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Abstract - This study way conducted to define the prevalence
and types of cerneal astigmaiism in relation with corneal optical
puwer, ixial length, ser and patient ape. 641 colgract potients
were included in o descriptive study, Complete eye examinalions
were performed, TTe data were analysed by stumdord procedures
imeluding analysis of varfance, Chi square fest aed  mottiple
linear pepression models, With the ruls, astigmarism was 35.6%
i younger coxes and apains the rale astigmatism was 43,75 in
elider caves (P 000} Apainst the rule astigmalism was
A5.8% in older males and 34.6% in older fernates (P GO001),
There was 00230 decrease in kpol for each year increase in age
I iP<0.0001 ), Avial length in omales was 2357 = Ldtmm and
Semrley was 2335 & 176 mm (P 0005). For second degree
model to show relationskip between astigmatism and axial lenght
R2 s 0,009 eened (03 By increasing axial tengld up fo 26 mm
coreal power decreased, bul further fncrease in avial length led
to corneal power increove, For each diopter increase fn corneal
power  there was L] diepter  increase in net astigmatise
(P U011, In corneal powers less than 3.5 diopler there was
no difference between divection of astigmeatism, bt in corneal
puwers smoee than $3.3 diopter with the rule astigmatism way
dominoated (P=0.01), Youpger cavex had more with the role
astipmatism  amd  older  coves had  more apeinst the e
astipmatism, Against the rule qxtigmatism was more conmmon in
older males than fn older females, With the rule astipmalivm
ratio shifted to ATR astipmation ratie with age bul fere way mo
change in apaind the rale astigmatism rotio with age. Males
haad 0,22 mm axdel lempth more than females, There wos
signiffcant  relationship  between  axiol  lenpth ond et
aviipmativm.  Abnormal  size eves  had  mere  astipmalism,
Ervmetropization mechanism of corneq i not work for eyes
lonper than 26 mm. Myopie was reloted to total awtigmalism,
Second depree model was more fitted lo shew  relafionship
between astigmatism and axial leagth.
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INTRODUCTION

Despite  ils  importance  aof  Medical
astigmatism  has not been  studied in
COTAMACT SUTEETY in our country.

Sciences,
candates  of

a9

It has been demonstrated that the degree and
direction of astigmatism are correlated o axial lengeh
and corneal optical power of the eye, as are palient age
and sex [1-4). To recognize the situation in our center,
wi cxamined some preoperative measurements related
1o refraction in a sample of patients scheduled 10
underge cataract surgery and analyzed the data to
define the prevalence and types of astigmatism and its
refationship with corneal optical power, axial length, sex
andd patient age.

MATERIALS AND METHODS

The stody was  performed  from January  ©
December 1997, 641 cases with nonmal infraccular
pressure who had been scheduled for cataract surgery
in Farabi Eye IHospital participated in the study
regardless of age, sex and race. None of them had
provious eye surgery, eye discuses oroany syslemic
disorder  affecting  eyes. Precperative  cxaminations
included visual acuily measurement using E.chart, slit
lamp examinations and applanation tonometry by Haag
Streit  devices, indirect fundoscopy by Topron and
keratometry by standard Javal kerstometer,

M sean sonography was done by Kidek U5 2500 1o
caleulale I0OL power and axial length measurement.
The velocity of ulirasound was assumed o be 15350 m/s
as has been used by Olsen (5).

All af the patients had normal 10F {14-16 mm/Hy)
therefore we excluded it as a criterion, All the clinical
and paraclinileal data were obtained by ophthalmology
assistants and 8 well-trained  optometrist respectively,
under close supervision of the author. Astigmalism was
been delined as greater than 005 diopter difference
hetween the highest and the lowest corneal merician,
With the rule astigmatism (WTR) was defined when
the greatest corneal power lied between 307 of the
verlical meridian, and  against the rele astigmatism
{ATR) when it was within 30 “of the horizonlal one,
and the remainder were detined as oblique astigmatism.

Far comparative purposes we chose  the kpal
advocated by Maeser (6) which takes mto account both
the direction and amount of astigmatism as a signle
unit. Kpol = M (Sin Za - Cos 2o}
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Kpol is the keratometric polar walue of net
astigmatism in diopter, where M ois the difference
hetween the highest and the lowest corneal meridian in
diopter and o 15 the meridion of greatest corpeal
power. Using M (51 20 [or the vertical component and
M (Cos 2oy for the borizontal  component. All
meridians af greatest corpeal power were included in
the calculation of the polar value regardiess of the
amount of astipmation. By delinition WTR astigmatism
in this feld exists when the greatest corneal power
miecridizn lics hetween 43" and 1357 which leads o
positive value for kpol and ATR astigmatism when il
lies al less than 4570r more than 135 which makes kpol
vilue negative.  [n obligue  astigmatism the  pgreatest
corneal merdian lics somewhere in between. When the
greatest corneal meridian lies at 45" and 135, kpol is
rero {Ig. 1).

