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T he influence exerted  upon  th e  grow th of th e  jaw s b y  rem oval o f several 
te e th  h as  been ex tensively  s tu d ied . B y  rem oving th e  te e th  from  th e  sam e h a lf 
o f  b o th  th e  upper and  th e  low er jaw  in young an im als, a s tu n te d  grow th is 
in d u ced  in  th e  edentu lous halves ( Landsberger) .  S im ilar effects w ere observed 
a f te r  grinding the crowns to  th e  gum  m arg in ’s level, w ith o u t rem oving  th e  roots 
( B aker) .  In  our form er stud ies, to o th  rem oval was re s tr ic ted  p a r tly  to  one of the  
ja w s  (upper or lower, a lte rn a te ly ) ; effects of uni- an d  b ila te ra l to o th  rem oval 
w ere s tud ied  ( Adler, 1, 2). A fte r u n ila te ra l rem oval of th e  te e th  from  one jaw  
o f  young  dogs, s tu n ted  g row th  w as observed no t only  in  th e  eden tu lous m outh  
q u a d ra n ts , b u t grow th seem ed to  be slightly  in h ib ited  in  th e  opposed one also, 
in  sp ite  of being endow ed w ith  a full com plem ent of te e th  (  Adler, 1). A fter 
b ila te ra l m assive to o th  rem oval in  young dogs, s tu n te d  g row th  was d em onstra ­
te d  also in  th e  bone su p p o rtin g  th e  opposing d en ta l a rch  (  Adler, 2).

In  order to  gain fu r th e r  in fo rm ation  upon th e  role p layed  b y  th e  presence 
an d  function ing  of th e  te e th  in  th e  norm al grow th process o f th e  jaw -bones, it 
seem ed necessary to  ca rry  o u t experim ents in  young an im als, by  rem oving the  
te e th  crosswise, i. e. from  th e  one h a lf  of th e  upper, and from  th e  contralateral 
h a lf  o f th e  lower jaw , an d  to  observe th e  changes in  grow th induced . O n experi­
m en ts  of th is  type, no re p o rts  w ere found in d en ta l lite ra tu re .

In  the  presen t p ap er, resu lts  of a few experim ents are b rie fly  repo rted .

Technical data

Three mongrel dogs were used in the experiments, w ith litter-m ates as controls.
In  a pointer bastard  (female), a t the age of 8 weeks, the right upper and the left lower 

deciduous teeth were removed, and as many of the subjacent too th  germs as were easily acces­
sible. 10 months later the dog was sacrificed, a t the age of one year.

A similar m utilation of the denture was carried out in two kuvasz bastards ; in the one, 
the right upper and left lower, in the other, the left upper and right lower deciduous teeth were 
removed, and several — bu t by far no t all subjacent perm anent too th  germs, a t  the age of 
7 weeks. These animals were sacrificed 14 months later.

Tooth-removal was performed in intraperitoneal N em butal-anesthesia.1 The postopera­
tive course was uneventful. The dogs were kept in kennels together w ith the controls and other

1 N embutal was kindly supplied by A bbott Laboratories, Greenford, England.

3  A c ta  Morphologica V /3—4.



2 2 4 P. ADLER

dogs, all receiving identical food. Taking the food was seemingly in no way disturbed in  the expe­
rim en ta l animals.

Measurements were carried  out on macerated skulls, including the mandibles.
The tooth formulae o f th e  sacrificed experimental anim als are as follows :2

Pointer :

K uvasz A  :

M3
I

K uvasz В  :

The pointer was described in  another connection by Adler and Hradecky. For compari­
son’s sake, some measurements of anim als, reported in a former paper ( Adler, 1 )  have also been 
tak en  in to  account.

Findings

A  strik ing  asym m etry  o f  th e  v iscerocranium  is obvious in  all th ree  an im als. 
W ith  th e  te e th  in occlusion, a  d iscrepancy  is seen b e tw een  th e  u p p e r an d  lower 
d e n ta l  a rch  «midlines», am o u n tin g  to  5 — 8 m m  in th e  d iffe ren t specim ens.

2 In  the tooth formulae m olars are marked by M, prem olars by P , cuspids by C, and 
incisors b y  I, with numerical indexes showing their order m esio-distally. Thus, Ij the  innermost 
(central) incisor, P2 the second prem olar, etc. — Supernum erary molars observed in the pointer 
are m arked  by S.

