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DETERMINATION OF INTEROCULAR DISTANCE

Sla‘}:s;'ﬁ?(]\)l?;‘;l;al tanorlnalies of the interocular di-
s Olheurnd(_’r(‘( l‘]']l}(t]] more frequently than
thos @ mensions. The changes observed
in human ])atllolog)' vary within a wide range from
almost lale.rally situated orbits to a single fused
central orbit. However, these extreme pathological
cases represent rare anomalies, while more or less
pronounced changes of the interocular distance are
associated .w1th almost all types of developmental
malformations. Thus an increased interocular di-
stance has been described in numerous syndromes
including: Apert’s syndrome (acrocephalosyndacty-
ly). Wardeburg-Klein’s syndrome, Hurler’s syndro-
me (mucopolysaccharidosis 1.), Crouzon’s syndrome
(craniofacial dysostosis), Morquio-Ulrich’s syndrome
(osteochondrodystrophia  deformans), the OFD
syndrome (orofaciodigital dysostosis), Charlie M.
svndrome, Whistling-face syndrome (our colleague
Cervenka and his co-workers, 1970, failed to
confirm this association), frontonasal dysplasia and
facial clefts with accompanying anomalies (G or-
lin, Pindborg 1964; Gorlin 1969). Tt is
tvpical of some forms of nanism (Cornelia de Lange
syndrome, Donohue syndrome etc.). Further, it has
been reported, e.g., in hydrocephalia and in cleido-
cranial dysostosis (Ginther 1933 b), mandibulo-
facial dysostosis (Treacher-Collins syndrome, Gross
1956), craniostenosis (Lesny, Dittrich 1956),
in gonosomal aberrations (Fuller, - Web er
1961). autosomal aberrations, or in dental anomalies
(Gorlin, Pindborg 1964) as well as in mal-
formations involving distant sites. Thus it has been
described in association with-syndactyly (Chotzen
1932), brachydactyly (Reilly 1931), Sprengel’s
deformity (Reilly 1931; Slo-Bo dkin 1936;
MacGillivray 1957; James 1959), acro-
megaly (Giinther 1933 b), heart defects (Reil-
ly 1931), renal hypoplasia (Gross 1956) ete:
The latter: cases, however, most probably -represent

Mild form of hypertelorism in a patient with unilateral
cleft lip and palate operated on in carly childhood (inter-
canthal index = 45.35; circumference — intercanthal index:
= 7.43). X-ray examination confirmed-the diagnosis.

an accidental coincidence, though in some cases &
genetic linkage might be possible. Higher values of
the interocular distance were also noted in patients
with. cleft lip and palate (M oss 1965; Aduss
et al. 1971; Farkas§, Lindsay 1972; Figa-
lova et al. 1974; Miillerova-Havlova,
Brejcha, in press) and their near relatives showed:
increased frequency of a wider interocular space
(Fraser, Pashayan 1970), but we failed to
disclose a tendency towards hypertelorism (Figa-
lova, Smahel 1971). :

Similarly a smaller interocular space is character-
istic of some developmental anomalies. This holds
true in the first place for the group of malforma-
tions designated as cyclopia — arrhinencephahia. Te
consist of simple trigonocephalia, arrhinencephahi,
cehgeephalia, ethmoeephalia and cyclopia represemi-
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Ll:v‘{inmllhé;mrfas.mg proximity of the two orbits or

W s usion (Silverman 1965), Bt this
?vi(l)l?l:](:,l.;\.;,sor fl‘!s“)" s nol necessarily as.fnvinlvd
tissues an({mll;( 'f‘g' al_lomalm.s of the covering so.fl

o s 1L 1s possible to see a evelopia
it Wwo palpebral slits, as well as a trigonocephalia
or arrhinencephalia with an increased distance be-
tween the lwo inner canthi. This might equally be
Obser\:(‘(l n  oculodentodigital dysplasia or in
D.O““ s syndrome. in which a reduced interorbital
distance has repeatedly been demonstrated (KK e r-
wood etal 1954; Silverman 1965; Silin-
kovi-Malkova 1972), yet the soft tissues
show a greater interocular space. which is mostly
dpe o the presence of an epicanthal fold. Thus the
d}stanoo_ between the inner and outer margins of
the orbits, hercafier designated as interorbilal or
biorbital, should be distinguished from the distance
between the inner or outer eyelid angles (canthi),
hereafter designated as the interentocanthal (or only
mlercanthal) and as the interectocanthal (or bican-
thal) distance. The terms interocular and biocular

are used as synonyms of intercanthal and bicanthal
but are less accurate,

-Greig dPSCS;])%l\ill 1924 an extreme increase

of interocular disthnee and used for the first time the

term hypertelorism. The syndrome defined by this
ated at the present lime as

researeher " is  design
G,m'gs.‘J‘};I)(‘Pl(‘vl_o.rism and is distinguished from
s““Pk_"h“"l)('rl‘eldnsm. This term has been used for
al} farms O.f greater interocular ‘distance associated
with. a variely of malformations (see above). The
L‘ick of a precise distinction between the meaning
of the two terms has been and still is the cause of
many . érrors. These errors are further caused by
the fact that Grieg’s syndrome has not been strictly
defmed:f‘ Apparently this term has been used to
ihe designation of all kinds of malformations which
were not clearly assigned into a certain category
apd were associated with an increased interocular
distance. Thus, e.g., Gaard (1961) carried out a
revision of four cases with the diagnosis of this
syndrome and ascertained that definite Grieg’s hy-
pertelorism was present in one case only. He estim-
ated that the incidence of Grieg’s syndrome is 1 per
100.000 births.

As we have already mentioned, hypertelorism
occurs mostly as an inherent part of a variety of
malformations, while in other cases its occurence
represents only more or less chance coincidence.
Accordingto Gross (1956) it is possible that even
the simple form might be correlated with a slight
degree of another malformation. Hypertelorism is
characteristic of Greig’s syndrome, representing a
clinical entity which should include only those
forms of hypertelorism where the enlargement of
the interocular space is due to a primary embryo-
nal disorder. But this is very difficult to ascertain.
There are only a few reports on the familial oc-
curénce of this syndrome (e.g. Abernethy
1927; Montford 1929; Bojlen, Brems
1938: Friede 1954). The heredity is autosoma
dominant (M ¢ Kusick 1968). :

Thus an excessive intercanthal distance mostly
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s the sequelae .Of another malff)rnmliun -
demonslralvd In a (‘(‘rl:nn.numl)er Ol[.,l-m[llm?ml ano.
malies which were (lOSCl‘ll{('(l (‘I.gi y I:‘,.l)(,l ol
(1890), Lightwoo (l.( Sh o’[‘]( o n‘ ( 928) anq
Divry, Evrar d (1935). 1(‘\ 1]o>ll_llo(l from
marked cranial asymmetries (‘l?li’]gml(lo? halia) and (.
veloped only the aff(‘g‘lo(l .\‘l( (‘.l l‘_\r!)'(.\rlolm.lsm "
frequently associated with me n‘la ‘(l iciency, whigp
is due rather to some other ((m(lon‘nlnnl_ anomg]y
(James 1959, found a reducec apacity of g,
frontal lobes). In olhvr‘ cases n(‘urologlf- sings o
are only slight or even nil.

