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The s t ruc tu re  of the l a m e l l a r  r e c e p t o r s  in the musc les  of the t runk and l imbs  of embryos ,  
fe tuses ,  and chi ldren  up to the age of 5 y e a r s  was studied by impregna t ion  by the G r o s -  
Schultze method.  The fo rmat ion  of l a m e l l a r  co rpusc l e s  begins  at 3.5-4.5 months  of e m -  
b ryogenes i s .  By the end of the antinatal  pe r iod  t he i r  anlagen are  main ly  formed,  and m a n y  
V a t e r -  Pacini  bodies  attain a high level  of different iat ion.  The highest  concent ra t ion  of 
l a m e l l a r  co rpusc l e s  is found in the m u s c l e s  of the  upper  l imbs .  

Invest igat ions have shown that  l a m e l l a r  r e c e p t o r s  occupy an impor tan t  posi t ion among the va r ious  
types of s enso ry  endings in the human body. They  are  evidently not m e r e l y  t r a n s m i t t e r s  of ex te rocep t ive  
and in teroeept ive  s t imuli ,  but also med ia to r s  of p ropr iocep t ive  sensat ion.  They are  found in the t i s sues  of 
o rgans  of the locomoto r  sys t em,  including ske le ta l  musc le  [2, 3, 6, 8-10]. 

E X P E R I M E N T A L  M E T H O D  

Recep to r  endings were  studied in the musc l e s  of 50 embryos ,  fe tuses ,  and chi ldren up to the age of 
5 yea r s .  In each case  10 dif ferent  musc l e s  were  taken fo r  his tological  study, including the s t e r n o - c l e i d o -  
mastoid ,  pec to ra l i s  major ,  in te rcos ta l  musc le s ,  the r ec tus  abdominis ,  b iceps  brachi i ,  f lexor  d ig i to rum 
super f ic ia l i s ,  the abductor  pol l ic is  b r ev i s ,  r ec tus  f emor i s ,  gas t rocnemius ,  and f lexor  d ig i to rum longus 

(lower limb} musc les .  The same  p a r t s  of the musc l e s  
at the junction between musc le  t i s sue  and the tendon, 
toge ther  with a s t r ip  of tendon, were  taken for  inves t iga -  
tion. 

Sections in the e m b r y o s  were  taken through the 
whole l imb. The m a t e r i a l  was  fixed in 12% neut ra l  
fo rmal in  solution. F rozen  sec t ions ,  25-30 ~ in th ick-  
ness ,  were  s tained with s i l ve r  n i t ra te  by the G r o s -  
Schultze method. The m i c r o s c o p i c  s t ruc tu re  of more  
than 4000 senso ry  endings in the skele ta l  musc l e s  of 
fe tuses  and chi ldren  up to 5 y e a r s  of age, including 
385 l a m e l l a r  r e c e p t o r s ,  was studied indeta i l .  B iomet -  
t ic  m e a s u r e m e n t s  were  made with an ocular  m i c r o m e t e r .  

Fig. 1. Fo rma t ion  of l a m e l l a r  r e c e p t o r s  in 
f lexor  d ig i torum super f i c ia l i s  musc le  of 6 -  
month fetus. Pho tomic rograph ,  G r o s - S c h u l t z e ,  
400 x. 

E X P E R I M E N T A L  R E S U L T S  

The fo rmat ion  of l a m e l l a r  r e c e p t o r s  in human 
skele ta l  musc l e s  begins  at the end of the f i r s t  hal f  of 
in t rau ter ine  development ,  and soonest  in the musc l e s  
of the upper  l imbs.  In the musc l e s  of the thenar  
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TABLE 1. Dimensions of  V a t e r - P a c i n i  Corpuscles  in Skeletal 
Muscles of Childern under  2 Years  of Age 

Muscle 

Ste rno-c le ido-  mastoid . . . . . . . . . . . .  
Pec tora l i s  major  . . . . . . . . . . . . . . . .  
Biceps brachi i  . . . . . . . . . . . . . . . . .  
F lexor  digi torum superf ie ia l is  . . . . . . .  
Abductor poll icis  b rev is  . . . . . . . . . . .  
Rectus femor is  . . . . . . . . . . . . . . . . .  
Flexor  digi torum longus . . . . . . . . . . .  

Size of corpuscle  (in ~) 

minimum 

413.6 • 

506.6 • 136.4 

277.5 • 122.1 

418 x 149.6 

264 • 127.6 

484 x 88 

maximum 

343.2 

732 • 132 

876.2 • 

721.5 X 277.5 

616 x264 

484 • 176 
532.4 X 176 

TABLE 2. Percentage  of Lamel la r  Receptors  Relative to Total 
Number of Sensory Endings in Skeletal Muscles of Fetuses  and 
Children under  2 Years  of  Age 

Pe rcen t  of l amel la r  
Muscle 

corpusc les  

Abductor poll icis  b rev is  . . . . . . . . . . . . . . .  
Biceps brachi i  . . . . . . . . . . . . . . . . . . . . . .  
Gastrocne mius . . . . . . . . . . . . . . . . . . . . .  
Pec to ra l i s  major  . . . . . . . . . . . . . . . . . . . .  
Flexor  digi torum superf ic ial is  . . . . . . . . . . .  
Rectus abdominis . . . . . . . . . . . . . . . . . . . .  
F lexor  digi torum longus . . . . . . . . . . . . . . .  
S terno-c le ido-  mastoid . . . . . . . . . . . . . . . .  
Rectus femor is  . . . . . . . . . . . . . . . . . . . . .  

