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The very high, precise sensitivity of the skin of Roza Kuleshova's fingers to nuances of l ight  and color, which 

enables her to read and to identify drawings with the 3rd and 4th fingers of her right hand, has a t t racted wide a t ten-  

tion. Certain physicists have hastened to advance incompetent  hypotheses, even publishing them in the centralpress.  
Thus, it  has been concluded that the subject 's  skin contains photoreceptor elements .  However, this hypothesis is un- 

founded, since even in the most extraordinary embryogenet ic  pathology we cannot consider it  possible for ce l lu lar  
structures such as photosensitive elements  to arise and develop in the vic ini ty  of the palmar  or plantar surfaces. 

Individuals s imilar  to Roza Kuleshova have been encountered previously in med ica l  pract ice .  Thus, in his 
"Physiological Dict ionary" (1894) Richet mentions a hysterical  girl who was able  to read mate r ia l  written on paper 
with her fingers and to feel colors; the author be l ieved  that this was done with the aid of thermal  sensations. A . N .  
Khovrin [4] described a s imilar  case as a rare form of hyperesthesia of the higher sense organs; this case also involved 
a young girl. 
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Fig. 1. Curves representing dark 
adaptat ion in a normal  individual  
(1) and in the subject,  Roza Kule-  
shova (2). The t ime (in rain) is 
shown along the abscissa and the 
photosensitivity level ,  as shown by 
the readings on an adaptorneter  
scale, is shown along the ordinate.  
The arrow indicates  the instant at 
which the fingers of the right hand 
were i l luminated .  

Roza Kuleshova is 22 years old. She has normal  visual acui ty  with a 
visus of 1. Working in the distribution of cultural  mater ia ls  to the blind from 
the age of 16, she pract iced reading ordinary typescript with her fingers. Per-  
sistently training herself daily in the development  of this abi l i ty,  within a year  
she achieved very good results in the differentiat ion of hues, not only on touch- 
ing them direct ly  with her fingers, but even when they were covered with 
thick glass. She easily tells  t ime  with her fingers through the glass of house- 
hold clocks, with an accuracy of up to 1 rain, using the positions of the hands 
on the dial.  

During the several weeks for which Roza Kuleshova was in Moscow we 
conducted physiological  investigations of her sense organs, especia l ly  the sens- 
ory apparatus of the skin and eyes and their relationship.  We used very diverse 
methods to e luc ida te  sensitivity, the adapt ive  reactions of the receptors to en-  
vironmental  Changes, physiological  cornpensation and concurrence in the sense- 
organ sphere, and the strength of the l inkages among the cor t ical  analyzer  
endings. Al l  these problems are of great  importance in the physiology of the 
sense organs. 

R E S U L T  OF I N V E S T I G A T I O N S  

With visual perceptions comple te ly  excluded, the subject reads news- 
paper text  with the 3rd and 4th fingers of her right hand under natural  and a r t i -  
f ic ia l  i l luminat ion and easily distinguishes the details  of illustrations with re-  
spect to hue and intensity, as wel l  as the detai ls  of smal l  pictures. The skin 
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Fig. 2. Ch, ange in 
areas of ret inal  l ight 

sensit ivity (A) and 
color sensitivity (B) 
in a normal  individual  
(1) and in the subject, 
Roza Kuteshova (2). 
I) Ini t ial  background; 
II) after dark adap ta -  
tion; III) after l ight 
adaptat ion.  The t ime  

(in rain) is shown along 
the abscissa and the 
areas of l ight  and color 
sensit ivity (in cm 2) are 
shown along the ordinate.  

