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M ongolism  is a pecu lia r p h rén as th én ie  b io p a th y  associated  Avith p lu r ig la n 
d u la r  insu ffic iency  m an ifestin g  itse lf, a p a r t  fro m  a n um ber o f  fa c u lta tiv e  
c h a ra c te r is tic s , in a com plex  o f sy m p to m s com prising  obliquely  se t (m ongolo id) 
ey es , o ligophren ia , m icrocepha ly , m u scu la r h y p o to n y , and  a d isp ro p o r tio n a te ly  
b u ilt  b o d y .

T h is un ifo rm ity  of th e  t r a i ts  o f th e  sy n d ro m e  m ake m ost cases look  like 
s ib lings.

T he id en tica l ap p ea ran ce  o f th e  disease in  a lm ost ev ery  case suggests  
a  com m on aetio logy.

W hile  th e  question  o f cau sa tio n  is s till d eb a ted , o b se rv a tio n s  keep  
a c c u m u la tin g  in w hich th e  p o ss ib ility  of a chrom osom e anom aly  is co n sid ered  
in  th is  disease [1, 2, 3]. Such consid era tio n s im p ly  an  ap p ro ach  to  th e  cause 
th ro u g h  th e  law s w hich govern  th e  chrom osom e-enzym e system . T h is is a p o in t 
w hich  has been raised before in th e  l i te ra tu re  [4, 5, 6 , 7, 8 ].

T h e  pa thogenesis  o f th e  disease is u n k n o w n , and a t te m p ts  to  th ro w  
som e lig h t upon  th e  p rob lem  are here  p re sen ted , w hich  are based  u p o n  a s tu d y  
o f  th e  ch a in  of m orphologic tra n sfo rm a tio n s  re su ltin g  in m ongolism .

T h ere  is ag reem en t in  th a t  th e  b ra in  o f p a tie n ts  w ith  m ongolism  w eighs 
less th a n  th a t  of th e  average  in d iv id u a l of th e  sam e age [9, 10, 11, 13, 12, 14]. 
H o w ev er, one of th e  in v a ria b ly  p re sen t ty p ic a l fea tu re s  of th e  d isease is m ic ro 
c e p h a ly . W e have been u n ab le  to  fin d  an y  d a ta  in  the l i te ra tu re  d iscu ssin g  
m ic ro cep h a ly  as a sy m p to m  assoc ia ted  w ith  m ongolism .

H ead  circum ference is g en era lly  expressed  in  re la tio n  to  age. T h e  a u th o rs  
s tu d y in g  i t  in m ongolism  seem  to  h av e  been m isled  by the  re ta rd e d  so m atic  
g ro w th  in  th a t  cond ition . T h ey  h av e  accep ted  th e  sm all skull w ith  th e  th o u g h t 
th a t  nan o so m ia , too , is a c h a ra c te r is tic  fea tu re  o f  th e  disease. T he fa c t,  h o w ever, 
is th a t  w here  the h ead  c ircum ference  of a p a tie n t  is com pared  n o t w ith  t h a t  o f 
a n anosom  b u t a n o rm al in d iv id u a l o f the  p a t ie n t ’s he ig h t, i t  w ill be fo u n d  
co n s id e ra b ly  less, occasionally  b y  as m uch as 5 to  6  cm . Fig. 1 co m p are s  the  
h e a d  circum ference  of 52 p a tie n ts  w ith  m ongolism  of e ith e r sex  in  d iffe re n t 
age g ro u p s w ith  th a t  o f n o rm a l in d iv id u a ls  o f  co rrespond ing  b o d y  h e ig h t.
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D eranged c h o n d rif ic a tio n  of th e  c ra n iu m  p rim o rd ia le , in o th e r  w ords, 
r e ta rd e d  p ro life ra tio n  o f  ca rtilag e  cells a t  th e  b a se  o f  th e  skull, ap p e a rs  to  be 
re sp o n sib le  for th e  c h a ra c te r is tic  shape o f  th e  sku ll. The base o f th e  skull 
b e in g  sho rtened , th e  c ra n iu m  changes in sh ap e  an d  a t  th e  sam e tim e  m icro
c e p h a ly  develops. T h is m a y  lead, seco n d arily , to  progressive com pression  of
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Fig. 1. H e a d  c irc ri r .fc reEC e o f  52 p a t i e n t s  w i th  m o n g o l i s m  o f  e i t h e r  sex  in  d i f f e r e n t  ag e  g r o u p  
a n d  o f  n o r m a l  i n d iv id u a l s  o f  c o r r e s p o n d i n g  b o d y  h e ig h t