Statistical  analysis was  performed  with  standard
procedures including comparing mean data belween
twio or mare groups (analysis of variance}, Chi square
test and multiple linear regression models.

RESULTS

295 vases (409 were females and 346 cases [54%)
wer males. Mean age of females was 65 years (1L =
3-94 years), Mean age of males was 629 years (R=4-94
years)., (P=0.067).

The degree of astipmatism 5 shown n lable 1. The
difference between the mean degree of is astigmarism
in males and  females was (K14 D0 (P = L1
Distribution of astigmatic direction wilh respect 10 sex
and age the mean degree of is shown in tables 11 and
1T and TV, The mean age was 6127 years o cases with
WTTR astigmatism and 66,22 years in those with ATR
astipmatism. The difference berween the mean ages of
the twa groups was .94 vears (I'< 00001

Relation between direction of astigmatism and
ape

There was o significant difference between cascs of
W astigmatism and AT astipmatism with respect
to age Younger cases had more WL, and older cases
had more ATR astigmatism. The difference between
males  and  females with respect 100 direction af
astigmatiam was more significant in cases older than 65
years, Inooother words AT astigmatism wus more
conumen in clder males than older females P 00001,

By controlling the sex factor with increasing the age
there is a significant shift tomerds ATR astigmatism
which coincides with decrease in K pol, {Fig 2.

With inereasing each year in age the Kpol decreases
by 0023 [ per year, approaching negative polar values
or ATH astigmatism {P=<i0L00017.

a0

Kpal = 185 - 0023 age - 035 sex
Sex o= | (male and female) (P<0000717.
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Fig. 1. Scatter plot ol meridian ol greatest power by Kpol.

Mote that meridians hetween 45 and 135 TEpol take
positive values. (above zero). AL meridians less tan 45 Tor
greater than 133 ‘K]Jni takes negative values (below zera), At
45 & 135 "Kpol is zero

Relation between axial length, gender and age

The mean eye axial length was 23537 % 146 mm
and 2335 £ 170 in males and females respectively, so
that in the males, the axial lengith was 022 mim more
than fermales {One-tail t-test, P=0037).

Cur study did not show any relation between age
and axial length, which is against the resalts chitained by
other mvestigators (1. Our findings may be doe o our
smaller sample size which shall be repeated in the
future, (wo tail -lest P=05)

Relation Detween net astigmatism, corneal power
and axial length

Nel  astigmatismy showed  stanistically  significant
relationship with corneal power, so that for cach diopter
merease in corneal power, we had 0.1 diopter merease
in astigmatism (P< 0001), (astigmatism = 364 +
(111 porser].

There was a significant relationship between axial
length and the degree of astigmatism regardless of
direction P=0L0001. (net astigmatism = -142 4+ 011
DIA 016, Temale = 0 male = 1.

As shown in Fiure 3, when we move fram the
center of X axis (horizontal) which is the sie of more
spherical eyes owards both extremities, the ratio of
abnormal sire cyes (short < 22 mm or long = 24 nim)
o normal size eyves increases, 10 means abnormal size



eyes have more astigmatism than normal size cyes. This
coneept has been contirmed also by previous studies
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Fig. 2. Relationship of Kpal with age.
Mote : Kpol decreases with increasing age, (leads 1o
negative values or ATH astigmatism}

Change of astigmatism by axial length could  be
shown by different models. In the frst depree model,
R2 {correlation coefficient ywas 0.019 and 0.03 and in
the second degres model, B2 was (L037 and 0.0449 for
males and females, respectively,

As shown in Figure 44 and 48, the seeond degree
madel s more suilable for demonstrating the relation
net astigmatisng and axial length which 5 congistent with
the finding that the R2 of the second degree model is
greater than R first degree madel,

Relation between axial length and corneal power
As shown is Fipure 3A und 5B by increasing AP
dizmneter up 1o about 26 mm, corneal power decreases,
but further increase in diameter leads o increase in
corneal power. Again second degree model s maore
fired o show this relationship. R2=0.2 and 0.016 for
first degree model inomales and females. R2=0.3 and
0,18 for second degree maodel in males and females.
147 second degree model = R2 first degres model

Relution between corneal power, age and sex

Corneal power relationships with age and sex were
anabveed in two models. [noa simple model, corneal
power was related to both age and sex (P=0.0001) and
(P = 00301 respectively. But in o multiple model we
could not find any relationship with age (P=0.11}

This finding may indicate that the above relation of
corneal power with age is ool a real one and could be
te 1o difference in distribution of age between males
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and females (confounding variakles),
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Fig. 3. Relaticnship between axial length and astigmatism.