of her fingers has a compara t ive ly  high resolving and analy t ic  capac i ty  only when 

there is sufficient i l Iuminat ion.  When the i l luminat ion is reduced to 3 lx her ab i l i ty  
to identify colors is reduced to the differentiat ion of b lack and white and she cannot 

distinguish chromat ic  hues (green, red). At an i l luminat ion  of approximate ly  30 lx 
she can identify the color of an i l lustration with difficulty; it  is only at an i l l umina -  
tion of 40 lx that she begins to identify colors faultlessly, the accuracy of her tonal  

analysis increasing with i l luminat ion  to 400 ix. However, greater i l luminat ion  not 

only fails to increase the discriminatory photosensitivity of the skin of her fingers, but 

even reduces it. This is reminiscent  of the phenomenon which develops as a result of 
exposure of the retina to blinding light,  

Evaluation of re t inal  mobi l i ty  at the threshold of the photostimutation area has 
shown that the ret inal  adjustment  changes gradually,  just as in the normal  state, the 
mobi l i za t ion  level  depending on the intensity of the i l luminat ion.  However, the amp-  
l i tude of the adjustment of the re t inal  rod apparatus (crepuscular vision) is l imi ted  in 
comparison with the customari ly assumed norm. Investigation of the functional  state 

of these e lements  during the development  of dark adaptat ion confirmed this i nade -  
quacy of the react ion of the ret inal  rod apparatus. Figure 1 shows a curve for dark 
adapta t ion during the twilight hours in comparison with normal  dark adaptat ion.  In 
heal thy individuals the sensit ivity level  and the rate at  which it rises are greater  at  
this t ime than during other periods of the day [1]. These indices proved to be reduced 
in our subject.  It is character is t ic  that  i l luminat ion  of the fingers of the right hand for 
10 sec during the phase of high ocular sensitivity in dark adaptat ion causes a decrease 
in ocular sensit ivity (see Fig. 1), This is normal ly  observed only when the adapt ing 
eye  or the other eye (ref lexively)  are i l luminated,  it  being possible to produce such 
an effect  on i l luminat ion  of the sMn only when the l ight acts on a large area (for ex-  
ample ,  according to the data of L. M. Kurilova, over the surface of the back). 

A per imetr ic  investigation of the area of ret inal  l ight and color sensitivity con-  
ducted over a period of 1.5 h with the i l luminat ion  being a r t i f i c ia l ly  varied revealed  
an inadequacy on the part of the ret inal  rod apparatus. Thus, keeping the subject  in 
darkness for 50 rain produced ahnost  no increase in the photosensitive area, while sub- 

sequent 20-rain adaptat ion to natural  l ight caused it to decrease slightly; this is one indicat ion of the l imi ted  char-  
acter  of the re t inal  react ion.  The area of ret inal  color sensitivity varied normal ly  under the aforementioned condi -  
tions: dark adaptat ion caused i t  to decrease and Iight adaptat ion produced an increase (Fig. 2). 

Investigation of the color sensit ivity (using the Rabkin polychromat ic  and pigment  tables),  color thresholds, and 
discriminatory and contrast sensit ivity of the eye revealed a slight inadequacy of color vision. This took the form of 
a reduced accuracy of hue differentiat ion,  an increase in color-perception thresholds, and a retarded discriminatory 
abi l i ty .  However, the subject 's  d ig i ta l  color sensitivity, especia l ly  her discriminatory abil i ty,  was found to be higher 
with respect to these indices. 

We made mention above of the remote  effect of light on the subject 's  fingers when their skin is i l lumina ted  in 
darkness. This effect  causes a reflex change in ocular sensitivity,  the fingers serving as the recept ive  zone. It must 

be noted that photost imulat ion of the fingers is more effect ive when accompanied  by st imulat ion of the ordinary dig-  
its1 dermal  receptors ( tac t i l e , thermal ,  pain). This explains why the subject,  when she has diff icul ty in ana!yz ingan  
il lustration, presses f i rmly with her fingers and moves them along the surface of the object  being "examined."  

