542.5 um. Kazanci et al. showed that
the CCT was 541.5 pm (214 eyes, range 18-56 years)
in their study with the Sirius topography device in a
Turkish population.'> In studies conducted with
Scheimpflug imaging, the mean CCT in normal chil-
dren was found to be between 537 and 555 pum.!>!*
Similarly, in our study, we found a mean CCT of
555.99+35.29 in Group 1 (6-20 years). CCT may also
differ according to race. Aghaian et al. evaluated 6
different races in their study that included 801 pa-
tients, 23.2% of which were Caucasian, 19.6% Chi-
nese, 15.1% Japanese, 14.5% Hispanic, 14.2%
Filipino, and 13.4% African American. The mean
CCT of all participants was 542.9 pum. The group
with the thinnest corneas was the African Americans
(521.0.0 um), followed by the Japanese participants
(531.7 pm). No significant differences were found
between the Chinese, Caucasian, Hispanic, and Fil-
ipino participants (555.6, 550.4, 548.1, 550.6 pum, re-
spectively). The mean CCT values of the Turkish
population were similar to those of the Chinese, His-
panic, Caucasian, and Filipino populations and
greater than those of the Japanese and African Amer-
ican populations.”® There are many studies in the lit-
erature evaluating the change in corneal thickness
with age. Galgauskas et al., in their study with 211
Caucasian patients, showed that the cornea decreases
in thickness with age. However, they stated that the
CCT correlation with age was weak.'® Foster et al.,
in a study involving participants aged 10-87 years,
showed a decrease in corneal thickness of 5 um in
men and 6 pm in women every 10 years.'” Eballe et
al. reported a decrease in CCT of 4.2 um per 10
years.'® According to the regression analysis per-
formed in our study, the CCT decreased approxi-
mately 4.6 um with age (for 10 years). The weak
negative correlation of CCT with age has been shown
in our study and many others.'®!” There are studies
with different results for CCT comparison between
the sexes. The Beijing Eye Study with 3,251 partici-
pants showed that men have thicker corneas than
women.?’ Moreover, according to Suzuki et al., CCT
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was 521 pm in men and 514 pm in women.?! In con-
trast to these, in many studies no significant differ-
ence was found between the sexes in terms of CCT.
Lekskul et al. showed that there was no difference in
their study with 467 participants aged 12-60 years.®
Eballe et al. did not find a significant difference be-
tween men and women in terms of CCT in 970 eyes. '
In our study, there was no significant difference be-
tween the sexes (p=0.610). The reason for these dif-
ferences may have been the structural characteristics
of the participants or the different measuring instru-
ments used. In addition, it has been shown that while
CCT is lowest at the beginning of the menstrual cycle
in women, it is highest during ovulation.”> Hormone
levels may also have affected the measurements of
women during the study period.

Although Cvol is not a parameter studied as
much as CCT in the literature, we think it is impor-
tant in terms of showing corneal health. Prakash et
al. found mean Cvol to be 57.3 mm? and 58.1 mm? in
their study with 300 South Asian and 300 Arab par-
ticipants, respectively.”® Cevik et al., in their study
with 122 people, showed that the mean Cvol was
60.7 mm?.>* In our study, Cvol was 57.4 mm?®. It de-
creased significantly with age. This may occur due to
a decrease in the number of keratocytes and inter-
fibrillary distance with age.?>-® There was no signif-
icant difference in Cvol between the men and
women.

Among the studies examining K values, Vitalyos
et al. found a decrease in K1 and K2 values with age
in their study in which they included 35 volunteers
aged 14-67 years.”” Orucoglu et al., on the other hand,
showed that K1 increases with age, but there is no
change in the K2 value.”® Ferrer-Blasco et al., in their
retrospective study, found that women had steeper
corneas in the patients evaluated.”” Kazanci et al.
showed that women have steeper Km.!? Contrary to
these, Khan and Muhtaseb evaluated 343 male and
403 female patients and found no significant differ-
ence between the sexes.’® In our study, there was a
significant change with age in K values only in K1.
While there was no difference between Groups 1, 3,
and 4 in K1, this significance was due to the differ-
ence between Groups 2 and 3 (p=0.030). This led us
to suppose that it was due to the structural character-
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istics of the Group 2 participants. When we evaluated
it in relation to sex, we found that women had signif-
icantly higher K1, K2, and Km values compared to
men. This situation was significant in those under 40
years of age. Sex hormones may be responsible for
this. It has been shown that there are hormone recep-
tors in the epithelial, stroma, and endothelial layers
of the cornea.’! The fact that there is no significant
difference over the age of 40 when the levels of sex
hormones decrease supports this situation.

In some studies on Ast, WTR and <1 D astig-
matism were found in the young population (20-30
years).'*2 Ueno et al., in their study with 419 patients
aged 8-93 with normal eyes, showed that the anterior
cornea changed from WTR astigmatism to ATR
astigmatism with age, but the majority of posterior
astigmatism remained ATR.** Naeser et al. used
Scheimpflug imaging in their study with 710 patients
aged 20-88 years and found that astigmatism re-
mained stable until the age of 50, and then changed to
approximately 0.25 D ATR astigmatism every 10
years.>* In our study, while Ast decreased signifi-
cantly with age (approximately 0.25 D), astigmatic
axis values were 93% WTR in Group 1, and this rate
decreased to 34% in Group 4. ATR astigmatism was
approximately 5% in Group 1, increasing to 43% in
Group 4. Astigmatism values did not show a signifi-
cant difference between the sexes. Although the rea-
son for this change in astigmatism and axes is not
fully understood, the change in corneal curvature, the
position of the eyelid and tension, corneal stromal
collagen fibers, and extraocular muscles have been
thought responsible for this situation.*® This change in
axes that occurs with age should be considered be-
fore surgery such as refractive or toric IOL implan-
tation for astigmatism.

Our study had limitations. The first is that our
number of participants was relatively small. Larger
studies are needed to confirm these changes. Sec-
ondly, the participants consisted of only the Turkish
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population who presented to our hospital. These find-
ings should be supported by large-scale international
research and applied to different races and societies.
Third, there was a small number of participants over
the age of 60. The increase in systemic diseases with
age was responsible for this situation. Patients with
diseases other than hypertension were not included
in our study.

I CONCLUSION

CCT and Cvol decreased with age in our study. It was
observed that CCT decreased approximately 4.6
um/decade and Cvol decreased 0.6 mm?*/decade. Ast
values decreased significantly with age, while axis
values shifted from WTR astigmatism to ATR astig-
matism. In the comparison of men and women, it was
seen that the women had higher K values under the
age of 40. We think that sex hormones are responsi-
ble for this situation. Axis changes with age should be
considered before surgery (cataract and refractive op-
erations). Knowledge of these changes can be helpful
in predicting the long-term results of corneal diseases,
ophthalmic surgical procedures, and IOL power cal-
culations.
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