Mote @ as we move from the cenler of X axis 1o both
extremes, asligmatism or te ratio of abnoemal size eyes (o
normal size eyes increases,

Table 1, Distribution of degree of net astigmatism among the
CASEE,

Walue Frequency  Percent Walid Cum
pareent prsreent
0.0-05D 169 262 278 28,0
0.5-1 203 i3 A4 1.3
1-1.5 114 17.7 154 KLl
1.5-2 44 ) 7.2 HT.3
2-2.5 27 d.2 4.4 .8
25-3 1 3 2. .
348 13 0 2.1 R
354 I 25 26 G2
=4 3 b B [l
Missing i3 51 ImI=sIng

Table 2, Ristribution of astigmatism direction with response (o

=

sEK
- L Mresiion T
Sux e Obligue ATR W Toal
Femalc Er 94 144 208
l:'l':).j'?{-:l [31 D (AR {-1-{:-.11":"5-}
Mlale 15 131 130 A
(L88%) (4369 (3TOW) (450
Total 122 245 a7 [E=41
() (3R2%) (H27Y (100
Chi sqaure o= 00052

Mate: WTR astigmatizm is more common in females, ATR
astigmalism is mars commaon i the males.
Cihligue astigmatism s the same in both sexes
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Fig. dA. Relationship between nel astigmalism and axeal
lemgthe (st degree model).

Mot
increasing antal length. The relatonship can not be shown
neither exireme,

P The degree of net astigmalism increases with

Relation between axial length and direction of
astigmatism

W could not find any relmionship between axal
length and direction of astigmatism. | Regression P
0491 Chi square comparing DIA = 23 mm DIA < 23
mm P=08),

Relation between corneal power and direction of
astigmatism

The  relationship  bevween corneal  power and
direction ot astigmatism is shown in table 5 Powers less
than 45.5 diopter, there 5 nel o signilicant dilference
between  different direction groups, bul with powers
areater than 45,3 diopter WK astigmatism domimated
(Chi square P=001)% We were not able 10 find oy
change in ATR ustigmatism with inereasing age. (959
I -0.0096 p 0L0052) but the degree of WTR
astigmatism showed 0013 diopter decrease per yeur.
(95% CT = 00006 1o 00210,
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Fig. 4B. Relationship belween nel astigmelism amd axisl
length (seoomnd degres model)

Astigmatism incresses in both extremes

CURNEAL POWER

Fig. 540 Helitionship between corneal poser and axial lengih.
(el degres model)

Hy inereasing axial length up b 26 mm, corneal power
dreoreanes, Hus model s unalle to show erease o corneal

power byoncreasing U axial kength maore ten 2omm

Table 3, Distribution of astgmatic dircetion with respest ooage.

Tonal Obligue i AT | WTH Frequency
el Al [Fel | Ab | [%el Al U Relative | Absclute ages grlp
L 153 17.6% | 2 i ot Al I 3567 &5 < 65 ywar
LU ik 14.3% 41 A X B 25 440 Lan = 0S year
L0 434 15.5% | o A7.8% I | 40.7% L3 wwikal
P o= (0023

Motes In the younger cases WTER astigmatism. and ATR astignuism s o coanmion,

32
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CORNEAL POWER
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Dia,

Fig. 5B. relationship between cornesl power and axial length (second degree model).
Muote : the comneal power decreases up o 26 mm axial length and increases by further increase inaxial length

Table 4- Distribution of astigmatic direction with respect to age and sex

,-".g::. = b weAr

Ape = 63 yoar

Female | Male Female Male
0 | 8 IR | 5 54% 7 10.9% 14 a3
| o sow | 3l 31.3% 54 6% 92 5589
2 1% i, 55 57 0l 3% A5 54.57% 30 35.8%
twlal | 79 10U 93 10 56 [ 165 L
0 = obligue ashigmalism 1 = ATR asbgmatizm 2= W [H astigmatism
Table 5- Relationship of cormeal power and dircetion of astigmatism,
Toal ATR WTR Frequency T
Holative Absolute Relative Absvlule Felative Absolute cornesl power
L0 59 49,245 24 SLHE A < 250
1005 61 15 133 AL | 125 42.5-45.50
T 119 3.5 41 655% | T8 = 4550
TG 479 46.2%: 03 S1E 230 total

Maole © C.F = 455 D is associaled with meanmgfol increase in the proportion of WTR astigmatism.

