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The Assessment of Age-Related Changes in Anterior Segment
Parameters Measured by Dual Scheimpflug Analyzer
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ABSTRACT Objective: The aim of this study was to investigate the ~ OZET Amag: Yasla beraber 6n segment parametrelerindeki degisimin
changes according to age in anterior segment parameters measured by  Galilei Dual Scheimpflug Topografi ile degerlendirilmesi. Gereg¢ ve
Galilei Dual Scheimpflug Analyzer. Material and Methods: Healthy ~ Yontemler: Calismaya saglikli denekler alinarak yaslarina gore 7 gruba
subjects were recruited and classified into seven groups according to  ayrildi. Grup 1’deki deneklerin yaglar1 5 ile 10 arasinda idi. Grup 2, 3,
age. Group 1 consisted of subjects whose ages ranged between 5 and 4, 5, 6 ve 7 ise yaslari sirasiyla ikinci, ti¢iincii, dordiincti, besinci, altinct
10 years. Group 2, 3, 4, 5, 6, 7 consisted of subjects who were in their  ve yedinci on yillarinda olan deneklerden olusturuldu. Detayli g6z mua-
second, third, forth, fifth, sixth and seventh decades, respectively. After  yenesinden sonra Galilei Dual Scheimpflug Topografi ile 6n segment
a detailed examination, anterior segment parameters were assessed by~ parametreleri degerlendirildi. On kamara agis1 (OKA), 6n kamara de-
using Galilei Dual Scheimpflug Analyzer. The following parameters  rinligi (OKD), én kamara hacmi (OKH), merkezi kornea kalinlig:
were obtained from topographic and pachymetric maps for analysis:  (MKK), pupilla ¢ap1 (PC) ve horizontal kornea ¢ap1 (KC) degerleri to-
anterior chamber angle (ACA), anterior chamber depth (ACD), ante-  pografik ve pakimetrik haritalar incelenerek degerlendirildi. Istatis-
rior chamber volume (ACV), central corneal thickness (CCT), pupil di-  tiksel analiz SPSS 23,0 programi ile yapildi. Bulgular: Calismaya
ameter (PD) and corneal horizontal diameter (CHD). Statistical katilan 229 denegin yaslar1 5 ile 67 arasinda degismekte ve 152°si
analysis was performed by using SPSS for Windows version 23.0. Re-  (%66,4) kadin, 77’si (%33,6) ise erkekti. Analiz sonucunda MKK, KC,
sults: The age of subjects ranged between 5 and 67 years. Of 229 sub-  PC, OKD ve OKA yasla beraber azalmakta ve yas ile bu degerler ara-
jects, 152 (66.4%) were female and 77 (33.6%) were male. The sinda istatistiksel olarak negatif korelasyon mevcuttu (p=0,000).
decrease in CCT, CHD, PD, ACD and ACA with age was statistically ~ OKH’de ise Grup 1 hari¢ diger gruplar arasinda yasla beraber diisme
significant and a negative correlation was present (p=0.000). Except  oldugu goézlenmis ve istatistiksel olarak negatif korelasyon bulun-
Group 1, the decline in ACV by increasing age was statistically sig-  mustur [r (458) =-0,34. p=0,000]. Sonug: Galilei Dual Scheimpflug
nificant and a negative correlation was present [r (458) =-0.34.  topografi ile ortalama OKH harig tiim 6n segment parametreleri yasla
p=0.000]. Conclusion: All anterior segment parameters except mean  birlikte azalmistir. OKD’nin ikinci on yildan itibaren eriskin boyu-
ACV measured by Galilei Dual Scheimpflug Analyzer were found to  tuna ulastigi gozlenmistir.

decline with age and mean ACD achieved to adult size till the begin-

ning of the second decade.
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Measurements of anterior segment parameters affects intraocular pressure reading measured by

are very important clinical findings in diagnosis and Goldmann applanation tonometry. Anterior chamber
assessment of corneal disease, contact lens evalua- angle (ACA) assessment is essential for the diagno-
tion, refractive status and glaucoma types. Simply, sis of angle closure glaucoma. Besides, anterior
we know that mean central corneal thickness (CCT) chamber volume (ACV) and anterior chamber depth
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(ACD) are also essential findings for evaluation of
glaucoma types and for cataract surgery.' Because
of their importance, the measurements must be accu-
rate.