F  ig. 2. M e r k e l  a n d  H a s s e l w a n d e s ’s d i a g r a m  i l l u s t r a t i n g  sk u l l  g r o w th  in  t h e  s a g i t t a  
p lan e .  N B  n e w b o r n ;  AD a d u l t ;  t h e  n u m b e r s  e x p re s s  age in  y e a r s

th e  b ra in , the  p r im a ry  cause  being p ro b a b ly  a rre s te d  grow th o f ca rtilage  
b e tw e e n  the  sphenoid  a n d  occipital bones, w h ich  are  know n n o t to  u n ite  in 
som e cases u n til a b o u t th e  2 0 th  year.

Clara  [15] an d  T ö r ő  [16] b o th  p o in t to  sp h enoocc ip ita l synchondrosis  
as th e  condition  w h ich  en su re s  grow th o f th e  b ase  o f  th e  skull in  th e  sa g itta l 
p la n e . A clear and  v iv id  conception  of th e  d y n am ics  of th is  g row th  is given 
in  M e r k e l  and H a s s e l w a n d e r ’s d iag ram  (F ig . 2).
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N o tw ith s ta n d in g  th e  a tte n tio n  St o c k a r d  [17] h a d  devo ted  to  th e  p o in t  
as fa r  b ack  as 1916, I n g a l l s  [12] th ir ty  y e a rs  la te r  dep lored  the p a u c ity  o f 
d a ta  in th e  l ite ra tu re  co ncern ing  the n o rm al d e v e lo p m e n t of sph en o o cc ip ita l 
synchondrosis . In su ffic ien t histological an d  rad io lo g ica l evidence has since  
accu m u la ted  to  give us a fu ll u n d e rs tan d in g  o f th e  fo rm a tio n  of th is im p o r ta n t  
ep ip h y sea l p la te .

Fig. 3. X -ray o f  the sphenooccipital com plex  o f  a newborn

Fig. 4. Frozen section in the inidsagittal plane o f  the com plex shown in Fig. 3 (x5 ) .  Cartilage 
o f the sphenooccipital synchondrosis seen in the centre

I t  was w ith  th e  fo rego ing  as b ack g ro u n d  th a t  we sub jec ted  the sp h en o o cc i
p ita l  synchondrosis to  a d e ta iled  s tu d y , th o u g h  i t  is n o t the  only area  o f th e  
sk u ll to  secure p o s tn a ta l  s a g itta l g row th  o f  its  b ase .

O ur o b se rv a tio n s seem  to  suggest th e  co n c lusion  th a t  the  sp h en o o cc ip ita l 
syn ch o n d ro sis  is an ep ip h y sea l p late w ith  one o f th e  p ro lifera tive  zones fac in g  
th e  spheno id  bone an d  th e  o th e r the b a s ila r  p a r t  o f  th e  occipital bone. I n t e r 
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p re tin g  sa g itta l sku ll g ro w th  in  a fu n c tio n a l sense, th is  m eans t h a t  th e  sp h e n o 
o c c ip ita l  com plex  develops as a single b o n e  w ith  the  sphenoid  its  “ e p ip h y s is”  
a n d  th e  b asila r p a r t  o f  th e  o cc ip ita l i ts  “ d iaphysis”  (F igs. 3 a n d  4).

L ike every  o th e r  ep iphysea l p la te ,  th e  sphenooccip ita l sy n ch o n d ro sis  
d e p e n d s  for its  n o rm a l d eve lopm en t on g en e tic , horm onal and v ita m in  fa c to rs . 
T h e  questio n  arises w h ich  of these  is th e  p rep o n d eran t fa c to r  in  th e  p a th o 
genesis of th e  d e fo rm ity  of th e  h ead  in  m ongolism .

