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The monohybrid inheritance of 
strabismus is improbable in view of 
the manyfold aetiology of the  condi­
tion. Hypotheses concerning its origin 
and its hereditary transmission can­
not sharply be distinguished; what is 
inherited are the factors responsible 
for the symptoms. A part from  neural 
involvement, some authors refer to  
sensorial disturbances (fusion, refrac­
tion, prim ary amblyopia and  anom a­
lous correspondence) in connexion 
w ith the origin and transmission of 
strabismus. Certain authors [4, 6] 
point moreover to  the role played by 
mechanical factors. Others [16] postu­
late a mesodermal factor, referring 
to  a faulty differentiation of the 
muscular and fascial tissues, although 
contraction depends to  a great extent 
on the origin and course of the m us­
cles in which the shape or malform ation 
of the orbit may have a decisive part. 
H y d e  [9] observed inherited depres­
sions in the orbit of Siamese cats and 
regarded the phenomenon as a factor 
in the hereditary transmission of 
strabismus.

Imbalance of the eye muscle seems 
to  be correlated witli general skeletal 
malformations, e.g. with scoliosis [15]. 
Facial asymmetry, a frequent con­

com itant of strabismus, is undoubted­
ly of a causal nature [11]. The heredi­
ta ry  hypsiconchous or comaeconchous 
forms of the bony orbit certainly in­
fluence the development of refraction
[14] which may then affect the bal­
ance of the eye muscles.

According to  orbital m easurem ents 
performed on subm entovertical radio­
grams [18, 19], the angle formed by 
the tem poral and the nasal walls of 
the orbit shows, in respect of the two 
eyes, measurable differences in cases 
of convergent, divergent, uni-ocular 
and alternating squint.

The squint occurring in certain 
dyscranial syndromes, is also of orb it­
al origin [12]. For instance, Crouzon’s 
craniofacial dysostosis, w ith strongly 
divergent and shallow orbits, is asso­
ciated with divergent strabism us.

The factors responsible for the va­
rious forms of squint are obscure. 
W a a r d e n b u r g  [17] assumed the 
existence of a separate gene of diver­
gent strabismus, while J a n c k e  [10] 
observed no essential difference be­
tween the convergent and divergent 
forms in identical twins. Since strabis­
mus still constitutes a problem from 
the genetic point of view, only case 
reports are available as to  its  different
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aspects. In  any case, it  is only in 76 
per cent of monozygotic tw ins tha t 
th e  po in t of fixation shows no devia­
tio n  [5]. Our own investigations have 
likewise proved th a t in fam ilial cases 
convergent, divergent and  even ver­
tica l strabismus may occur in  both the 
ascending and the descending line in 
an indiscriminate fashion.

The case of a father an d  his two 
children will be presented in the fol­
lowing, with the purpose of supplying 
d a ta  concerning the o rb it’s role in the 
transm ission of strabism us, further 
th e  hereditary forms of squin t, and, 
finally , the usefulness of genetic re­
search  methods.

C a s e  R e p o r t s

F a th e r  and  son h ave  c o n g e n ita lly  de­
fo rm e d  skulls and  co n g en ita l s trab ism u s. 
T h e  d a u g h te r  s ta rted  sq u in tin g  a t  th e  age of 
4 y e a r s  w ith o u t preced ing  illness. P re g n a n ­
c y  a n d  delivery  were n o rm a l. T h e  fa th e r  is 
m e n ta l ly  sound. The d a u g h te r  is affected  
w i th  speech  defect, a t  th e  a v e ra g e  level 
in  h e r  stud ies. The bo y  is a  t im id  child, 
l iv in g  a t  a  detached fa rm , a n d  i t  w as no t 
p o ss ib le  to  establish c o n ta c t w ith  h im . No 
o th e r  developm ental ir r e g u la r i ty  o r op h ­
th a lm ic  d isorder is d e m o n s tra b le  in  any  
m e m b e r  o f th e  fam ily . T h e  m o th e r’s 
c ra n ia l  X -ray s  and  o p h th a lm o lo g ica l fin d ­
in g s  a re  norm al.

J . S .  ( father), aged 43.

6/7 + 3 .0  D =  +  2.5 D  cyl. 90°

V . : c o r r  R efr.