Measurements of CCT, ACV and ACD can be
done by using ultrasonic methods but these methods
are cornea contact and may lead to superficial corneal
lesions and transmission of infections.® Non-contact
methods such as optical coherence tomography
(OCT), Scheimpflug topography systems and slit
scanning technologies have been used widely.” The
Galilei Dual Scheimpflug Analyzer is one of the
Scheimpflug topography system which is based on a
revolving dual- channel Scheimpflug camera and a
Placido disk. This device combines the advantages of
two technologies: Placido imaging furnishes high-ac-
curacy curvature data and Scheimpflug imaging is re-
sponsible for capturing precise elevation data. Galilei
provides repeatable measurements of corneal curva-
ture and of other anterior segment anatomical pa-
rameters such as topographic pachymetry, anterior
chamber depth, volume and anterior segment diame-
ter (angle-to-angle distance).!”

Anterior segment parameters including CCT,
ACV, ACD, ACA and CHD might be altered by age.
This alteration can be important for evaluation of an-
terior segment diseases.!! While, Hashmani et al.
found decline with age in CCT measured by
Scheimpflug Analyzer, Atchinson et al. did not find
any alteration.'>!* These studies did not include sub-
jects under the age of 10 and the refractive status was
variable.

The aim of this study was to investigate changes
according to age in anterior segment parameters mea-
sured by Galilei Dual Scheimpflug Analyzer. While
searching these changes, the earliest age group (5-10
years), standardized refractive state (<1 diopter
spheric equivalent and < 1 diopter astigmatism) and
relatively large sample sizes of subjects were the nov-
elties of our study.

I MATERIAL AND METHODS

This study was conducted at the Sakarya University,
Department of Ophthalmology. Prior to the study,
ethics committee approval was obtained from the In-
stitutional Review Board of Sakarya University, no:
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71522473/050.01.04/216) and written informed con-
sent was obtained from each subject. The study was
performed in adherence to the Declaration of Helsinki.

SUBJECTS

Subjects who were examined at Sakarya University,
Ophthalmology Department and had minimal refrac-
tive error (<l diopter spheric equivalent and < 1
diopter astigmatism) were recruited and classified
into seven groups according to their ages. Two eyes
of every subject were studied. Group 1 consisted of
the subjects whose ages ranged between 5 and 10
years. Group 2, 3, 4, 5, 6, 7 consisted of the subjects
who were in the second, third, forth, fifth, sixth and
seventh decades, respectively. Subjects were chosen
randomly. Detailed ophthalmologic examination in-
cluding best corrected visual acuity measurement
with a Snellen chart, intraocular pressure measure-
ment by Goldmann Applanation tonometry, slit-lamp
biomicroscopy and fundus observation by +90
diopter lens was performed for all patients. Subjects
with any ocular diseases affecting the ocular surface,
history of contact lens use within three months and
any ocular surgery were not included in this study.

ANTERIOR SEGMENT EVALUATION

Anterior segment parameters were assessed by using
the Galilei Dual Scheimpflug Analyzer (GALILEI
Dual Scheimpflug Analyzer, Zeimer, Switzerland).
Measurements were performed with undilated pupils
under scotopic conditions by the same ophthalmolo-
gist (N.O.A.). Measurements were performed after
ophthalmic examination except applanation tonome-
try. Intraocular pressure was measured after topogra-
phy. Measurements with poor quality were excluded.
The Galilei Dual Scheimpflug Analyzer specifies the
quality of measurements. The measurements which
met the quality check criteria of Galilei G4, were in-
cluded in this study. The recommended values of cri-
teria were; 85% motion compliance, 85% placido,
90% Scheimplug quality, 70% motion distance. The
mean values of three measurements were used for sta-
tistical analysis. The following parameters were ob-
tained from the topographic and pachymetric maps for
analysis: anterior chamber angle, anterior chamber
depth, anterior chamber volume, central corneal thick-
ness, pupil diameter and corneal horizontal diameter.
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STATISTICAL ANALYSIS

Statistical analysis was performed by using SPSS for
Windows version 23.0 (SPSS Inc., Chicago, IL,
USA). All data are reported as mean =+ standard de-
viation. Normality distribution of variables was de-
termined by the Kolmogorov-Smirnov test. Pearson
test was used to detect the relationship between the
variables.