rcprcscnl

in

symploms . : Was
g'"gg'(.q(.d that hypertelorism might reflect o B
l(l(,"(.\. towards the doubling ol facial struclupes

vaard1961). L
. "I(‘lh(:- Ip(zlnlm;_ron(-:s'is of l]_\'l)('}"l(‘li»l'l.‘il]l IS not yey fy).
o Greig (1924) believed thay ;
Iy understood. g : 1L re-
I}.-(\s(\llls an anomaly of l_h'(‘ S.Ph(‘h()l(l bone ¢op,.
of premature _()ssm(‘nll_()n and excessive
[ the lesser wings. which are larger than
the greal wings. Prior to the Second World \yy,
this theory was generally accepted. But Ialcr.s()me
differing opinions were also a(lvance(l: Friede
(1954) stated that the face of a fetus is regularly
hyperteloric and that the persistence of this siaje
is due to a disturbance of growl.h anq development
within the above mentioned region. Gross (1956)
considered as a possible cause craniocerebral dys.
rrhaphia, James (1959) suggested that hypertelo-
rism might be due to a temporary retardation of the
development of the chordal portion of the base of
the skull, while the development of the praechord-
al portion proceeds n9rmally, and M 0ss (1965)
ascribed the enlarged interocular space In patients
with clefts to a dysplasia of the entire nasal capsule
(delimited by the hard palate,.orbllal walls and the
anterior cerebral fossa). According to Tessier and
his co-workers (1967) hypertelorism results from
an enlargement of the ethmoid bone. They believe
that severe forms are of cranial origin (cranial mal-
formations), while the slighter forms are of facial
origin. In the Czech literature this problem was
discussed by Lesny and Dittrich (1956) who
believed that hypertelorism represents a develop-
mental anomaly of the skull as a whole. Thus none .
of the above-mentioned theéories provides a full ex-
planation of its origin. On the other hand hyper-
telorism might also be acquired (tumour, trauma).
* A pathologic reduction of the intercanthal distance
is designated as hypotelorism. An extreme degree
of hypotelorism is encountered in the group of the
already mentioned cyclopia-arrhinencephalia where
the primary disorder consists of brain malforma-
tions. These malformations are associated with
mental deficiency (holoprosencephalia is character-
istic of cyclopia). An intermediary form, ie. a
slightly smaller interocular space, is designated as
stenopia, while a corresponding enlargement is cal-
led euryopia. We think that neither are pathologic
conditions. Mesopia designates the range of normal.
Since the determination of individual forms on the

sisling
growth o

basis of the interorbital distance does not necessari-

ly co‘rres'pond to the values obtained on the basis
of the distance between the inner canthi, it is es-



sen!ial to discriminate between these v
designate the former as the interorbital
the latter as the intercanthal distance.

alues and 1o
distance and

ASSESSMENT OF THE INTEROCULAR
DISTANCE ’

..\n assessment of.lhe changes of the interocular
(!nslnn(‘o by '\'|s1'ml mspection is hoth inexact and
liable to Slll)jf‘(‘ll\'(‘ errors. A deviation interpreted
I)): one mvesligalor as euryopia or as hypertelorism
might be considered by another the upper limit of
the norm and vice versa. Visual inspection is in-
fluenced mainly by the morphological aspects of the
orbital region of the face, where, e.g. a flat radix
nasi. small epicanthi or a smaller distance
the outer canthi might create the impression of
curyopia, which may he excluded subsequently by
measurements. Similarly a narrow and high radix
nast or an mcreased biocular distance creale the
impression of stenopia. These apparent lypes are
dosngl‘ml(‘d as pseudoeuryopia and psoudo‘slonopia.
In this group can further he included the deviations
{-nllsod l_))' blepharophimosis. myxoedema ete. Of
interesl is the study of Pqu 11 (1955). Among 800
children she fou_nd euryopia in 91 probands on the
basis of \'lsual_ mspeclion, while measurements re-
\'oalefl curyopia m 122 children. Thus visual in-
spection resulted in an underestimation of the
frcguoncy of euryopia by 1/4 of the cases.

The above mentioned observations confirm that
the use of objective diagnostic methods js essential
_ fqr the assessment of changes of the intercanthal

distance. This type of method is represented by
anthropometry. However, it would be desirable to
reach an agreement on the use of an uniform
method which would allow the comparison of the
results of individual investigators. The measure-
ments of the distance between the inner canthi (or
of the interorbital distance on X-ray films) are most
commonly used. The pathologic forms are classified
on the basis of the deviation from the norm by a
given number of standard deviations. But opinions
vary widely. The measurement of the interpupilar
‘distance is even less convenient since it requires the
co-operation of the individual, examined which is
not always possible with smaller children or with
mentally deficient individuals (yet, in spite of this,
some studies have yielded satisfactory results —
Kerwood and his co-workers; 1954). Friede
(1954) studied the intercanthal distance in adult
Austrians and found that stenopia varied between
21 and 24 mm, mesopia between 25 and 33 mm
-and euryopia between 33 and 53 mm. The range
of the norm for the distance between the inner and
outer canthi and for the bipupilar distance in child-
ren and adults was described by Gorlin and
Pindborg (1964).

But the main drawback of the dimensions ob-
tained by direct measurements is the fact that they
do not provide the possibility of determining the
-proportional interrelations or the changes occurring
.within a.given investigated region. Therefore dur-
ing an assessment of deviations of the intercanthal

helween

distance, the other facial dimensions, cspecmlly:lhc
values obtained by horizonlal measurements. shotuld
always be tlaken into consi(lornl‘lon as \}'('ll.. A
variety of indices is used for their determmation.
Thus R o manus.(1953) proposed ll)(‘ m.lcm:cula_r
— biorbital index expressing the bitemporal di-
stance of orbital margins in per cent of th(" value of
the intercanthal distance. However, mosl (-mnn.\()ply
a reversed ratio is used, ie. the smaller dimen-
sion is expressed in per cent of the greater (hmc_n-
sion. A satisfactory test proved to be e.g.. lhe_ln-
terocular-bizygomatic index, bul most convenient
are considered the two following indices: the inter-
canthal index (the distance between the two inner
canthi expressed in per cent of the (lislm.u‘(‘ bhetween
the outer canthi) and the (‘ir('umI'('r(‘n(‘v-lnl('r(‘npthal
index (the distance between the inner canthi ex-
pressed in per cent of the circumference ol the
neurocranium).

The two indices were proposed by Giin .t!\er
as early as in 1933 (a, b, ¢) and were subcl}VIded
by the author into several categories ncco.rdlr)g to
their size. They are presented in the following table
containing values obtained by the measurement 9f
the bony framework, as well as of the morphologic
soft tissue structures (Giinther 1933b).

Range of the norm*)

Males | Females
Intercanthal distance 26.6—38.5 25.5—36.5
Bipupillar distance 59.0—71.5 | 58.0—70.5
Intercanthal index ‘ 28.4—38.0 | 28.4—38.0
Circumference-intercanthal 4.9— 6.8 4.9— 6.8_.\_ ‘
index
Interorbital distance 19.5—30.7 18.5—29.5
Interorbital index 20.0—31.0 19.0—31.0
Circumference-interorbital ind.| 3.7— 5.9 3.7— 5.9

* ) higher values denote euryopia, and lower values stenopia

The data are calculated on the basis of the ex-
amination of adult North German probands, as well
as of smaller number of skulls, and are compared
with the results obtained in other studies (G iin t-
her 1933 a). According to this author the range
of the norm varies within + 2 standard deviations
from the mean value. An intercanthal index below

-28.4 index ‘units (further on 1) and a circumference-

intercanthal index below 4.9 i are characteristic of
stenopia; while a value above 38 i and above 6.8 i
resp. show the presence of euryopia. In a sub-
sequent study Giinther (1933 c¢) suggested as
the boundary for hypertelorism an intercanthal in-
dex of 42 i, and a circumference-intercanthal index
of 8 i. He concluded on the basis of his studies, that
the two indices do not differ between the two sexes
and that their values were not substantially influen-
ced by age. Thus they can be used regardless of
the age and sex of the individuals examined..How-

‘dver,. the evidence, that both indices are not in-

fluenced by age is not conclusive, since'it,is based
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The age dependance of the intercanthal index. The values X 4 1.5 SD and X £+ 3 SD and the boundaries o
euryopia, stenopia and hypotelorism for the Middle European population are gi
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ven (according to Giinther the upper limit of
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stenopia is 28.4 i). The minimum and maximum values ascertained in both sexes are presented.

only on the examination of a relatively small
mumber of skulls from children and on the know-
ledge that the two dimensions of the circumference-
intercanthal index in newborns correspond approxi-
mately to 59—60 per cent of the ultimate value
ascertained in adults. This does not necessarily
imply, however, that they show a constant growth
rate throughout their development (the prere-
quisite of a stable index).

