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RESIhW OF SKIN STUDIES 

Part I 

Severa l  years ago It became apparent tha t  ind iv idua l s  engaged In l ab-  
ora to ry  work here oould under some oonditions expose t h e i r  hands to 
r ad ioao t ive  materials. Sinoe the kork was i n  a developmental and 
experimental staee the type, amount and duration of exposure m s  un- 
prediotable .  It seerned expedient t h e r e f o r e  t o  make oareful obssrva- 
tions of the hands of a l l  i n d i v i d u a l s  p o t e n t i a l l y  exposed and t o  
reoord t he  information so obtained i n  a form that  would b e  usoZul t o  
anyone making subsequent observat ions over a period of years, 

The hearly h i s t o r y  of rad io logy  is a grim record of over-exposue. 
One has only to read such aocounta as Colwall 's  "Bsay on the P i s t o r y  
of Eleotrotherapy" t o  appr sc i a t a  the amount of injury done t o  the 
early experiroenters. Lesions p a r t i c u l a r l y  of ttie s k i n  of the hands 
becarrie oommon mong r a d i o l o g i s t s ,  p h y s i c i s t s ,  an3 t echnic ians ,  As 
early as 1696 there were ro_oorts of severe burns of t h e  hands of in- 
dividuals installing, demonstrating, and using x-ray  equipment [Grubbe) # 

(Lepping) , (Nature), (Stevens) 

One year la ter  S c o t t  was able t o  aociunulate r e p o r t s  of e5 casos of' skin 
damage due t o  roentgen rays, and by 1901 Codslazl repor ted  187 !:uses of 
aoo iden ta l  x-ray bu5ns. The number of cases  of scute x-rtqw and rariim 
dermatitis increased  as maze workers entered t h i s  f i e l d ,  Within a f c - 9  
yea r s  of the first r e p o r t s  of acu?ie l es ions ,  chmnic changos bsg~en t o  
be recognized. The first mportsci  case OS x-ray carcinoola ap::,ared in 
1902 and ocaurred fa a f ac to ry  xorker  engaged i n  a d c i n ~  x-ray 1be3 
(Frieben) By t h i s  t i n e  te langeckas ia ,  keratose3, dry papery sxia, 
t h i c k  b r i t t l e  n a i l s  becalne reoognizsd as l a t e  e f f e c t s  of radi,iSlca 
exposure. Such chronic ckmges assumed major Importance 8s na-zy cf 
t he  pioneers  i n  t h i s  f i e l d  began t o  suffer m u t i l a t i n g  defomL'cit=,s and 
malignancies which u l t h a t e l y  led to death (Neyer) 

During t h e  in te rvening  years hundreds nf persotis have been s e a  wi th  a l l  
degrees of r a d i o d e r ~ m t i t i s .  :.lost of t n e  acute  r eac t ions  have occurred 
i n  p a t i e n t s  r ece iv ing  r a d i a t i o n  therapy or in persons acceptii;g -treat- 
ments" from unqual i f ied  opc rE to r s  f o r  such  thin,y as h i r s u t i s a ,  acrie # 

warts, and various s'cin diseases .  Chronic changes are most often 
found on the hands of rccntgenolo&ist$, or thoped i s t s ,  d e n t i s t s ,  physi- 
o i s t s ,  and o t h t r s  eriEaged i n  occupations i n  which repeated small ex- 
posures can o c c w .  Each tjps of d e n i n t i t i s  xay i n c l u d e  elmer ' 7 of 
the o t h e r  b u t  i n  general  t he  acute reactions are  d e t e o t s b l e  v.idAiin a 
weex or 10 days af ter  exnosure wiicreas chrcrric oliancs sley not  3e ap- 
parent  f o r  months o r  men :/oars e ( 3 ~ 2 d i e 2 )  {Browning) ( Cluno:; 1 (Colv)  
(Hagan) (Hesse) (Kzause) (Leddy and 3 L g - o ~ )  ( ?o r t a r )  (Parser and KhiGt3) 
(Saunders and Monteoiaezy) Q U i t w ~  and L ~ u s u t l s )  . 