6/18 + 2 .0  D =  +  3.5 D  cyl. 90°

A sy m m e tric  cranium , w ith  h y p o p la s ia  o f 
th e  le f t  side (Fig. la ) . C ra n ia l ro en tg en o ­
g ra m  show s a  deform ed sk u ll; th e  groove of 
b o th  p a r ie ta l bones is w id e n e d  n e a r th e  
s a g i t t a l  su tu re . The b ase  o f  th e  skull is

sh o rt. T he  le f t  o rb it an d  th e  le f t c ran io ­
facial bones a re  h y p o p las tic . A  h a z e ln u t­
sized, sh a rp -ed g e  shadow  is v isib le in  th e  
r ig h t m a n d ib le  im m ed ia te ly  before th e  
re tro m o la r  tr ia n g le : i t  pushes th e  ro o ts  o f 
8 fo rw ard , so th a t  th e  to o th  h a s  a  t r a n s ­
verse  su b lin g u a l p osition  (F ig . lb ) . P u p il­
la ry  d is tan ce , 7.7 m m ; ex o p h th a lm u s , 1 m m  
do w n w ard  d is loca tion , 5 m m . I n ta c t  
eyeg round .

E y e  m ovem ents. M ad d o x -te st (d istance , 
1 m ): R ig h t  eye  fix in g  a t  24°; in fra  vergence 
8 ° d iv e rg e n t sq u in t.

L e f t eye fix in g  a t  24°; su p ra  vergence; 
8° d iv e rg e n t sq u in t. (L eft eye fixes only 
w hen  r ig h t  eye  is covered.)

M o til ity . A b d u c tio n  to  th e  r ig h t is 
in h ib ited  b y  n y stag m u s. W h en  looking 
u pw ard , i t  is th e  le ft, w hen  dow nw ard , it  
is th e  r ig h t  eye  w hich  lags b eh ind , th e  
o th e r  be in g  h y p e ra c tiv e . B ila te ra l fix a tio n  
n y stag m u s, m ore  p ronounced  on  th e  le ft 
side. A fte r-im ag e :

Z . S .  (daugh ter), aged 7.

6/12 +  7.0 D  =  +  0.5 D  cyl. 80°

V. : co rr . R e fr.

6/12 +  7.5 D  =  +  2.0 D cy l.o lO 0

T h ere  is n o  conspicuous c ran ia l o r facial 
d e fo rm ity  (F ig . 2a). C ran ia l ro en tg en o ­
g ram  show s a n  a sy m m etric a l sku ll; th e  
r ig h t o rb i t  a n d  th e  r ig h t cran io fac ia l bones 
a re  sm a lle r  (F ig . 2b). P u p illa ry  d is tance , 
57 m m . T h e  eyes a re  no rm al.

E y e  m ovem ents. M ad d o x -te st (d istance , 
1 m ): A lte rn a tin g  co n v erg en t sq u in t o f 
25° w h ich  rem a in s  u n changed  u n d e r th e  
eyeglass. S ynop tiscope, o b jec tiv e  angle, 
30° la rg e  a n o m a ly  angle. F ixa tio n , b ila te r ­
a lly  foveal.

T . S .  ( son ) ,  aged 5.

V. c a n n o t be ascerta ined  (th e  boy  re fu s­
ing  to  sp eak ). R e frac tio n : + 1 .5  D  =
=  +  2.0 D  cy l. 90°, b ila te ra lly .

A sy m m etric a l sku ll w ith  d ex tro la te ra l 
h y p o p la s ia . C ran ia l an d  facial an o m aly  hete- 
ro la te ra lly  s im ila r to  th a t  o f  fa th e r  (m irror- 
im age  sy m m e try ) . N o m ark ed  ex o p h th a l-
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m ua o r d is loca tion  (F ig . 3a). C ran ial 
X -ray s  show  sh o r t base o f  sku ll an d  high, 
p ro jec tin g  forehead . T here  is a  s trik ing ly  
deep im pression  on th e  c a lv a ria . T h e  righ t

th e  le f t  eye show s from  tim e  to  tim e  a  
s u p ra  vergence  o f  10° to  12° a n d  tu r n s  in to  
a  s l ig h tly  convergen t sq u in tin g  p o sitio n . 
W ith  th e  le f t eye fixing, th e re  is n o  dev ia-

Fio. la

F i g . 2 a F i g . 2 b

cran io facia l bones a re  m o d e ra te ly  h y p e r­
p la s tic  (F ig . 3b). P u p illa ry  d is tan ce , 62 
m m . N o rm al eyegrounds.

E ye  m ovem ents. M ad d o x -te s t (dis­
tan ce , 1 m ): W ith  th e  r ig h t eye  fixing,

tio n  ev en  if  th e  rig h t eye is co v ered . O cca­
sional d isap p ea ran ce  o f  s tra b ism u s . S u b ­
je c tiv e  ex am in a tio n s  can n o t be p e rfo rm ed .

M o tility .  T he righ t eye lag s beh ind  
w hen look ing  upw ard , th e  le ft w h en  look-
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F ig . 3a F ig . 3b

F ig . 4. J .  S. (fa ther): n o rm a l (46 X Y ) chrom osom al se t. M icrom ethod cu ltiv a tio n . U n n a-
blue sta in in g

in g  d o w n w a rd ; h y p e ra c tiv ity  o f  th e  con­
t r a la t e r a l  o rgan . T here  is no  ir re g u la r ity  in 
h o r iz o n ta l  m o tility .