I t  is d ifficu lt to  a t te m p t  a gen era l com prehension  of th e  d e v e lo p m e n t of 
th e  sk u ll in th is  d isease , for m ost o f th e  au to p sied  cases are p re m a tu re  an d  
y o u n g  in fan ts  an d  m o st o f th e  p u b lish ed  d a ta  refer to  such cases. N o r can  one 
re ly  on X -ray s for e x a c t in fo rm a tio n : e i th e r  th e  spinal co lum n o r th e  p a rs  
p e tro sa  p ro jec ts  i ts e lf  in to  th e  p ic tu re  o f  th e  sphenooccip ita l sy n c h o n d ro s is , 
a d v e rse ly  a ffec ting  ev a lu a tio n .

G r e i g  [18J speak s of a precocious o ssifica tion  of th is  c a rtila g in o u s  ju n c 
tio n  in  m ongolism . In  th e  lig h t o f o u r in v es tig a tio n s  one shou ld  th in k  o f  in 
h ib ite d  p ro life ra tio n  r a th e r  th a n  p recoc ious ossification .

In h ib ite d  p ro life ra tio n  of ca rtilag e  c a n  be the  re su lt o f g en e tic  fa c to rs , 
b u t  h y p o th y ro id ism , syphilis and v ita m in  A deficiency d u rin g  p re g n a n c y  are  
e q u a lly  capable  o f p ro d u c in g  i t  ( W o h l b a c h  and  B e s s i e , 19].

A ccording to  W e a t h e r f o r d  [20] th e  disease begins from  th e  s ix th  to  
th e  n in th  w eek o f em b ry o n ic  life w h en  th e  sphenooccip ita l sy n c h o n d ro s is  
s ta r t s  d iffe ren tia tin g , a n d  from  th is  he in fe rs , as does I n g a l l s , t h a t  th e  cau se  is 
e m b ry o p a th y .

A t th e  said  stag e  o f u te rin e  life th e  e m b ry o n ic  cartilage a c tu a lly  resem b les  
th e  so m atic  d ev e lo p m en ta l stage  in  m o ngo lism . This is w ell i l lu s tr a te d  b y  
H a g e n ’s re c o n s tru c tio n  m odel of th e  ch o n d ro sk e le to n  of a 17-m m  h u m a n  
e m b ry o .

O n sim ilar co n sid e ra tio n s , c h o n d ro d y s tro p h y , too , w ould  h a v e  to  be 
re g a rd e d  as of e m b ry o p a th ie  origin since a t  a ce rta in  stage of th e  lim b s , d e v e l
o p m e n t o f  th e  fo e tu s  d isp lays re la tiv e  m ic ro m elia  and an e lev a ted  c a lv a ry , i. e. 
in  b o d y  p ro p o rtio n s  i t  g rea tly  resem bles th e  chond ro d y stro p h ic  dw arf.

Y e t, who w ould  be likely  to  conceive o f  ch o n d ro d y stro p h y  as a sy n d ro m e  
o f  em b ry o p a th ie  ae tio lo g y ?

F o r th e  c lin o d ac tily  of the  l i ttle  f in g e r  seen in m ongolism  b o th  B e n d a  
[ И ]  an d  I n g a lls  [12] offer th e  e x p la n a tio n  th a t  the  u n d erly in g  le sion  affec ts  
th e  fo e tu s  a t  th e  tim e  th e  m eso p h a lan x  is in  th e  process of d if fe re n tia tio n . 
T h is  d iffe ren tia tio n  a c tu a lly  coincides w ith  t h a t  o f th e  ca rtilag in o u s  b ase  of 
th e  sku ll.