T he «midiine» of the den tal arches is emphasized by a thick vertical line and arrow, 
po inting  to  th a t tooth in the opposing dental arch th a t lies vis-à-vis, when tee th  are in 
occlusion.

Occluding tooth units are connected by thin straight lines. W hen only a punctiform  con­
ta c t ex is ts  between opposing tee th , the connecting line is dotted.
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In  an  o lder generation  of k uvasz-bastards from  th e  sam e source, fa m ilia r  
«progenia» w as observed ( Adler  and H radecky). I n  th e  non-operated  c o n tro l 
litte r-m a te  k uvasz  th e  low er incisors b ite  ju s t  in  f ro n t of th e  uppers. I n  th e  
operated  an im al A th e  «overjet»  of th e  lower incisors am oun ts to  12 m m , w h ile  
in th e  an im al В it  is n o t g rea te r th a n  in  th e  contro l. W hile  in the  control p o in te r-

Fig. 1. Deflection of the sutura mediana palati ; forward-shift of the molars. In terrup ted  line : 
sagittal sym m etry axis relying upon spina nasalis posterior and foramen occipitale magnum. 
The anterior end of the median palatal suture is connected w ith the buccodistal cusp o f the 
second molar bilaterally, by full lines. The forward shift o f the second molar is obvious, by  

connecting the distobuccal cusp with the aforementioned symmetry-axis. (Pointer.)

b a s ta rd  th e re  was no progenia, p a rtia l reversion o f  th e  incisor overb ite  is seen 
in  th e  opera ted  an im al.

R egard ing  th e  m axillae  (Fig. 1), the  m ed ian  pa la tine  su tu re  d ev ia te s  
m arked ly  from  th e  m edian  sag itta l p lane of th e  c ran iu m  in all specim ens. T he 
dev ia tion  is th e  m ost m arked  in  th e  po in ter. T he m ed ian  sag itta l p lan e  o f  th e  
cran ium  w as determ ined  rely ing  upon an  an a to m ica l lan d m ark  a t th e  a n te r io r

3*
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circum ference  o f th e  fo ram en  occipitale m agnum , and  upon th e  sp in a  nasalis 
posterior, i. e. do rsa lly  fro m  th e  m axilla . A t th e  m ost v en tra l end o f th e  su tu re , 
in  k u v asz  В th e  d e flec tio n  from  th e  m e d ia n  sag itta l plane is ap p ro x im ate ly  
1 %  m m  less th a n  is th e  d iscrepancy  b e tw een  th e  upper and  low er m id lines w ith  
occlu d in g  tee th . N o s im ila r difference w as d em o n stra ted  in  th e  o th e r  tw o spe­
c im ens.

Fig. 2. M andibular m easurem ents. Full lines : connections between «infradentale» and the 
condylus on the one hand, betw een «infradentale» and th e  tip  of the angulus on the o ther hand. 
In te rru p te d  lines : connections between condylus and  th e  tip  of the angulus, respectively, 

and  th e  most distal p o in t of the median suture a t  the caudal surface of the m andible 
Fig. 3. M andibular m easurem ents. Height of the condylus from the tip of the angulus. Height 
o f th e  coronoid process from the tip  of the angulus. H eigh t of the highest molar cusp from the

lower border of the m andible
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In  th e  p a rtly  eden tu lous halves of th e  m ax illae , th e  non-rem oved m olars 
occupy  a m ore m esial positio n  th a n  th e ir  c o n tra la te ra l m ates. T h is fo rw ard  
sh ift o f  th e  m olars am ounts to  8 —9 m m . A ccordingly , th e  chord d raw n  be tw een  
th e  ce n tra l fossa or an y  cusp o f an y  m olar and  th e  an te rio r end of th e  m ed ian  
p a la tin e  su tu re  is m ark ed ly  sh o rte r  on the  o p e ra ted  side th a n  c o n tra la te ra lly . 
T his is only  p a rtly  due to  th e  m esial sh ift o f th e  m olars ; p a rtly  i t  m u s t he 
ascribed  to  th e  aforem entioned  deflection  of th e  m ed ian  pa la tine  su tu re .

O n th e  operated  side th e  b re a d th  of th e  m ax illa  appears to  be so m ew h at 
reduced  in  com parison to  th e  non-operated  side. T h is  difference is m a rk e d  n o t 
only  in  th e  v en tra l portion  o f  th e  upper jaw  w here sy m m etry  is s tro n g ly  in f lu ­
enced b y  th e  deflection o f th e  m idline su tu re  ( th e  la t te r  form ing th e  n a tu ra l  
sym m etry -ax is to  be relied upon), b u t  in th e  d o rsa l p o rtio n  also. T he d ifference 
is s lig h t, b u t  certa in ly  d em o n strab le , am ounting  to  1 — 2 m m .