F ix a tio n  -, b ila te ra lly  foveal.

Chromosomal examination

Chromosomes of the father and son 
were examined in lymphocytes cul­

tu red  from  peripheral blood. Using the 
technique of Moorhead et al. [13] as 
also our special version of H x jn g ee- 
eords [8] micromethod, we observed 
20 mitoses each. Both the fa the r’s 
and the  son’s chromosomal set was 
norm al. They comprised 46 chrom o­
somes, and no numerical or m orpho­
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logical abnormalities were registered 
(Pig. 4). The th ird  pair o f chromo­
somes was examined with particular 
care since it was here th a t  G e r l ó c z y  
et al. [7] observed deviations in a case 
of hemihypertrophy. No such anom­
aly was found in our cases.

Dermatoglyphic examinations

J . 8. (father) T otal num ber of ridges. 
196; 9 whorls, 1 loop. ATI) angle: 
right, 48°; left, 45°. H ypothenar trira- 
diation on both palms.

Mrs. J . S. (mother). Total number 
of ridges, 196; 1 whor l, 8 loops, 1 arc. 
ATI) angle: right, 47°; left, 48°. H y­
pothenar triradiation on both palms.

Z. 8. (daughter). Total number of 
ridges, 110; 6 whorls, 4 loops. ATD 
angle: right, 48°; left, 47°.

T . 8. (son). T otal num ber of ridges, 
99; 6 whorls, 2 loops, 1 arc. ATD 
angle: right, 49°; left, 51°. Hypo­
thenar triradiation on both palms.

In themselves, these d a ta  are not 
particularly valuable, bu t m ay be­
come useful as parts  of a later larger 
material.

D is c u s s io n

The vertical squint of father and 
son is evidently correlated with orbit­
al deformity. Ca p a l b i  and G u z z in a - 
t i  [3] pointed out the  hereditary na­
ture of the vertical component.

In the son, the strabism us on the 
side opposite to  the orbital deformity 
m ust have developed in the course of 
adaptation to the vertical paresis,

which was followed by a weakening of 
the contralateral antagonist. I t  was 
in this way th a t  the downward squint 
turned into a contralateral upward 
squint.

In  the daughter, only X-rays re­
vealed the cranial asymmetry. Her 
strabism us was horizontal. W ith the 
right side pathologic, strabisinus was 
decidedly alternating; incomitance 
turned into concomitance. I t  follows 
th a t imbalance of the eye muscles 
may be due to  hidden and not only 
to  manifest cranial or orbital asym­
metry.

Deviation was different in the three 
examined persons: downward in the 
father, upward in the son and conver­
gent in the daughter. I t  was vertical 
(and, a t the onset, probably identical) 
in the phenotypes (father and son), 
but had a different character in the 
daughter. Therefore, as regards the 
direction of deviation, inheritance of 
orbital dysostosis and strabismus does 
not seem to  p lay  a decisive role.

H yperm etropia combined with 
astigmatism  — a familial feature in 
the examined persons and m arked in 
the daughter — m ay likewise have 
contributed to  the observed phenom­
ena.

The so-called m irror image symme­
try , referred to  above and described 
also in squinting identical twins [2, 
14, etc.], is notew orthy from  a geneti- 
cal point of view. In  the examined fam ­
ily, it  was observed on the skull and 
on the orbital deformity.

According to  the chromosomal exam­
inations, asym m etry in the brother 
and sister was restricted to  certain
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bones of th e  skull; within norm al lim­
its, th e  th ird , large m ediocentral 
chromosomes were equal in size. Thus, 
in the  present case the anom aly was 
inherited  a t a subchromosomal level, 
w ith th e  transmission of com parative­
ly few genes. At least one of these genes 
was dom inant against the norm al 
allele, b u t  the appearance of a  devel­
opm ental anomaly in two successive 
generations is, of course, far from 
being a  conclusive proof.

S u m m a r y

E xam ination  of three squinting 
m em bers of a family (father, son, 
daughter) who had orbital dysostosis

combined with mirror-image symme­
try  has led to  the following conclusions.

Hidden orbital irregularity  may 
constitute a significant factor in the 
development and hereditary trans­
mission of strabismus. The direction 
of the deviation is no t decisive from 
the point of view of heredity; readjust­
m ent of the muscles changes the form 
of squint even in cases displaying an 
orbital anomaly. Anomalies with sig­
nificant dysostosis are also inherited 
a t a subchromosomal level, with the 
transmission of bu t a few genes. Der- 
matoglyphic examinations have been 
carried out in order to  create a basis 
for comparison.
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