Giinther’s classification of the two indices is
generally used both in Europe and in North Ame-
rica (Gorlin, Pindborg 1964). Yet even Giin-
ther admitted the occurrence of geographical dif-
ferences and since an acceleration of the growth
rate of the neurocranium provided evidence of
secular differences it should be verified whether
his classification applies for contemporary Middle
European population and whether it actually can
be used regardless- of the age in all individuals
examined. There are alfeady some discrepancies,
thus Pauli (1955) found euryopia in 15.25 per
cent of the children from the region of the Ruhr,
while Ginther (1933) anticipated that in the
case’of a symmetric distribution of the sign it should
theoretically occur in 2.3 per cent .of individuals.
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 MATERIAL AND METHODS

The present communication is based on a cross-
section examination of 1471 physically and mental-
ly normal children from Prague (751 boys and 720
girls) ranging in age from three months to six and
half years. The growth rate of the neurocranium
and of the face has been described in more detail
in-a separate paper (Figalova, Smahel 1973,
1974) including exact data. The subdivision accord-
ing to age and the numbers of probands in indivi-
dual age groups are presented in tabular form. We
have also used the data reported by HajniSova
(1968) who examined 1812 children and adoles-
cents from Prague ranging in age from 6 to 18 years
(the two programmes of study were planned joint-
ly). The data obtained by HajniSova are presented
only in graphical form (Fig. 1 and 4).

For the verification of Giinther’s classification of
stenopia, euryopia and hypertelorism on the basis
f’f the intercanthal index and of the circumference-
1nle1:canthal index we have used the measurements
obtained in the earlier mentioned study (Figalo-
va, Smahel, 1973, 1974) for the calculations
of these two indices. The mean values and other
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aent signs).
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statistical characteristics, "as well as the formulae
used for the computations, are presented in tables

1 and (X = mean value, s = standard deviation,
sz = mean error, v = variation coeficient, n =
number of cases). Hajnisova (1968) also

used in her study the intercanthal index and her
results obtained with school children and adoles-
“cents are in good agreement with our data. They
are presented jointly in Fig. 1, together with the
values X 4 1.5 SD and X 4+ 3 SD and with the as-
cerlained maximum and minimum values. Hajni-
Sovd did not ealeulated the second index and there-
fore we use for ils computation the mean valies
of the pertinent dimensions (Fig. 4). Both experi-

ence and calculations of other indices showed that
the resulting inaccuracy is negligible. Individually
computed values of ‘this index obtained during the
examination of children aged 0—6 years are pre-
sented in Fig. 3 and in Fig. 5, together with the
bounderies X + 1.5 SD and X + 3 SD and with
ascertained maximum and minimum values (for
the other data see the note). The distribution of the
intercanthal index according to its size in children
aged 0—3 years and 3—6 years is illustrated in
Fig. 2. This subdivision was carried out on the
basis of the resulls obtained in idividual age groups
(Tab. 1). They provide evidence that in children
up to three yvears of age the values of the index are
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TheXctrcugl[erence-inlercanlhal index. The wvalues X+ 1.5
SD, X 4 3 SD and the minimum and mazimum values are

given. The dashed line along the ordinate between 5.6 and -

5.9 i delimites the range of values calculated on the basis
of the data obtained by Hajnisovd in children and adoles-
cents aged 6—18 years. The range of the wvariations of the
values X+ 1.5 SD and X + 3 SD is marked in a similar
way. A full horizontal line illustrates Giinther’s classification
of the index and arrows indicate the suggested classification
for the Middle European population.

on average below 34 i and in older children ap-
proximately at the level of 35 i (the former group
includes six age groups and the latter four age
groups; both are presented in tables 1—3). Tables
2 and 3 show the frequency of euryopia and steno-
pia in individual age groups determined on the basis
of the intercanthal index, according to the classifica-
tion proposed by Giinther, as well as according to
the suggested classification. The corresponding val-
- ues of the circumference-intercanthal index are pre-
sented in Tables 5 and 6 together wtih the data on
the occurrence of hypotelorism and hypertelorism.

Besides the two reports whose results were used
in the present study (Hajnisova 1968; Figa-
lova, Smahel, 1973, 1974) there are some
other communications presenting numerical values
_ of the interocular distance or computations of in-
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o would like to draw allention 1oy,
sudy of Hajmis (in l)l"‘(::ﬂs)l,;)[)_l'C_S(‘l]l,m.giz1;1130 the
values of the ihtercanthe 4"““'\“"",”(’ uldren apq
adolescents. front Western (-'oln‘ml .t- » '10 age of |},
probands ranged from ne\\lmll nsl"(?-l'\ O‘fl"‘qg/ﬂﬂuh&
The reported values are al llf‘ [O“ '0‘ 94 indey
hus up lo lhroo‘ years of age are in agpeq.
ment with our rcsul}s. while lnl;?l.‘[lrht“.\' are rathep
lower. It would cerlainly be useflul if Turther analysig
of their values were 1o l"‘O(‘(‘(‘(I- ‘ _

Besides the measurements of the soll ussue strye.
tures ((‘nnlhi) more nll_('nlmn should be l"“(l_lo the
simultancous use of X-ray study of ”"'_ orbita] pe.
gion. The results of the latter are of pnrll(‘ul;n: value
for the diagnosis. bul .lh(‘ll‘ (lr;n\.'l)nvk consisls iy
the high cost involved in the tﬂr‘lllvng-up‘ of a serjog
of controls. The ll!ln(‘(‘(‘h‘Sﬂl') exposure of very
voung children to X-rays should frllsi) be avoided,
A very good study of the g,.m\v[l} ol the interorbity)
distance was reported by 3(| orin and his Co-Wor.
kers (1963). Cameron (1931 a. b. ¢) published 5
series of papers dealing .wuh the contribution of
craniometry. This author 111\‘051]{,!"“‘(1 among olher
problems the correlation of the interorbiial dlS.lﬂn(:e
with certain facial dimensions and .pal.dv particulay
attention to racial differences. Hajni$ova ang
Hajnis (1960) made atlempls to measure the
interorbital and biorbital distance Intra vitam by
palpation of the outer and inner margins of the
orbits. This procedure for the (lt?termlnatlon of the
inner orbital margins, however, 1s not exact and in
smaller children is practically impossible. A measure
compromise is the report of L.e astadius et al.
(1969), who measured the distance. between the
inner canthi and outer orbital margins. Such a pro-
cedure might be a useful adjuvant, supplementing
the methods of study based on the measurements of
morphologic soft tissue and osseous structures. The
strict diserimination between the measurements of
soft tissue and osseous structures is also necessary
for the nomenclature.

dices. Thus W

; 5
units ana t

RESULTS

On the basis -of the intercanthal index, G iin-
ther (Lc.) determined for the German population
that euryopia varies within the range of 38—42 in-
dex units, and that values above 421are characteris-
tic for hypertelorism, and values below 28.4 1 for ste-
nopia. Thus mesopia varies within the range 28.4 to
38 1 i.e. 2 standard deviations from the mean value
according ‘to Giinther (see ‘Assessment of the In-
terocular Distance’). The validity of this classifica-
tion for the Czech population was verified by the
results of the two growth studies including probands
ranging in age from O to 18 years (see Methods).
Table 1 presents mean values and other statistical
characteristics of the index in children up to 6 years
of age (investigated by the authors). For reasons
mentioned under methods two age groups were
also used: the first included probands from 0 to
3 years and the second children from 3 to 6 years.
The data are presented in graphical form in Fig. I,
together with the. data reported by Hajnisové



