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Several  months af ter  production of experimental  neuros is  in 4 monkeys,  marked degenerat ive changes 
were found in the skeleton, and were par t icu lar ly  marked on roentgenograms of the spine and cranial  bones. 

This paper  descr ibes  the resul ts  of a roentgenologic study of changes in the osseous system of mon-  
keys af ter  production of an experimental  neurosis .  

Fig. 1. Roentgenogram of lumbar  and par t  of tho- 
rac ic  spine of the baboon Kastrop (male, aged 4 
yea r s  9 m o n t h s ) - n o r m a l  for compar ison  (a), and 
roentgenogram of spine of monkey Mal 'chik with 
d iagrammat ic  representa t ion  (b): marked  os t e -  
oporos is ,  considerable reduction in height of v e r -  
tebral  bodies,  zones of recons t ruc t ion  of bone 
t issue of ver tebra l  bodies in the form of t r a n s -  
verse  bands of t rans lucency al ternating with 
bands of condensation, prolapse of nucleus pul-  
posus seen as indentations on lower sur faces  of 
ver tebra l  bodies. 

EXPERIMENTAL METHOD 

AND RESULTS 

Experiments were carried out on 4 male baboons 

(Papio hamadryas aged 4-5 years (Antopol',Gelendzhik, 
Mal'chik, and Kolet). To study the state of higher 
nervous activity, conditioned motor food reflexes were 
formed in all the monkeys to a dynamic stereotype of 
acoustic and photic stimuli (positive and differential). 
Indices of the conditioned reflexes thus produced and 
the general behavior of the monkeys testified to the 
normal state of their higher nervous activity. 

To produce a neurosis in the experimental ani- 
mals, one of the methods customarily used for this 
purpose [6] in monkeys was selected. For a long time 
(several months) the monkeys were kept under con- 
ditions so that their rhythm of sleep and waking was 
disturbed at random (diurnal stereotype). This trauma 
to the central nervous system of the monkeys con- 
tinued altogether for about 5 months and led to the 
development of a severe neurotic state in all the ani- 
mals, with characteristic changes in their conditioned- 
reflex activity and general behavior [2]. After the end 
of neurosis-producing procedure and removal of the 
monkeys from their situation of conflict, observations 
were maintained on the general state of the animals 
for 1 year. 

During the first 4-5 months after psychic trauma 
changes in higher nervous activity were particularly 
severe and profound. During the 6th-12th month of the 
postneurotic period, the state of higher nervous ac- 
tivity began to improve perceptibly, but conditioned- 
reflex activity and the general behavior of the monkeys 
were still definitely neurotic in character. An unusual 
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Fig. 2. Roentgenogram of the right knee of the monkey K a s t r o p -  
normal  for  compar ison  (a). Roentgenogram of right knee and leg 
of the monkey Antopol '  (b): t ransformat ion  of bone tissue in the 
region of the metaphyses  of the b o n e s - c y s t - l i k e  zones of r a r e -  
faction alternate with a reas  of condensation, zone of growth of 
car t i lage widened, a L o o s e r ' s  t ransformat ion  zone is p resen t  at 
the junction between the middle and distal thirds of the fibula, 
with a sleeve of callus (marked by arrow). Roentgenogram of leg 
and knee of monkey Gelendzhik with d iagramat ic  representa t ion  
(e): hyper t rophic  os teoporos is  and saber- l ike  deformity  of p rox-  
imal third of tibia. 

phenomenon was observed 4-5 months af ter  the end of psychic t rauma:  the gait of one of the monkeys 
(AntopoU) was changed; the distal ends of the fo rea rm bones were thickened and deformed. For  this reason,  
a thorough roentgenologic investigation was made of the skeleton of all experimental  animals.  

The skeleton of the monkey AntopoU was investigated one yea r  af ter  the beginning of psychic t rauma 
and 6.5 months af ter  its end, while the other  three animals were examined af ter  one year ,  4 months,  and 11 
months respect ively .  

Roentgenologic examination of all the experimental  animals revealed marked degenerat ive changes in 
their  skeleton. The most  conspicuous feature was general ized sys temic  os teoporos is ,  especial ly of the 
spine, followed by (in descending order)  the skull, pelvic bones, l imbs,  and segments  of the tail. Roentgeno- 
g rams  of the spine showed a decrease  in height of the ver tebra l  bodies, more  especial ly in their  anter ior  
por t ions ,  leading to wedge-shaped deformity  of the ver tebrae .  In two monkeys (Gelendzhik and MaUchik) 
prolapse of nucleus pulposus was observed.  Changes were found in the s t ruc ture  of the bone tissue of the 
ver tebrae  and their  density was reduced. In cases  of marked os teoporos is ,  the ver tebrae  of the monkeys 
became "glassy ,"  i .e. ,  they were difficult to differentiate against the soft t issues .  