I t  should  be n o te d  th a t  c lin o d a c ty ly  is only a fa c u lta tiv e  s y m p to m  of 
m on g o lism , in d ic a tin g  in  a b o u t 35 p e r  c e n t  o f th e  cases th a t  c h o n d rif ic a tio n  
a n d  ossifica tion  are  ir re g u la r  and d e fec tiv e . One of its causes is a lw ay s  th e  
in a d e q u a te ly  d irec ted  p ro life ra tio n  of th e  ep ip h y sea l p late  of th e  m e so p h a la n x
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Fig.  5. H a g e n ’ s  reconstruction m odel of the chondroskeleton o f  a 17-mrn hum an em bryo

Fig. 6. X -rays o f  the little finger o f  three children w ith mongolism

6  A c t a  M o r p h o l o g i c a  X I / 4 .
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(F ig . 6). A crom icria  is p ro d u ced  in  a s im ila r  m an n er; so is a sh o rte n e d  fe m u r  
[2 1 ], w hich is a sy m p to m  in v a ria b ly  p re s e n t in  m ongolism .

The conclusion is t h a t  m ongolism  is ch a rac te rized  by  c h o n d ra l d y so sto s is  
in v a r ia b ly  affec ting  sk u ll and  fem ur fo rm a tio n , and som etim es th e  e p ip h y sea l 
p la te s  (m esophalanx) in  th e  o th e r p a r ts  o f  th e  body .

Fig. 7. M alocclusion and gothic palate

Fig. 8. A nteroposterior X -ray o f th e  skull o f a patient with m ongolism

C hondral dysosto sis  affecting  th e  sk u ll m ay  be reg a rd ed  as a d ev e lo p 
m e n ta l  anom aly  o f th e  p raech o rd a l an d  p a ra c h o rd a l p la tes due to  a w eak en ed  
in d u c tio n  p o te n tia l o f th e  no to ch o rd . In  m ongolism , th e  c ran iu m  p rim o rd ia le  
is  n o t  th e  only a rea  o f  th e  skull show ing  ch anges: the  sp lan ch n o c ran iu m  also  
re v e a ls  ch a rac te ris tic  signs such as a h y p o p la s ie  m axilla , sh o rte n e d  v o m er, 
a n d  hypop lasie  in c is iv a l bone. C om bined , th e se  re ta rd a tio n s  p ro d u ce  th e  go th ic  
p a la te ,  cause m alocclusion  (Fig. 7) an d  b r in g  fo r th  th e  m ongoloid o rb it  (F ig. 8) 
c h a ra c te r iz e d  by its  m o st cran ia l p o in t b e in g  th e  up p er o u te r, in s te a d  of th e  
u p p e r  inner, can th u s .
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T h is  phenom enon  is easily im ita te d  in  a sim ple m odel e x p e rim e n t. Tw o 
c irc le s , co rresp o n d in g  to  the  o rb its  o f th e  eyes, are d raw n  w ith  In d ia  in k  on a 
h a lf - in f la te d  ru b b er-b a llo o n . As th e  b a llo o n  is fu r th e r  in fla ted  so th e  circles 
grow  sy m m etrica lly . N ow  if an in ex ten s ib le  th re a d  has p rev iously  b een  fixed  
inside  th e  balloon w ith  one p o in t of an ch o rag e  b e tw een  andbelow  th e  tw o  circles 
an d  th e  o th e r one ju s t  opposite i t ,  th e n , on in fla tin g  th e  balloon , th e  circles 
w ill n o t  grow  sy m m etrica lly , b u t a ssum e a “ m ongolo id” shape (F ig . 9).

W ith  d is tu rb ed  ossification  o f th e  p rim o rd ia le  cran ium  a n d  re ta rd e d  
d e v e lo p m e n t of som e o f the bones o f  th e  sp lan ch n o cran iu m , m ongo lism  is

F ig .  9. Model experim ent im itating skull developm ent in mongolism (details above)

c h a ra c te r iz e d  by b o th  chondra l an d  desm oid  dysostosis. A d d itio n a l ev id en ce  
o f th is  is p rov ided  b y  th e  frequency  o f  an o m alo u s d en titio n  an d  b y  B e n d a ’s 
o b se rv a tio n s  on th e  ossification o f  th e  c ran ia l su tu re s  and  fo n ta n e ls  [11]. 
Skxdl fo rm a tio n  an d  cerebral d e v e lo p m e n t are  close co rre la tes .