TAB. 1 . Andex ;Méi'can,thal,'a (en—en) . 100 R LA R G S R S
e — i ot ; o
Ck - ek “L"’ iy % ‘!‘\‘2 \“‘\‘ ~ AR 0
Age in years '\B“YS | Girls
" X 7 R T ; ! .
! Al g v min —max n l X4+3.8 | & | v “min=max |
/4= 1/2 [ 27 | 33.30 ‘ I .
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51/2—61/2 | 96 | 3544 1 3.0 99 206 | 5.80 | 31.08—43.24 | 80 | 35.39 £+ 3.0.28 | 2.46 | 6.95 | 30.56—43.21,
| ' T 2831 7.98 | 20.35-40.70 | 97 | 36.51 & 3.0.21 | 2.04 | 5.74 | 30.00—40.28
0 -3 | 396 | 334 o | T T————F —
3 -6 | 355 35_2; i ?;8:; 283 | 8.46 | 96.32-43.76 | 380 | 33.73 1 3.0.15 | 3.00 | 8.89 | 22.73—45.95
| =3.0.12 | 234 | ggq | 27.03-43.24 | 340 | 3632+ 3.0.12 | 2.24 | 6.34 | 28.66—43.21
TAB. 2 Frequency o ) . . .
Honq) Y of euryopia and slenopia determined on the basis of the intercanthal index (suggested classifica-
Age in years c;l& Euryopia Stenopia n 1 Euryopia . Stenopia
| |
| abs o \\ abs 9 99 l abs - % | abs %
159:1 e . 4 148 1 370 30 4 13.33 2 6.67
1 —11/2 % 4 7.02 2 351 62 6 9.68 2 3.23
112—2 7 3 4.00 6 8.00 64 1 156 10 15.63
2 —21)2 79 5 6.49 8 10.39 65 6 9.23 3 4.62
21/2—3 81 5 633 11 13.92 81 9 1111 7 8.64
. 3 —31)2 78 11 13.58 4 494 78 11 14.10 3 3.8
: 312—41)2 9 1154 5 6.41 76 10 13.60 0o -
| 41/2-51 - 9 978 0 .- 87 7 8.06 2 230
r [2—51/2 89 6 6.74 = 0., =
51/2—61/2 96 0 80 11 13.75 ,
| 16 16.67 1 104 97 10 10.31 -
1
| -8 = 396 32 808 | 33 go8 380 37 9.4 27 111
- 355 40 1127 6 1.69 340 38 1118 2 051

Hypertelorism — 2 boys (0.27 %) and 2 girls (0.28 %) = 0.27 9 -
Hypotelorism — 1 boy (0.13 %) and 1 girl (0.14 %) = 0.14 9,

(Le.). This figure confirms that the values of the
index are not substantially influenced by age and
that there are not differences between the two
sexes. Thus it is possible to use a uniform clas-
sification of this index in both sexes and in all
age groups examined. It appears, however, that the
mean values in adults are slightly lower than those
obtained in children. A greater interocular distance
in children is also mostly described on the basis of
- visual inspection and the low mean values noted in

our study in probands up to 3 years of age are not
- due to-a grealer intercanthal distance but rather to
~a-greater distance between the outer canthi which
~influences the values of the index in a similar way.
- Figure 1 further shows that, inboth sexes, the
- level of 38 i approximately corresponds to the
mean plus 1.5 SD and the level of 42 i to the mean
plus 3 SD. The lower limit of euryopia 38 i, ie.
X+ 1.5 SD, is thus in agreement with the clas-

sical calegorization of anthropological indices, as
well as with current opinions on the use of standard
deviation for the assement of proportional character-
istics of bodily dimensions. The level of 42 unils.
ie. X +3 SD, thus corresponds to the margin
of a pathological condition — hypertelorism. The
maximum values ascertained are also mostly within
the range of euryopia (in three girls they reveal the
presence of mesopia), and only in 4 boys and 3 girls
are they already within the range of hypertelorism.
This holds true for 0.21 per cent of the 3283 child-
ren included into the two studies. It is obvious,
therefore, that the original range of values char-
acteristic of euryopia and of hypertelorism accord-
ind to Giinther can be used for the contemporary
Middle European population also.

Tab. 2 shows the frequency of individual mor-
phologic types of euryopia in our series. The values
ascertained in individual age groups of girls are
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ARE o requency of slenopia determined on the basis
of the intercanthal index (Giinther's classific-

ation*)

% ) “ Boys : Girls !

ge in years | , .

| m | abs | o | | abs l %
1 ‘ | !

1/4 — 1)2 27 0 | — 30 1 3.33

1/2 —1 | 57 0o | — | 82 0o | —
1 —112| 75 0 | — | 64| 3 | 469
11/2—2 | 177 3 3.90 | 65 [ 0o [ —
2 —212| 79 2 | 253 | 81 2 | 2.47
2 1/2—3 81 1 1.23 | 78 0 | —
. —31/2 | 178 2 | 2.56 76 0 | —
31/2—41/2 | 92 J 0 ]__ | 87 0 | —
41/2—51/2 | 89 o |— | 80 0o | —
51/2—61/2 | 96 | (- 97 0o | —
0 —3 | 306| 6 |152| 38 | 6 | 158
3 -8 355 | 2 | 0.56 | 340 0o | —

| " |
8 boys = 1.07 ¥ §
6 girls — 0.83 %} 14 children = 0.95 9

> SR
) the frequency of euryopia is similar as in Tab. 2.

about 10 per cent, with the exception of 1.56 per
cenl _foun(_l in the 3rd age group. The values as-
(-m'lalnod in boys show greater variations (4.00 to
16.6{ per cenl), but the mean value is also ap-
proximately 10 per cent (in the case of a sym-
melric dlslrll)ullm} of the character the theoretically
anticipated value is 6.5 per cent). In agreement with
the growth curve pattern of this index the frequen-
cy of euryopia is lower in children up to three
vears of age than in older children. We encounter-
ed hypertelorism in two boys and in two girls
(9.2/_ ). In three of them it was due to an exces-
sive intercanthal distance, while in the fourth case
1L was caused by the reduction of the bicanthal
d|§L§i11ce. Pauli (1955) found hypertelorism
(without signs of Greig’s syndrome) only in one of
Y900 probands, while euryopia was present in 15,25
per cent of 800 normal children and in 16 per cent
of 100 probands attending schools for metaly retard-
ed children.

The upper limit of stenopia, 28.4 i, established
by Giinther is too low for the Czech population.
Within the age group from 2 to 15—16 years it cor-
responds to the mean value minus 3 SD (Fig. 1).
Table 3 illustrates, equally, that in our population
this classification would yield only a few cases of
stenopia; about 1 per cent of the individuals exa-
mined. But this does not correspond to the con-
cept of stenopia as the opposile of curyopia, not
even in the presence of an asymmetric distribution
of this character with a smaller number of the types
characterized by a smaller intercanthal distance.
On the bhasis of the assessment of the resulls obtain-
ed and on comparison with the data reported by
other Czech investigators (Karnikovéa 1964),
the upper limit 30 i is considered most adequate
for the Middle European population. The substrac-
tion of 4 index units vields the hypothetic upper
limit of hypotelorism. This value is hypothetical
- and auxiliary, since the determination of hypole-
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at il was nol necessary to change

it was concluded that 1t '  char
the original upper limit of stenopia stated by Giip-
o

ther by more than 1.6 i (the Middle Europgan po-
pulatién shows a slight shift .towards euryopia).
Fig. 2 shows the distribution of the intercantha|
g.

index according Lo its size in children aged 0—3
vears and 3—0 years. The asymmetric distribution

is evident only in the first group. The perpendicular

broken line represents the upper.limit of stenopia
according to Giinther’s classification and confirms
that this classification 1s not adequate for our po-

pulation. The distribution of this sign in children
aged 3—6 years is in agreement.wnh the results
obtained by Hajnigovaé (Le.) in the age groups
ranging from 6—16 years. In adults there is again
a slight shift of the distribution curve to the left
(indicated by the mean values ascertained at the
age of 16—18 years). The suggested classification is

indicated on this figure.