DISCUSSION

A small degree WTR astigmatism s common in
carly Iife (3} although it may change in different sex and
age wroups. [n our cases, WTR astigmatism was more
common in females and  younger age and ATR
astigmatism in males and older ones, WTR astigmatism
decrcases with age and shifts to ATR astigmaliso, bul
there is no change in ATR astgmatism with age. Our
findings are compatible with the data oblained in the
other studies {3,7), althoogh they havee shown that these
changes take place more slowly in females than in
males. In the present study in corneal powers less than
455 diopter we found no difference between the of

Lk

i

directions ol astigmatism, but in corneal powers o
more than 435 diopters, WTR  astigmatism was
dominant. In a previous study (8] fomales have been
shown 1o have steeper corness than males, bar no
relation between corncal wstigmatism and sex hus been
detected yel

For comparative purpases we chose k pol which
takes imo account both the amount of astigmatism and
ils direction (6. Ouor data showed that & pol decreases
with uwe, means laking negatve values and shifting 1o
ATR astigmatism as in Figure 2, 'This concept has beén
noted also v Minn-Pedersen (17, bat AT astigmatism
has nol shown any change with age. Our results showed
that men have 0.22 mm axial length more than females.
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The same results have been obtained by other authors
toey (5.

We lound no relation between corpeal power and
age or sex, which s in contrast with dominancy of
steeper corneal powers in females, and  increase in
corneal powers by age 10 compensate [or decreass in
axial length by age, (o keep the paticnt emmetropia (8).

We were not able 1o show any relation belween
axial lenpth und age, although it has been shown to
decrease with age in both males and females (0013 mm
per year) (1), Our results may be due to smaller sample
size. We found no relation between axial length and
dircetion of astigmatism by using b pal (P=0599)
althouwgh  Pedersen found  that WTHR  astigmatism
increnses with increasing axial length (1) As shown in
Figure 3, if we move far from normal size eyes lowards
abnormal size eyes, whether short or long, the amount
of ustigmatism increases, in other words abpormal size
eves  have  more  asligmatism,  the  concept  being
consistent with the data obtained by Pedersen (1)

We might be able to say that k pol values whether
positive  or negatbve  are more  dependent on o the
dircction rather than amount of astigmatisn, but ther
absolute values depend on both direction and amount
of astigmatism, [t @s interesting o note that some
authors  have sugpested  that the shape of cornea
depends on the size of the eyes (100, Jackson noted
that hyperopic eyes shift towards ATR astipmatism with
ape whercas  myopic eves shift more o WITR
astigmatism. Heavse it is now known that the size of the
eyve i5 actively regulated (11) the shape of the cormea
may also be actively regulated as sugeested by pederson
(1.

We found that ecach diopter increase in corneal
power  may lead 1o 01 diopter ncrease inonet
astigmatism which contrasts with Pedersen’s idea (1)
This finding is statistically significant but its clinical
significance is to be determinged,

In a previous study it was found that o 1 mm
chuange in axial length corresponds 1o an average change
of 040 in the optical power of the cornea (12)
Pedersen also showed thal a 1 mm change oo axial
length corresponds to & change of 037 diopter in
corneal optical power with no change in males and
fernales (1).

Cur findings showed that by increasing axial length
up to 20 mm, corncal power decreases. This finding
may be explained By emmetropization  mechanism
supgested by Grosvenor (13) which keeps the corpeal
power  compatible  with  axial  length w0 maintaun
emmetropia. But further increase in axial length, leads
[ increases in corneal power. The last point may be due
to the fact that high axial length eyves are oul of control
of emmetropization mechanism of the cornea, although
Lhis point needs more investigalion. We found a more
significant relationship between axial length and corpeal

14

power with net astigmatism, Thes concept has also
been also shown by Federsen (1), That s why second
degree model [OL culeulation  formolas are  more
predictive  than  first  degree  opes,  especially  lor
hyperopic and myopic eyes (5).

Considering  significant relationship between  axial
length  and  corpgal  astigmatism, one cn find o2
relationship between myopia and total astigmatism, by
relating axial length o myvopin and corneal astigmatism
oy toral astigmatism. This concept as noted by Slephen
et al {14} is important when we want to treat a paticnt
with  myopia  and  corneal  astipmatism,. This Tact
geeounts for the reduction in total astigmatism achieved
by treating only the spherical component of myopia as
postulated by Loewenstein (15,
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