Our investigations of Roza Kuleshova's tac t i le ,  thermal,  and pain reception showed that the d igi ta l  area of high 
photosensitivity also exhibi ted a high t ac t i l e - ,  pa in- ,  and the rmal - recep tor  sensitivity. Thus, invest igat ion of the 
t ac t i l e  and pain sensit ivity of the photosensit ivie fingers by Ryazanov's method showed that nei ther  the fingers of the 
other hand nor other areas of the skin (the back of the wrist, the inner surface of the forearm) could match  them in 
this respect. As may be seen from the table,  the threshold of sensitivity was lower with the eyes closed than with 
them open. 

Investigation of the interact ion of the visual analyzer  with the sk in- tempera ture  analyzer  showed that heating 
the back with an e lec t r ic  heater  posit ioned 1 m away did not produce a decrease in the photosensitivity of the dark-  
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Thresholds of Maximum Sensitivity of Various Dermal Areas Investigated by Ryazanov's 

Method 
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O, 003 
O, 006 
O, 008 
0,01 
0,02 
0,04 
0,05 
0,06 + 
0,08 + 
o,o9 + 
0,1 -i- 
0,2 + 
0,3 + 
0,4 + 
0,5 + 
0,6 + 
0,7 + 
0,8 + 
0,9 + 
1,0 + 

adapted eye, as is usually the case in experimental  subjects [3], but caused it to increase (a reflex proceeding from 

the skin to the eyes). At the same time, although dark adaptation of the eye caused an increase in the mobil izat ion 

level of the cold receptors on the palmar surface of the forearm and light adaptation caused it to decrease (a reflex 

proceeding from the eye to the skin), the amplitude of this reaction was extremely low. After the wrist was bound 
with black fabric the mobil izat ion level of the cold receptors on the skin surface under investigation (the skin of the 

forearm) was considerably increased during dark adaptation of the eye and was greatly reduced during light adapta- 

tion. The thermoreceptor reflex from one point on the skin to another was manifested in normal fashion [2]. 

The visual function of the subject's eyes was thus somewhat attenuated, this being especially marked in our 

evaluation of adaptive reactions to changing i l h m i n a t i o n  conditions; at the same time, her dermal sensitivity ( tac- 

tile, pain) was very high. 

On the basis of the investigations which we conducted how can we most reliably explain the peripheral process 

of dermal light perception exhibited by Roza Kuleshova's fingers ? 

The skin contains a number of pigments, including melanin,  carotene and its derivatives, etc. We obviously 
must here consider the principal photochemical substance to be carotene and many of its derivatives (carotinoids), 
which are the sources for the formation of the vi tamin A group. The latter enters into the composition of the visual 
pigments of the retinal receptor elements (rhodopsin, iodopsin, et al.), which provide for the photochemical dynamics 
of the retina under the action of visible light. It is characteristic that the carotinoids react to the visible spectrum 
with different absorption maxhna in individual spectral regions (from violet to red inclusive). This means that each 
group of carotene derivatives has its own light absorption curve in the visible portion of the spectrum and indicates 
the possibility that photochemical reactions occur in very diverse combinations under the action of light of various 

wave lengths and different energy levels. 

Since in the horny layer of the skin carotene and its derivatives are found predominantly extracellularly, they 
are in solution, filling the intercellular spaces. It is welt known that carotene in solution alters its molecular  struc- 
ture and undergoes decomposition under the action of light. However, carotene derivatives undergo different chemi-  
cal changes, depending on the wavelength and intensity of the light; this is indicated by the shifts in the spectro- 
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scopic curve. According to the data  of cer tain authors [8], extrastructural  carotene is distributed nonuniformly in the 
horny layer of the skin. It is found in greatest  quantity where this layer  is t h i c k e s t - o n  the pahnar  surface of the 

wrist and the sole of the foot. The skin of females  contains larger amounts than the skin of males .  Thus, i f  we as-  
sume an extraordinari ly  developed network of nerve-ending  ramif icat ions  in the skin of the pahnar  surface of the 
fingers, we can understand how they may react  to both mechan ica l  s t imuli  (the t ac t i l e  effect) and chemica l  s t imuli  
or iginat ing in the surrounding medium.  The high sensi t izat ion level  of the entire analyzer  system enabled the sub- 
ject ,  by training, to develop a condi t ioned- re f lex  association, the re inforcement  being visual evaluat ion of her per -  
cept ion of a two-dimensional  picture.  During her training she reinforced the cor t ica l  pathways and made  more pre-  
cise her percept ion of hues by simultaneous s t imulat ion of the visual and dermal  analyzers of the cerebral  cortex. 