The circumference-intercanthal index proved

~equally satisfactory for the assessment of variations

of the intercanthal distance. Ginther (lLc.) used
this index for the determination of the upper limit
of stenopia as 4.9 i, the lower limit of euryopia as
6.8 i, and the lower limit of hypertelorism as 8.0 i.
These values were under the assumption that there

are no differences between the two sexes and that

the index does not show marked variations accord-
ing to age. Tab. 4 contains the -computed statistical
data in children up to 6 years of age, the mean
values are presented on Fig. 3. The results confirm
(iiinther’s assumption that the differences between
the two sexes are negligible. ITis second assumption,
however, has some limitation. During the first year
pf life the growth rate of the neurocranium is more
intense than that of any other dimension of the face

" and thus the circumference-intercanthal index shows




“TAB. 4 Index circumference — intercanthalis (en —en) . 100 '
circumference of the neurocranium

; Boys Girls

Ageinyears ——— 7 0000 :
i n | x :*: 3-35: ! 8 | v . min_max ; n X :t 3.0i ‘ 8 ‘ v } min—max
1/4— ]/2 27 5.99 + 3.0.08 0.40 6.68 5.35—6.86 30 6.05 + 3. 0.11 0.60 9.92 4.68—17.12
1/2—1 57 |1 569+3.006| 046 | gos 488—7.38 | 62 | 6.86 - 3.0.06 | 051 | 870 | 4.88-7.32
1 —L1U2| 75 | 539+3.0.06 | 044 | 816 | 4.68_6.89 64 | 541 +3.006 | 045 | 832 | 4.40—6.51
11/2—2 77 | 8.37+£3.005 | 045 | g3g 3.96—6.63 | 65 | 538 +3.0.05 | 041 | 7.62 | 4.22-6.38
2 —212| 79 | 534+3.006| 043 | 805 | 438_610 81 | 544 £3.0.05 | 047 | 8.64 | 4.57-6.87
21/2-3 81 | 540+3.005| 044 | 815 | 442650 | 78 | 546 +3.0.056 | 045 | 8.24 | 4.68—7.14
3 —312| 78 | 6411+3.005| 040 | 739 424660 | 76 | 5.64 4+ 3.0.04 | 039 | 7.04 | 474-6.67
31/2—41/21 92 | 5561 +3.0.04 | 036 | ¢53 481-6.80 | 87 | 5.4243.004| 037 | 683 | 460-6.33
41/2-51/2| 89 | 546 +3.0.04 | 037 | gng 4.60—6.67 | 80 | 5.60 + 3.0.05 | 0.44 | 8.00 [ 4.60—7.00
51/2—61/2| 96 | 553 +3.0.04 | 0.41 | 74) 4.06—-6.67 | 97 | 6550 4+-3.0.03 | 033 | 6.00 | 4.75—6.41

TAB. 5 Frequency of euryopia and
(Giinther's classification )

stenopia determined on the basis of the circumference — intercanthal index

—
Euryopi ' ; i Stenopia
Age in years Gnd‘ & Stenopia I n Burgopsy P -
abs 9 abs 9, L abs 9 abs %
1/4— 1/2 27 2 741 R 30 3 10.00 1 333
1/2—1 57 2 35 3.23 1 161
1 1.75 62 2
1 —=11/2 75 1 1.33 = 9 14.06
8 10.67 64 0
11/2—2 77 0o - - 7 1077
11 14.29 65 0
g2 I 0 - 12 1519 81 1 123 11 13.58
21/2-3 81 0 o 10 12.35 78 1 1.28 10 12.82
3 =312 78 0 = 8  10.26 76 0 & 4 5.26
31/2—41/2 92 0o — 0 i 6 5.75
2 2.17 87
51/2—61/2 96 0 e 3 3.13 97 0 — 2 2.06
Total 751 5  0.67 58  7.72 720 8 111 © 86 778
No case of hypertelorism or hypotclorism
TAB. 6 Frequency of euryopia and stenopia determined on the basis of the circumference — intercanthal index
(suggested classification). i
1 ‘ i Euryopia ! Stenopia " i Euryopia Stenopia
Age in years - 33 ' 90 -
abs % : abs % | ; abs % " abs % -
| 1/4— 1/2 27 4 1481 0 - 30 7 23.33 1 3.33
| 1/2—1 57 5 8.77 0o — 62 6 9.68 0 e
1 —1172 75 2 2.67 6  8.00 64 1 156 6 9.338
11/2—2. 77 2 2.60 8 10.39 65 0 — 5 17.69
2 —21)2 79 0 = 9 11.39 81 2 247 6 7.41
21/2—3 81 2 247 7 8.64 78 1 1.28 6  17.69
3 —31/2 78 1 1.28 "3 385 |- 178 2 264 3. 895 .
31/2—41/2 92 3 3.26 0 = 87 0 - 4 4.60
41/2—51/2 89 2 2.25 1 1.12 80 3 3.756 5 6.25
51/2—61/2 66 3 313 2 2,08 97 1° 1.03 2. 2.06
‘Total 1 751 I 24 3.20 ’ 36 4.79 E 720 23 3.19 38 5.28
. | \ i 5 |- o |

Hypertelorism — 1 boy (0.13 %) and 1 girl (0.14 %) = 0.14 %
Hypotelorism — 1 boy (0.13 %) and no girl = total 0.07 %
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e eerease (from 6.0 i 10 5.4 i). During the Qull;
S€queny Periods of life no marked changes occur
as was shown by th evalues cildMied on ”?“ basis
"!’ the study of H ajnitovéa (Lc) which are
ngher than gy data (Fig. 4).
ig. 5 illnslml(-s, similarly 10 Fig. 1. the depen:

aence of the index values on age as well as the
boundaries X + 1.5 SD, X 4 3 SD and the as
certained minimum and maximum values. It was
Not possible 10 compare our datla with the l'l‘-‘ll_“-“ of

ajnitova whe did not use the circumference-inter-
canthal index and we have, therefore. computed

OF our purposes the values of this index 0".”“‘
basis of the mean values of the two dimensions
see methods). The dashed line along the ordinate,

in the segment between 5.6 and 5.9 1. shows the
range of variations of (hese computed values for
children and adolescents aged 6—18 years (Fig. 4).
On the basis of the results obtained it was possible
lo make a rough estimation of the range of the
values X 1 1.58SD and X + 3 SD. which is marked
by a dashed line drawn along the ordinate. Th(}
10rizontal line at the levels of 4.9 1, 6.8 1 and 8.0 i
shows Giinther's classification of the index, the ar-
TOWS on the right side show the limits of the range
of the classification suggested for the Czech po-
pulation. In contrast to the range of norm X + 2
SD proposed by Giinther, we have used the value
X+155sD similarly as in the former index, and
for the determination of hypertelorism and hypo-
telorism the deviation X + 3 SD from norm. An
exception is the fipst year of life, when it is not
possible to use {hijs index. The results obtained by
Hajnigova (Le.) are included in the assess-
ment.

As illustrated schematically in Fig. 5 the per-
tinent values used by Giinther for the determina-
tion of the modifications of the intercanthal distance
should be reduced for the Czech population. In
addition to geographical differences a certain role
is also played by accelerated development and by
secular differences. There is approximate agreement
in the determined upper limit of stenopia, which
we have on the basis of our results reduced by 0.1
i, ie. to 4.8 i. As the hypothetic boundary of
hypotelorism we take 4.0 1, representing in all ‘age
groups the mean value minus 3 standard deviations.
The minimum values are regularly within the range
of stenopia, with the exceplion of one case, where
it was even lower (as the result of an intercanthal
distance decreased by minus 2 SD and of an ‘in-
crease of the circumference of the neurocranium by
plus 3 SD).