In  th e  m andible, th e  distance  betw een th e  m o st caudal p o in t o f th e  a n g u ­
lu s’ t ip  an d  th e  m ost c ran ia l p o in t a t  the  circum ference of th e  coronoid  process 
is in  all specim ens 1 to  2 m m  longer on th e  p a r tly  eden tu lous side th a n  c o n tra ­
la te ra lly , w here all m an d ib u la r  te e th  are p resen t (w hereas some m a x illa ry  te e th  
w ere rem oved). No ap p reciab le  difference ex ists betw een  opera ted  a n d  non- 
o p e ra ted  sides as to  th e  h e ig h t o f th e  condyloid process, as m easured  fro m  th e  
tip  o f th e  angulus (F ig. 3).

In o rder to  gain some in fo rm ation  upon th e  len g th  of th e  h o rizo n ta l ram us, 
tw o chords were m easured  (F ig. 2) : the  one be tw een  th e  angulus’ t ip  an d  th e  
m o st dorsal po in t of th e  m ed ian  su tu re  on th e  ca u d a l m an d ib u la r su rface  ; and  
th a t  betw een  angulus an d  th e  m ost v en tra l p o in t o f th e  m edian s u tu re , ly ing  
as fa r  caudally  from  « infradentale» as com pelled b y  un ila te ra l rem o v a l o f the  
incisors. T he first chord  w as th e  sam e on o p era ted  an d  non-operated  sides in  all 
specim ens, in  th e  second one differences of 1 to  l ^ m m  were found, th e  d is tan ce  
being  reduced  on th e  p a r t ly  edentu lous side.

A  m arked  difference ex is ts  fu rtherm ore  in  th e  d istance betw een  th e  lower 
(caudal) border of th e  m an d ib le  an d  the  h ighest cups of th e  low er firs t m olar, 
th e  d is tan ce  being 1 — 5 m m  longer on the  n o n -o p era ted  side o f th e  m and ib le  
(F ig . 3).

Discussion

B y m eans of crossw ise (partia l) to o th  rem o v a l we in ten d ed  to  induce 
b ila te ra lly  analogous d is tu rb an ces of the  m a s tic a to ry  function , s im u ltan eo u sly  
w ith  differences in  th e  se t o f te e th  betw een th e  tw o  sides. H ereb y  w e hoped 
to  gain  some in fo rm ation  a b o u t th e  roles in  in d u c in g  grow th ch an g es, p layed  
on th e  one hand  b y  changes in  m astica to ry  fu n c tio n  (com paring o u r p resen t 
re su lts  w ith  those of our fo rm er studies), on th e  o th e r h and  by  th e  absence  of 
te e th .
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I t  is in te resting  to  n o te  th a t  in th e  m a x illa , p rac tica lly  th e  sam e changes 
w ere  observed on th e  p a r t ly  edentulous sides o f  th is  series as a f te r  rem oval of 
b o th  th e  upper an d  th e  low er tee th  on th e  id e n tic a l side or of th e  u p p e r tee th  
o n ly . In  the  m and ib le , how ever, th e  s itu a tio n  is d ifferen t. In  th e  p re se n t series 
n o  differences were fo u n d  in  th e  chord b e tw e e n  th e  angulus’ t ip  a n d  th e  m ost 
d o rsa l po in t of th e  m e d ia n  m and ibu lar su tu re  a t  th e  caudal surface o f  th e  lower 
ja w , w hereas a sligh t d iffe ren ce  — varying b e tw e e n  som ew hat m ore th a n  %  an,l 
2 m m  — was found b e tw e e n  th e  operated a n d  n o n -o p e ra ted  sides in  an im als  whose

Fig. 4. Deflection of m andibular median suture in K uvasz В , indicating asym m etry of alveolar 
processes, in  spite of symmetry of th e  basal arch

t e e th  h a d  been rem oved  e i th e r  on the  one side o f  th e  m andible on ly  o r on the 
sa m e  side of the m ax illa  a n d  m an d ib le .— T h e  ch o rd  betw een th e  ang u lu s  and  a 
p o in t  caudally  from  « in fradenta le» was eq u a lly  sm alle r on th e  o p e ra ted  side in 
th e  an im als  of th e  p re sen t series and of th e  fo rm er ones.