13.47 
11.51 
7.2 
7.11 
4.66 
4.35 
3.12 
2.88 
2.5 

Fig. 2. V a t e r - P a c i n i  corpusc le  in biceps brachi i  
muscle  of infant aged 5 months. Photomicrograph,  
Gros-Schul%ze, 80 x. 

eminence,  single recep tors  were found in 3.5-month fetuses,  and in other cases  somewhat la te r  (4-4.5 
months of embryogenesis) .  In this per iod they are  small  (44 • 39~) and ve ry  pr imit ive  in s t ructure .  In 
the center  of a developing r ecep to r  of this type are the axon and the c i r cu la r  and oval glial nuclei, while at 
the per iphery  there  are  one o r  two rows of elongated cel ls  connected together  by protoplasmic  p roces se s  

(Fig. 1). 

By the age of 5.5-6 months of embryogenes is  the number  of lamel la r  receptors  is  appreciably higher, 
and they include V a t e r - P a c i n i  corpusc les  and lameUar  r ecep to r s  of intermediate  type. The Vate r - -Pac in i  
corpusc les  are enlarged (382 • 154/z), and thei r  capsule consis ts  of 6-12 layers  of connect ive- t i ssue  
lamel lae  with oval and elongated nuclei,  and the inner  bulb occupies half or  two-thi rds  of the d iameter  of 
the receptor .  By the end of the embryonic  period,  the Vate r - -Pac in i  corpusc les  have attained a high level 
of differentiation. The capsule is thickened, the relat ive size of the inner  bulb is reduced, and it now 
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Fig. 3. V a t e r - P a c i n i  co rpusc le  ( t r ansve r se  s e c -  
tion) in r ec tus  abdominis  musc le  of child aged 1 y e a r  
9 months.  Pho tomic rograph ,  G ros  -Schu l t ze ,  280 • 

occupies  between one- th i rd  and o n e - q u a r t e r  of the 
d i ame te r  of the r ecep to r ;  the a.xon is mos t ly  single, 
and only occas ional ly  a re  co rpusc le s  with two or  
th ree  t e rmina l  f ibe r s  found. 

In the postnata l  per iod,  during the f i r s t  y e a r  of 
l i fe,  the number  of ma tu re  f o r m s  of V a t e r - P a c i n i  
co rpusc les  i n c r e a s e s .  At the same  t ime,  the number  
of in te rmedia te  l a m e l l a r  r e c e p t o r s  i s  reduced,  and in 
the musc l e s  of chi ldren aged 1 y e a r  they are  much 
l e s s  f requent ly  seen  than in fetal  musc les .  They a re  
evidently t rans i t ional ,  and during growth of the o r -  
gan i sm  they di f ferent ia te  into typica l  V a t e r - P a c i n i  
co rpusc l e s  (Figs. 2 and 3; Table  1). 

In chi ldren aged 3 y e a r s  the V a t e r - P a c i n i  c o r -  
pusc le s  a re  ex te rna l ly  a lmos t ind is t inguishable  f r o m  
those in adults.  The i r  ou te r  capsule  contains 22 con-  
nect ive  t i s sue  l amel lae  l e s s  than 1~ in th ickness ,  b e -  

tween which smal l  blood v e s s e l s  can s o m e t i m e s  be seen. Bes ides  the usual  s imple  V a t e r - P a c i n i  c o r p u s -  
c les ,  o thers  of more  complex  s t ruc tu re ,  with two or  th ree  inner  bulbs,  may be found. 

The l a m e l l a r  r e c e p t o r s  are  found singly and in groups  (of up to 3) in the connect ive  t i s sue  between 
bundles of musc le  f ibers ,  mos t  f requent ly  at the junction between the musc le  t i s sue  and the tendon, along 
the tendon bands,  and side by side with ne rves  and blood ves se l s .  Muscles  in d i f ferent  si tuations and with 
di f ferent  functions differ  in the i r  supply of l a m e l l a r  r e c e p t o r s ,  and they a re  mos t  numerous  in the musc les  
of the upper  l imbs  (Table 2). 

I t  is  in te res t ing  to note that  with inc reas ing  age the n u m b e r  of V a t e r - P a c i n i  co rpusc l e s  p e r  unit  a r e a  
d e c r e a s e s .  This is  evidently because  the p r o c e s s  of laying down the l a m e l l a r  r e c e p t o r s  is  l a rge ly  c o m -  
ple te  by the end of embryogenes i s  [1, 4, 5, 7]. 
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