Tab. 5 presents the frequency of stenopia in our
series according to the classification of Giinther and
Tab. 6 the corresponding value determined by the
suggested classification. Occasional incidence was
observed within the first year of life. In our opinion
it is not possible to use this index during this period
of early life. The low frequency of stenopia is
actually due to the relatively small circumference
of the head. After the first year of life its frequency
varies mostly about 10 per cent (according to the

classification of Giinther, between 10 and 15 per
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“bands (7.69 i and 7.21 1)
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cent). After the age of [lﬁl-(,(, ve
a decrease soccurings on-average ;.
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the value 6.8 represents Ilhv IVerage 800, - 13_';:
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individual age groups plus 3 Standayg e

and Tab. 5 ‘confirms that the use of i ((“\'i"‘liu,"
tion results only very rarely in the Sae

euryopia after l.h(‘ lirst _\'oa.r of h_I'('. Buy lhi\l-nn of
in agreement with the :lh(}\_(' (l.vfm(l-(l N’"(‘vh i5 v
eurvopia or }\-llll ils vlnssnfl(':m.nn m‘(‘“”“no) o
intercanthal index. On the basis ol ouy
well as of the data reported by |1, inis
we consider as an adequate lowep limjy of o ! (l‘e-)
6.4 i, and as an adequate lowep limjy of Tyopiﬂ
telorism 7.2 1 (the difference of 08 congY

lo the range of values ('har.zwlorlsli(- of ¢ Sp(,,](ls
The maximum values ascerlained ape "(’glﬂarlsop.'“’-
in the range of euryopia, but for two caga whigp
within the range of hypertelorism (one bo ch arg

S o
‘r(‘Suhs e

girl — in both the anomaly was dye solely " one

5 . . .

increase of the intercanthal distance). 0 the
The frequency ol euryopia in ouy series g

to the suggested classification i§ presente| inc ;:;mg
With the exception of the.fn'st lWo o .6,
(where the use of the index is not appropfia?e)ol:ﬁs
values obtained in boys vary mostly betweey 9 ¢
per cent and are slightly lOWG[: in girls. N a~3
The comparison of the basic datg on the iy,
canthal distance and on the circumferenCe b lehr-
neurocranium reported by investigators i e
country and abroad, including Ny s
(wich are quoted in the ahove mentioned stud
Figalovd, Smahel, le.) confirms e V&
cation of the reduction of the valyes dEIimiting .
dividual forms of the variations of the intercamha]
distance in the classification based o this indey
The boundary of hypertelorism 8.0 i established 1y
Ginther (1933 ¢) corresponds to sevepe formg
of this anomaly only and not to the current cop-
ception of hypertelorism as an abnormally increaseq
interocular distance. According to this classification
cven some cases-of Grieg’s syndrome are mot g
signated as hyperteloric. Thus of the four cases
described by Reill v (1931)

' ‘ the values of the
circumference-intercanthal index are above 8 i only

n the two other pro-

DISCUSSION

The evaluation of the indices investigated showed
esults are in agreement with Giinther's
classification on the basis of the intercanthal index
in the determined lower limiis of euryopia and h_Y'
pertelorism and on the other hand in the-determin-
ed upper limit. of slenopia according to the circum-
ference-intercanthal index. We differ to a moré
marked degree in the assessment of the latter.lnd‘ﬂx
where we congider the lower limits of euryopia fmd
hypertelorism suggested by Giinther unduly high.



TAB 7 . . . i Wi .. 9y Ny Y.
lf; Tl;)({jl:;:n'c;lydo.f curyopia and stenopi adetermined on the basis of both indices; “included are '{’,.‘l!/ ca.s'e.s.dcf ined
Y both indices qg euryopin or stenopia (suggested classification ). ’ a — . .
7 T ————— . R B
| - —. " e :
1 Age in years ’ d‘nd' f Euryopia ) ; Stenopia ' n . Eyryopia, ‘ Stenopia
3 e T, |
| l abs ?6 : ‘ abs o Q| abs % ‘ abs %
; é |

. } 1:1 " ’ o 1 2 74 | 0 - { ‘30 | 3 10.00 1 333

1 /__1 1/2 f' ’ 3 520 I 0 - 62 | 4 6.45 0 e

119—9 '€ [ %6 1 133 0 o4 | R 5. 17.81
o2 2 7 ] 0 - 4 610 | e 0 - 2 3.08
‘ 212-3 | 4 | o - 6 7569 | 8] l 2 247 3 3.70

3 312 4 S 1 123 2 247 78 1 1.28 2 256
‘ 312 : ' e ] 1128 1 1.28 76 0 - ’ 0 =
? Z 1/7;; }/f | &% 2 217 0 = 87 I 1 115

5 1/5‘6 \s e 223 0 = 80 3 8.7 0 =
| il - 2 208 R | 07 1 1.03 0 -
| .

Total |

f ota o 14 180 1817 | a0 | 14 Lo 14 194

No case of hyperteloriem op hypotelorism

Because of the discrepancies helw
sifications  the freqllellc)r of euryop
accord_lllg to G.unth.er’s classification on the basis of
bf)lh "}dl‘(‘(‘s (ie. in .cases where the two indices
vield similar results) is unduly low — below 1 per
cent (Tab. 8). Yet even the use of the suggestod
clasmﬁrahon _\'1(:lds a [requency of euryopia and
stenopia averaging less than 2 per cent (tab. 7)
and these findings are not in agreement with the
concept of the enlarggmem or narrowing of the in-
1er(_)cular Space occurring within the range of values
which are not yet pathological. Tt is therefore not
possible to use simultaneously the two indices in
the determination of euryopia and stenopia, since
a slightly increased or decreased interocular distance
is not reflected similarly in their values. We con-
sider the intercanthal index as more convenient for
the evaluation of the above mentioned varialions
of the interocular distance. Tt provides a more exact
characterization of the interrelations within the or-
bital region and Anvariably discloses any propor-
tional deviations. At the same time, however, it is
necessary to take into consideration the dimensions
concerned, since a decrease of the bicanthal distance
“also results in an increase of the value of this index
(though less commonly). In this case the circum-
ference-intercanthal index may be used for the veri-
fication of the results obtained. , g

In agreement with other investigators (Pauli
1955, Gaard 1961, Gorlin, Pindborg 1964)
we believe, on the contrary that, for the deter'mina-
tion of the presence of hypertelorism both indices
should be used. Hypertelorism represents a .patho-
logical condition characterized by an excessive in-
terocular distance which is necessarily reflected by
their values. In ‘this way it is possible to exclgde
questionable cases, as well as those where the high
values of the indices are due to other causes (de-
creased biocular distance in the intercanthal index
and a small circumference of the neurocranium in
the circumférence-intercanthal index). Under these

een these clas-
1a and stenopia

conditions we failed to disclose in our series any
case of hypertelorism (according to the intercanthal
index there were four cases and according to the
circumference-intercanthal index there were two
cases); this hold true even when the loxyer limit
of hypertelorism by the circumference — intercan-
thal index was reduced to 7.2 i. This index is con-
sidered more valuable by most authors because of
the high values which suggest hypertelorism (P a u-
L, 1951, found hypertelorism in five per cent of
800 normal probands according to the intercanthal
index and'in no case according to the second index.
This ‘Confirms the discrepancy between Giinther’s
criteria for the evaluation of the two indices). The
lower limit of 7.2 i suggested in our proposed clas-
sification is' more suitable for the diagnosis of a
pathological enlargement of ‘the interocular space,
as well as for ts ‘evaluation according to the inter-
canthal index. The assessment of the data reported
by other investigators; both with regard to the range
of norm and td'the ‘case reports dealing with patho-
logical conditions, showed that this applies generally
and not only for the Middle European population.