Thc e::.-licst nacroscopic reacGion is z r e d d i s h  blush of the exposed 
sXin s c z c t b e s  acc0:ilpsnied bit i-l sensiitioii of heut ::.nd tinclinp,. The 
erythcnamay r ippear v . i t h i n  8 rev: hour s  or a f t e r  several  days. It gradu- 
a l l y  f d z s ,  ~ i i e n  recurs  i n  V ~ V R S  of decrenuinc  intensity, The c r e s t s  
of ti;z ~.avr?s a p - x n r  nbout the s~i,~!: tiriie af ter  unequzl dooes but t h e  
i l i t s r V a 1 S  Leiid to d i s a p p e a r .  a Z e r  lieavicr doses. TLcre is considerable 
yar.i:;tian i n  the t h e  of' ~i:;pc:m.?nce, du .y t i t lo r i  orid intensity of the  ery- 
thezia. (Urauer) ( A l i n g e r )  (FLasXmp) (Holzaiecht ) (Kohler (Siescher)  
( foh le j .  
@~c~o;trjr. :lied o r  fol loi icd uy d e p i l a t i o n ,  sdeiua, vesiculation, desquama- 
t i o n ,  pig: .milat ion,  siecrcsis, arid u lce ra t ion  of the s k i n  and underlying 
t i s s u t . s .  The h::is folli~les , sweat arid sebaceous glands limy be unaf- 
f ected,  or t i ley inny bc: di4iiiri9s-;,ed o r  coi.ipletely destrojed. Acute 
ieBct? c ns foLloi,iri{ Si3:LL.l doses t eid t o  heal  spontaneously c . i th  a good 
retiul: of runc t ion ,  :.hereus triose 1'ollo.;.ing heavier  doses heal poorly 
or nol; c,t  $11. In t i x  case of  ssvere  bclrnu atternpts tov.urd r e s a i r  
repea tcC1y bi-ea-c (10; si unbll evcr.tutl1l.y 3 chrouic p a i n f u l  inclolent 
u lcer  ~es:; l- l ;n.  The t y p e  and df;::ree of zeac t ion  depends iiot only on 
t h e  :_:sc.$rii7t 0,: r a d i a t i o n  ou$ 011 Liic q u a l i t y  uf the  r a d i a t i o n ,  t he  rate 
and du ra t ion  of exposure ,  t h e  c o n d i t i o n  of the raziated skin, the s i ze  
end sh::i)e of tiie ezpcsed area, i nd iv idu r - i l  Giffercuces i n  s e n s i t i v i t y ,  
arid diffoienceu i n  s e n s i t i v i t y  of t he  sXin of var ious p a r t s  of t he  body. 
(Co.LwlS a i d  I;:uss) (Dresser, eude and Bornan) \%vans and Xerr) ( F a i l l a )  
(Iier ,r;_n...;.;nn and P ~ c l c )  'JoUesj (Le.~a.an j biberSGIi )  (Meyer oiiu jbiutschel ler)  
(Pf n h l c x  K l n u d s r  wid i.:srtin} { Stcce :-lid iiobiriaon) ('Larren) , 

!in e r y t h u a  nay be tiit. o n l y  v ' _ n i b l e  reliction o r  it may be 
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n u b e r  G I i 5  v i A b l c  s u y c r f i c i n i  c u z i i l l n r y  l o o g s  rtrid a reddcnlng of the 
S:tc.cground a f t e r  ;5/4 SD. Perirl3rprass, [Iodes siid Criff  etli ccunted the 
. :~isi i l ls  loops  i n  the s :in oi' L;:c i 'meam bet'crc arid after i r r a d i a t i o n  
nilci act 3r h i s t w i n e  i r i joct ion.  T h e j  observed oper:ed riud d i l a t e d  c a p s  
l a r i e s  :iLd s u b j x i ? i l h r j  pl.ei;us vessels i> w d  22 h o u r s  a f t e r  irradiation. 
I'hc detJree of c1i:mp;;e sc3eQ;led .tu ba r e l a t e d  t o  the ra te  :.inrl riiettod O r  ex- 
pcsure.  
BQ ecuts inf1,tt;irrLatory r eac t ion  la dog's s.;h a f t e r  " 1 / ~  erythema dose." 
The r e a s t i o n  tvus imxiiual iu 7 hours.  -hch phase ot' it v.as idcr i t ioa l  
t:itfi e n  int'l-L;tuiiatory r eac t ion  prodaced I.n corresponding areas i n j e c t e d  
\;iI;h 0.Ul cc of E 7 a p  S o l ~ ~ b i o n  of i 'OL':d<: a c i d .  

f l i s to l cg ica l ly  d e t e c t a o l e  d i1 : i t i on  of &lie vessels of t h e  dsrraal p a p i l -  
l a e  uus reimrted by 'Tbies t o  be a,-prirent 1 hour a f t e r  exposing guinea 
pies t o  raOiim.? 1 : w r o u s  r e p o r t s  have descr ibed cougestion and d i l a -  
t i o n  or  v e s s e l s ,  iu. 1 t o  3 dzys a f t e r  exposure. By tile L i r d  day there  
is well def ined perivascular  i i i f i lLsa t ion  urrd thicicenifig of the vessel 
v,alis. The endothelium of tLe s n i r i l l  vessels prolif erutes rapidly and 
of t en  t o  sucli  aLi ex ten t  t ha t  r:iany of these vesse l s  become thrornbosed, 
The surrounding tisslie is jeopardized by kipaired c i r c u l a t i o n  and ei ther  
becomes necrotic OF s u r v i v e s  x i t i i  cous ide rabby  reduced resistance. 