In three animals (Gelendzhik, Mallchik, and Kolet), bands of t ranslucency extending throughout their  
d iameter  and from 1 to 3 mm in width were observed beneath the a r t i cu la r  surfaces  of the ver tebra l  bodies 
on both sides. Para l le l  to these were lines of condensation, making it appear that the outlines of the v e r -  
tebral  bodies on their  upper and lower surfaces  were double (Fig. 1). These bands of t ranslucency,  roent -  
genologically analogous to Looser fs  zones of t ransformat ion  of bone t issue,  are  interpreted as a special 
type of t ransformat ion  of the bone s t ruc ture .  Normal  weight-bear ing may be excessive for  pathologically 
changed bones,  and may lead to appearance of zones of t ransformat ion.  
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Fig.  3. Roentgnnogram of skull and ce rv i ca l  spine 
of the monkey Antopol ' .  Marked  os t eoporos i s ;  the 
mandible  is  hard ly  vis ible  agains t  the background 
of the c l ea r ly  defined soft  t i s sues .  

A t rue  L o o s e r ' s  t r a n s f o r m a t i o n  zone with the 
fo rmat ion  of a s leeve of cal lus  was obse rved  in the 
fibulae of two m o n k e y s - G e l e n d z h i k  and Antopol '  
(Fig. 2). 

Os teoporos i s  of the skull in the monkeys  was 
well m a r k e d  in some c a s e s ,  and the individual 
c rania l  bones (especial ly the mandible)  could hardly  
be di f ferent ia ted on the roen tgenogram f rom the 
soft  t i s sues  (Fig. 3). 

Degenera t ive  changes were  aIso found in the 
long bones of these  an imals .  In this case  os t eo -  
po ros i s  took the fo rm of randomly sca t t e red  c y s t -  
like t r ans lucenc ies ,  di f fer ing in s ize and shape. 
They were  pa r t i cu l a r ly  ma rked  in the dis ta l  pa r t s  
of the radius  and femur .  The medu l l a ry  canal of 
the long bones appeared  widened, and the cor t ica l  
i ayer  thin a M  nonhomogeneous.  The bones showed 
longitudinal s t r ia t ion ,  and the wall of the medu l l a ry  
canal was no longer  sharp ly  defined. 

Considerable  changes were  a lso  found in the 
hind l imbs  of the monkeys ,  e spee ia I Iy  nea r  the knee 

joint.  Hyper t roph ic  o s t eopo ros i s  was obse rved  in the p rox ima l  end of the tibia.  The s t ruc tu re  of the a r t i c -  
u lar  ends of this r eg ionwas  modified - a r e a s  of r a r e f ac t ion  of bone t i s sue  a l te rna ted  with a r e a s  of m a r k e d  
condensation.  The bones showed a s a b e r - l i k e  deformi ty .  The dis ta l  end of the f emur  fo rmed  a continuous 
curve ,  concave an te r io r ly  (Fig. 2c). A valgus (X-shaped) deformi ty  of the bones of the hind l imbs ,  with 
cons iderable  t r a n s f o r m a t i o n  of the i r  s t r uc tu r e ,  was obse rved  in one of the monkeys  {Mal'chik). 

I f d e g e n e r a t i o n w a s  advanced,  os t eoporos i s  could be detected in all  bones of the skeleton,  including in 
segments  of the taiI .  

The development  of ske le ta l  o s t eoporos i s  was there fore  demons t ra t ed  in all expe r imen ta l  monkeys  in 
this invest igat ion in the pos tneuro t ic  per iod.  Os teoporos i s  is now rega rded  as degenera t ion  of the bones 
[1, 3-5]. The bas i s  of the degenera t ive  changes in the ske le ta l  sy s t em of the monkeys  was a functional 
d is turbance  of the cent ra l  nervous  sys t em.  

Psych ic  t r a u m a ,  d is turbing the function of the higher  levels  of the cent ra l  nervous  sy s t em and of the 
co r respond ing  neurodynamic  s t r u c t u r e s ,  may  lead to the development  of degenera t ive  change in the m o n -  
key ' s  skele ton of the sy s t emic  os t eoporos i s  type,  with d is turbance  of the m i n e r a l  composi t ion  of the bones,  
the development  of L o o s e r ' s  t r an s fo rma t ion  zones ,  and changes in the s t ruc tu re  of the bone t i ssue .  Against  
the background of these changes de format ion  of the skeleton takes  p lace ,  e spec ia l ly  of those p a r t s  of it 
mainly  concerned with weight bear ing  (the spine and hind l imbs) .  
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