For the ‘detection of hypotelorism both indices
should also be ‘used, but its determination on the
basis of the intercanthal distance alone is of no
practical value. The increased proximity of the two
orbits is not regularly associated with correspond-

TAB. 8  Frequency of euryopia and stenopia determined
on the basis of both indices (Ginther's

classification). .
0 — 6 years ' " Euryopia ~ Stenopia
" total ‘n abs.. 9%, abs 9,
- Boys 751 4' 0.53 5 0.67
Girls' Pl em20 0 7 0.97 6 0.83

No case of hypertelom's'rh or hypotelorism '



ll}l:gre(i'l(ﬁ:izs of the covering soft tissues and it is
of the Orbitsel’llslml 1o sludy.and evah'mte the position
are bits. The boundaries of 26 i and 4.0 i resp.

mentioned only for the sake of completness and
may be used in so

. me selecled cases for rough orien-
lation. : g

Sl.mllarl_v as we have verified whether it was
possible to use in our population same houndaries
proposed by Giinther for the assessment individual
forms of an increased or decreased interocular di-
Stance by means of indices calculated on the basis
of direct_cephalommetric measurements (i.e. of the
intercanthal distance). it would be necessary lo use
lhe same procedure for the verification of the vali-
dity of Giinther's classification for the measure-
ments of the hony framework. This would con-
tribute to a definite and uniform diagnosis, to the
study f)f the interrelations between the soft and
horf.\‘ Ussues, as well as to the evaluation of osteo-
logic materials. '

Afl(.*r the termination of the present study we
were n a posilion to examine by cephalommetry a
small control series of adult Czech men and women.
The _same dimensions as described above were
studied in the ocular region and the results obtain-
o.d are presenled in tables 9 and 10. They con-
flrmod the justification of the conclusions discussed
in the preceding paragraphs. Table 9 reveals a slight
shift towards euryopia in the Middle European po-
!)ll]{lll.on with a higher relative frequency of euryopic
individuals. The data presented in table 10 docu-
ment }he justification of the corrections in the clas-
sﬂilcatlon of the circumference-intercanthal index.
\"\ e are aware of the fact that there are still certain
discrepancies in the interpretation of the Lwo in-

dices investigated. The lower limits of euryopia and

of hypertelorism detected on the basis of the inter-
canthal index should be replaced by slightly higher
values. The original boundaries suggested by Giin-
ther, however, proved on the whole satisfactory
and their use allows a comparison with the results
obtained by other investigators.

The suggested interpretation of indices might re-
present a starting point towards an uniform clas-
sification of the Caucasian populations. In practice

it could be applied for the assessment of the mor-

phology of the ocular region (stenopia, mesopia,
euryopia), as well as for the detection of hyper-
telorism. Because of the importance of the position
of the orbits for the determination of hypertelorism,
an X-ray film of the orbital region is essential.
The findings are mostly in good agreement (in an
" opposite case the anomaly ascertained should be
designated as pseudohypertelorism, e.g. in ble-
pharophimosis, dystopia canthorum etc.). Thus, as
was shown already by the studies of Ginther
(1933 a, b, ¢) the suggested classification based on
the morphology of soft tissues is convenient for gen-
eral use. This was further confirmed by the wide-
spread use of this method in current clinical practice
(Gorlin, Pindborg, 1964 and other authors).
This procedure is considered indispensable to an
objective evaluation of the increased or decreased
interocular distance. . - hi W -
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SUMMARY

Our study aimed to verify the validity of Gi
ther's classification (in North German populmio“'fj
of euryopia, stenopia and h_vperl(\lons.m, by me §)
of the intercanthal index an(} of lh‘(* ('u'cmn[erox‘u.
intercanthal index, for the Middle European D“Dul&
tion. The vm-ifi(‘aliOI_l was based on the (‘xaminaus.
of 1471 normal children l'.rmn ng}w ranging in
age from 0—6 years (Figalova, §y, lt{e
1973, 1974) as well as on the dala reported |’
Hajnisovd (|9'68) in children and adolesCem
from Prague, ranging in age fromﬁ to 18 \’eas
(1812 prnlmn(ls examined). An additiona] groﬁp PT
controls consisted of normal adults. From the I‘0
sults it follows: . ©

1. It is always necessary o discriminate betwe

‘e PR en
the position of the orbits and the morphology oF
e aoft tisaued. This (llS(‘l:lllllllﬂllOl] 1S not reflém@d
by the nomenclature which leads often o ervor
and confusions. It is therefore necessary 1o yg, r(ﬁ
the former the designation interorbital widy, biA-
orbital width, inlerorl‘nlal' index, circumferepe,
terorbital index ele. and 1n .the latter the terms j,.
tercanthal width, bicanthal (interectocanthal) width
intercanthal index, circumference-intercanthal indey
Ll(‘j. In agreement with Gint h.e r (1933 a. b, o)
we have determined 38 index units (i) as the lowep
limit of euryopia and 42 i as the lower limij; o
hypertelorism. Contrary to Giinther's classificatiop
we have lifted the upper limit of stenopia by 1.6 i
e 1o 30 i, and 26 i was determined as the h\'po:
thetic upper limit of hypotelorism (mesopia = 3()_
38 i). The relative frequency of individual forms of
variations of the intercanthal distance in our serjes
is illustrated in Tab. 2 (we have noted a slight shif;
towards euryopia in the Middle European popula-
tion).

3. According to the circumference-intercanthal
index the upper limit of stenopia was determined
as 4.8 i, the upper limit of hypotelorism as 4.0 i
(hypothetical values), the lower limit of ‘euryopia
as 6.4 i and of hypertelorism as 7.2 1 (mesopia =
= 4.8—6.4 i). Compared to Giinther’s classification
we. have reduced the lower limit of euryopia and
of hypertelorism, since they were not in agreement
with the classification of these types by means of
the intercanthal index, nor with the definition .of
these terms. It is not possible to use this index for
the evaluation of probands during the first year of
life, when the differences between the growth rate
of the intercanthal width and that of the circum-
ference of the neurocranium result in changes of its
values (reduction). The relative frequency of in-
dividual forms of variations of the interocular
distance in our series, established on the basis of
this index, are illustrated in Tab. 6.

4. The use of the intercanthal index alone is re-
commended for the classification of a slight enlarge:
ment or narrowing of the interocular space, Le. 0
euryopia or stenopia which are still not pathologlc'
al conditions. A simultaneous use of the two indices
is not possible since slight changes of the intﬁrocul.?‘-‘f

ang

e-in-



TAB. 9

The intercanthal index and the frequency of euryopia and stenopia in adulls.

|

I

| n X413 .- $ P

| i + 3.0z . > _ Euryopia Stenopia

, ’ HUn==max abs % abs %
Men 50 ’ n

35.
Women ’ 50 32 32 i;’ - ‘ 2.20 6.29 29.89—40.91 4 89 1 29
ek 3.0.48 | 2.04 5.73 30.76—40.96 5 10% 0 -

e !

TAB. 10 .
The circ ; .
| umference-intercanthal index and the frequency of euryopia and stenopia in adults.
| » X4+3.4; ’ i i
L s T [ e | B | o
| o ()
Men ‘ 50 5.5
.51
Women | 50 o i : -y ‘ 0.41 7.44 4.56—6.50 2 4% 2 49,
} + 0. 0.39 6.96 4.74—6.66 3 6% 1 2%

distance are mostly

R not reflected simi ; )
indices (see the low similarly in the two

The ot W frequency in Tab. 7 and Tab. 8).
intercanthal index provides an exact character-

1zation of the interrelations within the ocular re-

" Sogrd :
gion, but it is necessary to take into consideration

increased) brochies apondex, ince  decrcased
\ $ resulls, equally, in an
mcrease (doorease).of the index values (in this case
the circumference-intercanthal index can be used
for verification). But it represents a sensilive me-
thod for the detection of any proportional deviations
(the mean frequency of euryopia in the Czech po-
pul—atwn is about 10 per cent — Tab. 2, 9).

5. For the detection of hypertelorism, on the
o.ther hand, the use of both indices is necessary,
since they both invariably reflect a pathological in-
crease of the interocular distance. Questionable
cases, or those where high values of the index are
due to other causes (decreased biocular distance of
the intercanthal index and a small circumference
of the neurocranium of the circumference-inter-
canthal index), are reciprocally excluded. Under
these conditions no case of hypertelorism was de-
tected in our series (using the intercanthal index
alone 4 cases, and using the ecircumference-inter-
canthal index 2 cases). Thus hypertelorism is virtu-
ally absent in a normal population (in isolated
forms suggesling the possibility of some further
dysmorphogenesis a thorough examinalion is indic-
aied).

The use of both indices is equally necessary'for
the detection of hypotelorism, since its determina-
tion on the basis of the intercanthal distance alone
is problematic and of no practical value. The per-
tient bounderies are mentioned only for the s_ake of
completness (there is a lack of agreement with the
position of the orbils; therefore X-ray diagnosis 1s
necessary). X-ray study is also necessary for l!)e
definite diagnosis of hypertelorism (for differentia-
tiation from pseudollypertelor'ism).. _

6. The suggested classification 1s satisfactory for
the Middle European population. Knowledge on the

circumference-intercanthal index is of more general
character, The results cannot be used for ethnically
differing populations without verificalion.