S ince Fraser [22] had  firs t d esc rib ed  th e  child  b ra in  in m ongo lism , m ore 
th a n  25 papers h av e  appeared  d iscussing  th e  n eu ra l lesions in  th is  d isease . 
O n th e  w hole, th e  b ra in  of the child  w ith  m ongolism  shows im m a tu re  tissu es , 
h y p o x ia  (h y p erv ascu la riza tio n , gliosis), an d  h y p o p lasia  of th e  b ra in  s tem . 
F o r th e ir  degree th e se  ch a rac te ris tic  lesions d ep en d  on the age of th e  p a tie n t .  
T h ey  a re  th e  less severe , the  y o u n g er th e  ch ild  was a t  d ea th  (1 to  3 y e a rs  of 
age). In  o lder p a tie n ts  th e  cerebral ch an g es are m ore severe and  v a r ie d , in c lu d 
ing m a n y  senile p laq u es , A lzheim er’s n e u ro fib r illa r  and  neu ronal d e g e n e ra tio n  
(Jervis, 23).

P ressu re  causes th e  nerve cells to  a tro p h y  and  a tro p h y  p rogresses 
w ith  p rog ressing  p ressu re  on the n e rv o u s  sy s tem . B y progressive  p re ssu re , 
p ro g re ss in g  red u c tio n  in  skull vo lum e is m e a n t here .

6 *
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P r a d er  [24] d is tin g u ish e s  four p h ases o f  grow th  in ex tra u ter in e  life :
(I) F rom  b ir th  to  th e  th ird  year o f life th e  nervous system  alone p lay s 

a p a r t  in grow th .
(II) F rom  th e  th i r d  y e a r  of life to  th e  b eg in n in g  of the  period of p u b e r ty  

th e  synerg istic  effect o f  th e  ST H , the  th y ro id  g lan d , and  insulin  is responsib le  
fo r  grow th.

(III)  D uring  th e  p e r io d  o f p u b e rty  th e  a d re n a l co rtex  and  th e  gonads are  
th e  so m ato tro p h ic  fa c to rs .

Fig. 10. Curve showing birth  w eigh t o f  117 newborns w ith  m ongoloid (heavy line) and frequency  
curve o f birth weights o f  the new borns in Hungary in 1959 (fine line). Had only the m ongoloid  
children of more than  2500 g. birth weight been taken  in to  account, the two curves w ould  
run the same course. A s 20 per cent o f the patients m ongoloids are prem atures, those o f  less 
th a n  2500 g weight at birth h a v e  been included.The id en tica l frequency of the different w eight

groups is in stru ctive

(IV) A fter th e  p e r io d  o f p u b e rty  g ro w th  ap p e a rs  to  be due to  th e  jo in t  
a c tio n  of th e  an d ro g en ic  h o rm o n e  p roduced  b y  th e  ad ren a l co rtex  an d  th e  h o r
m ones produced  b y  th e  gonads.

In tra u te r in e  so m a to tro p h y  is th e  sam e in  p a tie n ts  w ith  m ongolism  an d  
in  n o rm al ch ild ren  (F ig . 10), b u t  e x tra u te r in e  g ro w th  in  th e  fo rm er b e tra y s  d is
t in c t  progressive r e ta r d a t io n  (Fig. 11).

This lagging ra te  o f  g row th  m anifests i ts e lf  ch iefly  a fte r th e  th ird  y e a r  
o f  life , from  w hich i t  is in fe rre d  th a t  th e  n e rv o u s  system  has suffered  no lesion 
t h a t  w ould ad v e rse ly  a ffe c t grow th (F ig . 12).

The e x p la n a tio n  fo r th e  som atic r e ta rd a tio n  is a p p a re n tly  to  be 
so u g h t in an  in fe rio r  p itu ita ry - th y ro id - in su lin  synergism .
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X -ra y s  fail to  th ro w  light on p lu r ig la n d u la r  insufficiency since in  m o n g o 
lism  th e  sella is n o rm a l in size and  sh a p e . C linical te s ts  (reduced glucose to le 
ra n c e ; Csabay, [25]) on  the  o ther h a n d , p e rm it th e  conclusion th a t  m ong o lism  
is co n co m itan t to  a d ien cep h a lic -h y p o th a lam ic  lesion resu lting  from  p ro g re s -