Here i t  is pert inent  to r eca l l  I. P. Pavlov's  assertion that  any variat ions in the external  and internal  environ-  
ments of the organism may  serve as st imuli  for the formation of a condit ioned association. K. M. Bykov expressed 

this idea  in the following fashion: "A change in the physical  or chemica l  state of the fluid systems of the organism 

(the blood, tissue fluid, and lymph)occurr ings imul taneous ly  with a stimulus reaching the cerebra l  cortex from any 
receptor  may  serve as the basis for the formation of a condit ioned ref lex" (The Cerebral  Cortex and the Internal Or-  

gans" [in Russian], 1944, p. 157). 

There is every reason to be l i eve  that  Roza Kuleshova's dermal  sensitivity results from the abi l i ty  of the nerve 
endings of her skin to perce ive  the c h e m i c a l  transformations which occur under the inf luence of light,  these proceed-  
ing in mosaic  fashion and being corre la ted  with the visual image.  

The correctness of the hypothesis of the photochemica l  nature of dermal  reception is confirmed by the fo l low- 
ing facts. 

1. The abi l i ty  of the d ig i ta l  skin to distinguish nuances of hue and intensity disappears in darkness and under 
weak i l luminat ion.  If this different iat ion were based on a thermal  distinction, as Richet suggested, the subject  would 

not have lost her discriminatory ab i l i ty  under these conditions, since the difference in the infrared radiat ion of areas 
of different colors obviously remains unchanged in darkness. 

2. The existence of an i l luminat ion  opt imum, at  which the photochemica l  transformations of carotinoids in 
the horny layer  of the d ig i ta l  skin are somewhat contrasting in character ,  the different groups of carotinoids having 
their own absorption curves. The contrast among coIors and among hues of l ight disappears under ex t remeIy  high i l -  
luminat ion and this explains the loss of perception.  

8. Careful washing of the fingers with soap and hot water leads to a substantial extract ion of carotinoids from 
the horny layer  of the skin and this causes a decrease in the photosensitivity of the fingers. 

In connection with the problem of dermal  photoperception,  cer tain other neurophysiologieal  questions have 
arisen, par t icular ly  that of the physiological  compensat ion and concurrence of the analyzers .  It is possible that the 
phenomenon which we studied is a manifestat ion of unusual physiological  compensat ion for a somewhat reduced ocu-  
lar function; this is seen in the fact  that in visual analysis the subject  involuntari ly resorts to checking (for greater 
accuracy) and the use of her fingers. We cannot exclude the converse possibili ty,  i .e . ,  that the role of the eyes has 
been somewhat reduced by max imum ut i l iza t ion  of the fingers, and this phenomenon must thus be considered the re -  
sult of physiological  concurrence in percept ion.  

S U M M A R Y  

The paper presents ma te r i a l  obtained from the investigation of the so -ca l l ed  "skin vision" in Roza Kuleshova, 
capable  of perceiving with her fingers the light and color stimuli,  the resolving power of which enables d igi ta l  r ead -  
ing of the printed text in a book, 

To e luc ida te  this skin property so seldom occurring in human beings the subject  was thoroughly examined in 
respect to several  indices of vision physiology, the tac t i l e  and thermal  sensit ivity of the skin, etc,  The paper in-  

eludes data on the state of these organs of perception,  The most probable explanat ion of such subtle skin percept ion 
in the author's opinion, is a chemodynamic  process envolving spli t t ing of carotinoids in the pa lm skin under the ef-  
fect  of direct  and ref lected visible spectral  rays. 
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