ZUSAMMENFASSUNG

In der vorliegenden Mitteilung wurde iiberpxiiit
ob die von Giinther bei der Norddeutschen Popula-
tion verwendete Klassifikation der Euryopie, Steno-
pie, bzw. des Hypertelorismus an Hand des Inter-
kanthalindex und Umfang — Interkanthalindex bei
der gegenwiirtigen Mitteleuropiiischen Population
verwendet werden kann. Die Kontrolle erfolgte an
Hand der Untersuchungen von 1471 gesunden Pra- -
ger Kindern im Alter von 0 bis 6 Jahren (Figa-
lova, Smahel 1973, 1974) unter gleichzeitiger
Verwendung der von Hajnisova (1968) publi-
zierten Daten, die bei 6—19 jihrigen Kindern und
Jugendlichen aus Prag ermittelt wurden (1812 un-
tersuchte Probanden). Die angeschlossene Kontroll-
gruppe bestand aus Erwachsenen. Aus den Ergeb-
nissen erfolgt:

1. Der Orbitalzustand muss stets von der Mor-
phologie der deckenden Weichteile unterschieden
werden. Diese Unterscheidung wird nicht nomen-
klatorisch eingehalten und daraus [rrtiimer und zahl-
reiche Unklarheiten erfolgen. Deswegen miissen im
ersten Fall die Bezeichnungen interorbitale Breite.
biorbitale Breite, Interorbitalindex, Umfang-Inter-
orbitalindex, und im zweiten Fall interkanthale
Breite, bikanthale (interektokanthale) Breite, Inter-
kanthalindex, Umfang-Intérkanthalindex usw. an-
gewandt werden.

2. Im Einvernechmen mit Giinther (1933a,b,
¢) wurde an Hand des Interkanthalindex die untere
Grenze der Euryopia als 38, und die untere Grenze
des Hypertelorismus als 42 festgelegl. Demgegen-
iiber haben wir dic obere Grenze der Slenopie ge-
geniiber Giinther’s Klassifikation um 1,6 auf 30
erhoht, und die hypothetische obere Grenze des
Hypotelorismus als 26 bestimmt. (:\Iesopie = 30—
38). Die relative Vertretung der einzelnen Formen
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der. Marial.ionen;.

Umserem U“lt’l‘suchungsgul wird in der Tab. 2
Wiedergegehen (bei (lmne\"lilloleurog@iischen Bevolke-
'ung wurde cipe loichlo\“\'erschiel)ung in der Rich-
tung der Euryopie verzeichnel),

3. .An Hand des Umfang-Intérkanthalindex wiit-
de die obere Grenze der Stenopit* als 4.8 und des
l‘l_\‘polelorisnms als 4.0 (hypothetisch). die untere
Grenze der Euryopie als 6.4 and des Hyperteloris-
mus als 7.9 (Mesopie = 4.8-6.4) fesigelegl. Im

\e!‘gleich zu Ginther's Klassifikation wurde die

untere Grenze derp Euryopie und des Hyperteloris-

mus betriichtlicly herabgeselzt da diese weder der
!\'lnssiﬁkalinn an Hand des Interkanthalindex noch
threr Definition nicht entsprach.

Dieser Index kann in den Bewertungen der Kin-
der im ersten Lebensjahr nicht angewandt werden,
dq dessen  Werte infolge der unterschiedlichen
Vachstumsrate der interkanthalen Breite und des
Gehimschiidelum[zmg‘vs herabgesetzt werden. Die
relative \'(‘rlrvlung von einzelnen Formen der ver-
dnderten interokularen Enlfemung in unserem Un-
tersuchungsgut nach diesem Index zeigt die Tab. 6.

A Es wird empfohlen zur Klassifikation einer
leichten \'G:'gr('isscrung. bzw. \'crengerung des inter-
okularen Raumes, d. 1. einer Euryopie, bzw. Ste-
nopie die wir noch als physiologisch betrachten,
nur den Interkanthalindex zu verwenden. Die
glelchzeitige Anwcndung beider Indexe ist deswe-

gen nicht miglich, weil die leichteren Veriinderun-

gen der interokularen Breite in den beiden indexen

nicht gleichmﬁssig in Erscheinung treten (siche die
niedrige relalive Vertretung in den Tabellen 7 und
8). Der Interkanthalindex charakterisiert gut die
Verhiiltnisse in der okularen Gesichtsgegend, die
aufeinander bezogenen Dimensionen sin jedoch zu
beriicksichtigen, da die herabgesetzte (erhohte) hi-
okulare Breite ebenfalls einen Anstieg (Herabset-
zung) der Index-Werte verursacht. Der Umfang-
Interkanthalindex kann dann als Kontrolle ver-
wendet werden. Dieser ermoglicht jedoch stets eine
sensitive Erfassung der proportionellen Abweichun-
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derinterkanthdlen Entfernung in -

e Hiuligkeit der Euryopie betriigy T

lgs(?lilie.(('{lll‘i‘saclﬂlllugivﬁlkcrung durchschnittlich 1 o/odf
g ‘ .
Iag: ~7:l2~).Foslslollung des I-I)'l)ql'[OIOI'i:%l]]lls ist (o
gegeniiber die \'(’.l‘\\‘e[l.(ll'}llg von })Ol(lo_n lndoxon‘
unerliisslich, da sich il ;tlen l).oulgn die patholg.
gischen Vergrdsserungen der lnlernkl.llm'('n i
fernung stels wiederspiegell. Sowohl die .
nen Fille. als auch (ll(‘j(.‘l]lg(‘l}. .!)01 denen dje hohey,
Index-Werten durch {m(l(‘ro (uru‘n_d(‘ verursachy v,
den (herabgesetzte bloku_larc W cile l;e:;!.x [nlerkan.
thalindex und ein l(lmngr Gchlrn§clmdelum[ang
heim Umfang-Interkanthalindex) schliessep, sich go
genseilig aus. Unter diesen Bedm.gunge;-] hﬁlben i
in unserem Untersuchungsgut keinen einzigén iy
von Hypertelorismus \'01'7:(31(w]1no} (E)"e, der Ve
wendung des Inlcrk.anlh'al‘md(:x A l‘all.c und (o
Umfang-Interkanthalindex 2 Fille). In einer gegyy,.
den Population I(O{nnl.t d.er PI)’perlelor1§mus prak-
tisch nicht vor (die isolierte Form weisy ,f die
Maoglichkeit ciner'anfleren D.ysmo.rphogenese hin
und stellt eine Indikation zu einer eingehendey, Un-
tersuchung dar). Der Hypotelorismus muygg
falls an Hand der beiden Indexe festgestelh‘ we
jedoch dessen Besqmmung an Haxld der inte
thalen Entfernung ist problematisch und hay
praktische Bedeutung. Die entsprechend?n Grenzen
werden nur \'ollstéindlgkel‘,shalbelj angefiihrt (fas Bias
steht keine Ubereinsllmm}mg mit Elem Orbvltalzu-
stand — und deswegen 1st eme ronigenologische
Kontrolluntersuchung e:‘fprderllch). Die e“d_gﬁltige
Diagnose des Hypertelorismus erfordert glelchf;,\lls
eine skiagraphische Er_héirtung (zur Unterscheldung
vom Pseudohypertelorismus). o .

6. Die vorgeschlagene Klasmﬁkagon gilt fiir dje
Mitteleuropéische Bevblkerung,‘ die Erkenntnisse
iiber den Umfang-Interkanthalindex haben einen
allgemeineren Charakter. Die Ergebnisse konnen he;
ethnisch unterschiedlichen  Bevilkerungsgruppen

n\-

Umsipya.

ben-
rden,
Pkan-
keine

‘ohne Uberpriifung ihrer Giiltigkeit nicht angewandt

werden.
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