Fig. 11. B ody length o f m ongoloid children. A: boys, B: girls

sive  pressure on th e  b ra in . This is w h a t m ak es i t  seem probab le  t h a t  a p ro 
g ressiv e  reduc tion  o f  th e  relative v o lu m e  o f th e  sku ll exerts a slow b u t  g ra d u 
a lly  increasing  p re ssu re  on b o th  th e  ce reb ra l co rtex  and th e  d ie n cep h a lo n , 
th e re b y  p roducing  a hypoxy-b io tic  c o n d itio n . W e assum e th a t ,  p r im a r ily , th is
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Fig. 12. A  =  B inovu lar tw ins 3 years o f age, one o f  them  suffering from m ongolism . 
В =  A t the age o f 13 years tw in m ongoloid  is 35 cm less in height

c o n d itio n  in te rfe re s  w ith  th e  functional h ie ra rc h y  o f the  d ien cep h a lo n -p itu ita ry - 
en d o crin e  g lands a n d , secondarily , ac ts  u p o n  th e  co rtex  s ta rtin g  th e re  a p ro 
cess o f p rog ressive  d egenera tion  w hich u l t im a te ly  resu lts  in o ligophren ia  and  
m u sc u la r  h y p o to n y .

Summary

M ongolism  is a condition with an abnorm al chrom osom e number at its basis and a 
peculiar typ e  of m esenchym osis playing a part in its  pathogenesis. This m esenchym osis in ter
feres w ith  the chondrogenic ossification of the face bones and the calvary and th ereb y  gives 
rise to  progressive m icrocephaly. This in turn exposes the nervous system  to progressive  
pressure which assum edly  results in a state of increasing hypoxybiosis.

This sta te  m ay produce degenerative changes in  th e  cerebral cortex and the dien
cephalon, occasionally  even  the cerebellum, and th ese  m ay lead to oligophrenia, h yp o to n y  and 
a peculiar pluriglandular insufficiency.
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B E IT R Ä G E  ZUR PATH OG ENESE D E R  DO W NSCH EN K R A N K H E IT

L. HORVÁTH

D ie Downsche - K rankheit (M ongolismus) is t  ein a u f Chromosomenaberration beruhen
der Z ustand , in dessen Pathogenese eine besondere Art von  Mesenchymose eine R olle  spielt. 
P athogenetisch  erstreckt sich letztere auf die chondrogene Verknöcherungsstörung der Schädel
basis sow ie au f die desm ogene Verknöcherungsstörung des Gesichtsschädels und des Schädel
daches, a u f welcher Grundlage M ikrozephalie en tsteh t. Dadurch wird das N erven system  
progressivem  Druck ausgesetzt und auf dieser B asis dürfte ein fortschreitender h yp oxyb io-  
tischer Zustand entstehen.

D ieser hypoxyhiotisehe Zustand kann in der H irnrinde sowie im D ienzephalon , aber 
auch im  Kleinhirn degenerative Veränderungen hervorrufen, die die E ntw ick lung von  Oli
gophrenie, H ypotonie und einer besonderen Art von  pluriglandulärer Insuffizienz verursachen  
können.

ДАННЫЕ К ПАТОГЕНЕЗУ БОЛЕЗНИ ДАУНА 

Л. Хорват

Монголизм (болезнь Дауна) является состоянием, обусловленным изменением 
числа хромозом, и в его патогенезе играет роль своеобразный мезенхимоз. Мезенхимоз 
патогенетически распространяетса на хондрогенное расстройство окостенения основания 
черепа и на десмогенное расстройство окостенения лицевого черепа и черепного свода, 
и обусловливает прогрессирующую микроцефалию. В результате этого нервная система 
подвергается все усиливающемуся давлению, и этим, предположительно, вызывается 
повышающееся гипоксибиотическое состояние.

Гипоксибиотическое состояние может вызывать в коре головного мозга, а также 
в промежуточном мозге и мозжечке дегенеративные изменения, которые в свою очередь 
могут быть причиной развития олигофрении, гипотонии и своеобразной плюрпгланду- 
лярной недостаточности.

D r. László H o r v á t h , B u d ap est V II . B e th len  G. te r 2. H u n g a ry
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