I n  th e  m andible a b a s a l  arch  and an a lv e o la r  po rtion  are know n to  ex ist. 
T h e  b a sa l arch was su p p o se d  n o t to  be in flu en ced  b y  th e  presence o r absence 
o f  th e  te e th  ( H äupl) ,  w h e reas  th e  existence o f  a n  a lv eo la r po rtion  is know n  to  be 
d e p e n d e n t on the  p resence  o f  th e  tee th  and  th e ir  sockets (Fig. 4). — In  th e  ligh t 
o f  o u r  aforem entioned fin d in g s th is s ta tem en t n eed s  revision. I t  is n o t th e  m ere
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presence or absence of th e  te e th  th a t  exerts an  in fluence  upon th e  basa l a rch , 
b u t  changes in  th e  (m astica to ry ) function  in d u ced  b y  th e  unequal d is trib u tio n  
o f th e  te e th  betw een th e  tw o  sides (com pelling th e  an im als to  chew th e ir  food 
u n ila te ra lly ) are capable  o f causing grow th differences even in th e  basa l arch . 
T h u s, th e  grow th of th e  basa l arch  depends to  som e — th ough  slight — e x te n t 
on th e  presence o f th e  te e th  an d  th e ir  function ing  d u rin g  m astica tion .

B y w h a t fac to rs was induced  th e  grow th d ifference o f th e  condyloid process 
in  th e  p resen t series, we are  unable  to  decide, since no consisten t difference 
was found  in  th e  condyloid  process’ height a f te r  u n ila te ra l rem oval o f b o th  
th e  u p p er an d  th e  lower te e th , an d  a g reater h e ig h t w as found on th e  o p era ted  
side a fte r u n ila te ra l rem oval of th e  upper te e th  on ly  as well as o f th e  low er 
te e th . •

Summary

The growth of the maxilla and of the mandible was studied in dogs in which a t the age 
of 7 to 8 weeks the teeth had been removed from the one side of the upper, and from the contra­
lateral side of the lower jaw. Growth changes induced in the maxillae were identical w ith those 
found after unilateral removal of the upper teeth only or of both the upper and the lower teeth  
unilaterally. In the mandible, differences were found in the chord between the angulus and a point 
caudally from «infradentale», b u t none in th a t chord betw een angulus and the most posterior 
point of the median suture a t the mandible’s lower border. In  the la tter, differences were found 
in animals whose teeth had been removed unilaterally from the mandible or from both the m an­
dible and the maxilla. U nilateral absence of the teeth  seems, therefore, capable of inducing 
some change in the basal arch of mandible, by way of changing masticatory function. This seems 
to supply proof th a t the growth of the mandibular basal arch is also subject to influences by the 
m asticatory function, in dependence on the presence and distribution of the teeth.
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ДЕЙСТВИЕ АСИММЕТРИЧНОГО (ПЕРЕКРЕСТНОГО) УДАЛЕНИЯ ЗУБОВ 
НА РАЗВИТИЕ ЧЕЛЮСТЕЙ СОБАК

П. АДЛЕР

Автор исследовал развитие верхней и нижней челюстей у собак, которым в воз­
расте 7 8 недель были удалены зубы из одной стороны верхней и из противоположной
стороны нижней челюстей. Вызванные изменения в развитии верхней челюсти были идеи-
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тичными с изменениями, обнаруженными после'одностороннего удаления только верхних 
зубов, или же после одностороннего удаления как верхних, так и нижних зубов. В ниж­
ней челюсти были найдены разницы расстояния между углом и одной каудальной точкой 
«infradentale», однако, не было обнаружено/разницы расстояния между углом и верх­
ней точкой Среднего шва нижнего края нижней челюсти. В последней были обнару­
жены разницы у животных, зубы которых были односторонно удалены -из нижней че­
люсти, или как из верхней, так и из нижней челюстей. Следовательно, одностороннее 
отсутствие зубов может, повидимому, вызвать некоторые изменения в базальной дуге 
нижней челюсти вследствие изменения жевательной деятельности. По всей вероятности, 
этим подтверждается, что жевательная деятельность, — в зависимости от присутствия 
и распределения зубов, -  оказывает действие и на'с азальную дугу нижней челюсти.

P ro f. P e te r Adler, D ebrecen , 12. F ogásza ti k iin . H ungary .
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