Dependent variables were the meaning of ante-
rior segment parameters CCT, CHD, ACV, ACD, PD,
ACA. Anterior segment parameters in the age group
effect were analyzed by using a one way ANOVA.
Bonferroni corrected comparisons were used for
multiple comparisons.

I RESULTS
DEMOGRAPHIC CHARACTERISTICS OF THE SUBJECTS

This study included 458 eyes of 229 subjects. The age
of subjects ranged between 5 and 67 years. Of 229
subjects, 152 (66.4%) were female and 77 (33.6%)
were male. The mean ages of groups and gender dis-
tribution are presented in Table 1. Data were con-
formed with normal distribution according to
Kolmogorov-Smirnov test. Table 1 revealed anterior
segment parameters in all groups.

CORRELATION RESULTS OF ANTERIOR SEGMENT
PARAMETERS

The highest mean central corneal thickness was
588.1+£31.3 pin Group 1 (age range 5-10 years). The
decrease in central corneal thickness with increasing
age was statistically significant and a negative corre-
lation was present [r (458)=-0.21. p=0.000].

The mean corneal horizontal diameter decreased
with age among groups. The decrease was statisti-
cally significant and a negative correlation was seen
between age and mean corneal horizontal diameter [r
(458)=-0.30, p=0.000].

The lowest mean pupil diameter was 2.6+0.4
mm in Group 7 (age range 61-67 years). The decline
with increasing age was statistically significant and a
negative correlation was present [r(458)=-0.18,
p=0.000].

The mean anterior chamber volume of Group 7
(age range 61-67 years) was lowest between groups
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(93.64+21.3 mm?). Except Group 1, the decline with
increasing age in anterior chamber volume was sta-

tistically significant and a negative correlation was
present [ (458)=-0.34, p=0.000].

The lowest mean anterior chamber depth was
measured in Group 7 (2.5+0.2 mm) and the decrease
with increasing age was statistically significant and a
negative correlation was revealed [r (458)=-0.68,
p=0.000].

The mean anterior chamber angle was found to
be decreased with increasing age and a negative cor-
relation was revealed [r (458)=-0.60, p=0.000].

Correlations are presented in Table 2.

ONE-WAY ANOVA TEST RESULTS OF ANTERIOR
SEGMENT PARAMETERS

There were significant effects of age group on CCT
(F (6,451)=13.070, p<0.001, n*=0.15) (Figure 1), on
CHD (F (6, 451)=8.627, p<0.001, 1n>=0.103) (Figure
2), on PD (F (6, 451)=22.709, p<0.001, n>=0.23)
(Figure 3), on ACV (F(6, 451)=23.757, p < 0.001, 1?
= 0.24) (Figure 4), on ACD (F (6, 451)=77.544, p <
0.001, n>=0.51) (Figure 5) and on ACA (F (6, 450) =
57.111, p<0.001, n*>=0.432) (Figure 6).

I DISCUSSION

In this study, the number of subjects in each group
was similar and the subjects were chosen randomly
as mentioned in the Method section. All data were
in accordance with normal distribution due to Kol-
mogorov-Smirnov test. Furthermore, all measure-
ments were performed by one ophthalmologist and
under the same conditions.

The first parameter was mean central corneal
thickness and a significant decrease with increasing
age was found [r (458)=-0.21. p=0.000]. Hashmani
et al. investigated this item by using Scheimpflug to-
pography and also found the decline in central
corneal thickness with age. The negative correlation
was weak with a r-value of -0.058. Sample sizes of
subjects in first, sixth and seventh decade were so
small and could not be evaluated.'? On the other hand,
Atchison et al. found no significant correlation be-
tween central corneal thickness and age by using
Scheimpflug topography.' In these studies, the age
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TABLE 1: Demographic characteristics and distribution of anterior segment parameters of patients according to their ages.
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CCT: Central Corneal Thickness; CHD: Corneal Horizontal Diameter; PD: Pupil Diameter; ACV: Anterior Chamber Volume; ACA: Anterior Chamber Angle; ACD: Anterior Chamber Depth.

ranged between 10, 20 years and 70 years and
refractive status was variable. In our study,
subjects whose age ranged between 5-10
years were also evaluated and refractive sta-
tus was limited. Hashmani et al. found that
the astigmatic refractive error affected central
corneal thickness.!? The cylinder values were
found to have a positive correlation with
CCT, with a r-value of 0.154.

Studies carried out by using ultrasonic
pachymetry were performed in the past.!*®
In one of them, Prasad et al. also did not find
any correlation with age.'* The mean CCT
was found to be 544+34 p and the r- value
was 0.00645. Altinok et al. found a slight neg-
ative correlation between age and CCT only
in male subjects. '

In this study, a significant decrease of the
mean corneal horizontal diameter with in-
creasing age was found [r (458)=-0.30,
p=0.000]. Jonnson et al. found no correlation
between age and mean corneal horizontal di-
ameter.!! The mean corneal horizontal diame-
ter was measured by slit-scan topography and
some of the subjects had cataract, some of
them had refractive errors and the range of age
was between 22 and 85 years in that study.
According to this study; corneal horizontal di-
ameter was found to be an important parame-
ter especially in contact lens use and detailed
studies should be done about the change in
mean corneal horizontal diameter with age.

Age was found to be a factor affecting
the pupil diameter [r (458)=-0.18, p=0.000].
Predictably, in older ages pupil diameter was
found to be smaller in this study. Guillon et
al. and Pi-Song Yan et al. also found this type
of correlation in their studies.'”'® But Guillon
et al. found significant differences only in
pre-presbyopes and established presbyopes
(p=0.017)."7 Pupil diameter has an important
role in visual performance in older ages.
Therefore, especially in multifocal contact
lens use for presbyopia, the change in pupil
diameter with increasing age should be kept
in mind.
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The mean anterior chamber depth and anterior
chamber volume were found to decline with age in
this study. Jonnson et al., Atchinson et al. and Pi-Song
Yan et al. found a similar decline, too.''3!® In addi-
tion to these studies, we found lower mean anterior
chamber depth values in subjects whose ages ranged
between 5 and 10 years. In the second half of the first

decade, mean anterior chamber depth tended to be
lower and from the beginning of second decade, the
mean anterior chamber depth was found to achieve
adult sizes and then the decline started. These results
might be important while a refractive surgery which
includes phakic intraocular lens (pIOLs) implantation
is performed for high ametropia. Advances in surgi-

TABLE 2: Pearson correlation test results of anterior segment parameters of groups.

CCT CHD

PD

ACV ACD ACA

r(458) p r(458) p r(458)

p r(458) p r(458) p r(458) p

Increase in age -0.21 0.000 -0.30 0.000 -0.18

0.000 -0.34 0.000 -0.68 0.000 -0.60 0.000

CCT: Central Corneal Thickness; CHD: Comeal Horizontal Diameter; PD: Pupil Diameter; ACV: Anterior Chamber Volume; ACD: Anterior Chamber Depth; ACA: Anterior Chamber

Angle.
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FIGURE 3: Relationship between Age and PD (Pupil Diameter).
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FIGURE 6: Relationship between Age and ACA (Anterior Chamber Angle).

cal techniques, fast visual recovery, preservation of
accommodation and reversibility are the benefits of
pIOLs implantation. Also, posterior chamber pIOLs
have been accepted widely in recent years.!*?!
However, these changes with age should also be
taken into consideration while performing cataract
surgery.

Increasing risk of angle closure glaucoma with
age has been already known. In this study, the decline
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in the mean anterior chamber angle of age was found
[ (458) =-0.60, p=0.000]. Dalal et al. found that both
nasal and temporal anterior chamber angles measured
by anterior segment OCT decreased with age.?”
Orugoglu et al. also revealed narrower anterior cham-
ber angle in older ages.”> Both in glaucoma and in
cataract surgery, decrease in the anterior chamber
angle is important and can be measured totally by
Galilei Dual Scheimpflug Analyzer.
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The limitations of this study were distinct re-
fractive states which did not allow to evaluate cylin-
drical changes with age and absence of peripheral
corneal thickness values.

I CONCLUSION

According to statistical Pearson correlation analysis,
mean central corneal thickness, anterior chamber
depth, anterior chamber angle, pupil diameter and
corneal horizontal diameter were found to decline
with age and mean anterior chamber depth achieved
adult size by the beginning of the second decade of
life. The Galilei Dual Scheimpflug Analyzer is non-
invasive and a user-friendly instrument to evaluate
the anterior segment and especially useful for quan-
titative examinations of the anterior chamber.
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