\ F i k u r e  1) A recciit; r e p o r t  by Briiriet  d e  LicjcLleDruu desoribes 

I'hc v 3 i ' I . o ~ ~  i a y e r s  of  tihe skin Lr~e :j <in  8pperidates yre a lso  sensi- 
t i -~s  CG r ad ia t ion ,  d t i l o u g h  p r o b a b l y  w+.i LO ;:..e eAtent of the vascular 
sys$au. The corilcai I n f e r  of c2ideniii.s is raost resistant probably be- 
cause of i t s  c e l l u l s r  i n a c t i v i t y  and its I i i t . i i  conteut of kerat in .  
\Y,azrez) T h s  craiiules l a y e r ,  i7,avever, is very  rsactive arld pro l i f e r -  
a t e s  extensi-rely as ear ly as d w s  a f t e r  e x p o s u r e  ( G u y o t ) .  The r e s u l t  
is %.nvasion of t h e  coriun by long f i q : e r l i k e  projections of epi- 
d e n i a l  c e l i s  wiiicit :?euetrats tlie p a p i l l a r y  border  und leave c e l l  rests 
aild i . f i O T l S  b u r i e d  deep in tile corium. These projections have all the  
chu-nac teristics ol" e p i d e x o i a  r:arcirioraa sacept  t i la t  tiiey gradual ly  
recx le  o r  te;ld t o  r e . d . n  c.uiesceu1;. TLz resulting distortion of the 
r e p i l m l g  sca l loped  papi l la r ;  'Sorder is reflected in distortion of the 
t ' i n C F 2  iaidgeE3 Xhich i : . O r i m l ~ ~  p a r d l e l  t t c  f o l d 3  of Llie C o r i U .  {Pzrdo- 



Appearance of the cipillaries and subpnpil- 
liry venoiis plexus in the skin of the extensor sur- 
face of the forearm after maximal dilatation fol- 
lowing a burn. Camera lucida drawinq in natural 
colors. 
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Costcllo) (Kolbaoh) . 
duoing loca l  t h i c  :enings, aoaithoses ilLd sera toues ,  suoh as are oommonly 
found af ter  repeated small doses, 
00mes atrophic so t ha t  the s c i n  lcoks very pJossy, papery and traasparent. 
Such skin is particularly non-resis tant  t o  further trauma of any varietyo 
Its a b i l i t y  to repair is l a r g e l y  lost. 
exposure have been known t o  ? r e d p i t a t e  i r r e v e r s i b l e  degenerative 
chances. Skin ~ h i c h  Cas beer, exposed t o  a hich dose m a y  lose its epi- 
der-nis coiapletcljr by a necrosin a d  sloughin&. 
such areas shows the tJpical  epiderual p r o l i f e r a t i o n  and Invasion seen 
after smaller dosea, 
acute  l e s i o n  has healed. (Guyot) (Rowntree) (Thles) (Dolbaoh) . 
The sk in  appendages, hair f o l l i c l e s ,  sweat arid sebaeeous plands are 
q u i t e  sensitive6 
other  macroaooplo reaction. For  this reason x-ray has been injudi- 
c i o u s l y  'ised for its e p i l a t i o n  effeot and i n  mmrous i n s t ances  the 
victims have suffered severe  burns end zrironic degenerat ive changes. 
(S. Davis) (Saunders and Llontgomezy) . Tmporary e p i l a t i o n  i n  man 
follows closes of about diu# t o  a O O r  a t  200 kv, w h i l e  perinanent epilation 
ocours aZtoi- about 7dO r ('h'arren). Sebaceous ChiLds are destroyed s l -  
multaceo-!sly i < i t h  hair f o l l i c l c s  find b o t h  are af'feuted by doses whlah 
spars t h e  c o i l  Clrrnds. M y  exposure of s u f f i c i e n t  i n t e n s i t y  to  produce 
noorotiic chunf;es i n  the c o r i m  u s u a l l y  causes permnent  loss of h a i r  and 
glnrxlabc-: structures. HeJeated small exmsures over  a lonq period of 
%.',me hov tiis s w e  erld r e su l t ,  ( C H 4 l . W )  (CS-2372) (Desjardins and 
Saith) !, X l i n ~ ~ r )  ( r " l n s Z a , o )  (Gdgot) ( L i n s e ~ )  (Xowntree) (Warren) (Vuolbach) 

The e p i d e r d s  ,my alsa p r o l i f  mate outwardly pro- 

In soitie instarioes the epidern5.8 bs- 

liiinor Injuries or an addit ional  

The intaot  border O r  

These p r o l i f e r a t i v e  ohanges persist long after t h e  

Depi la t ion may follow doses insuff ic ient  t o  c a s )  any 

S k i s  iias undergone a% acute  r s d i a t f o n  resotion vrith subseGuent 
haalhk;  .::etains 3 micToscopic chnrac2erist i ics f o r  a long time, perhaps 
i n d e f i n i  ;aby, Thoss me: 

1, Thicseuinc,  dilation ana o b l i t e r a t i o n  o r  sane small vessels 
and 1yap:awtics 

2, Persistelice of epideriilal c e l l  rests and whorls deep in the 
c o r i u ,  

3. Loss or' hair f o l l i c l e s  arid Flaridular struotures of the corium. 

It has b3en suggested tha t  such residual d w a g e  i s  l a r g e l y  responsible 
f o r  subs 2quenlc chronic changcs, (Dobrovolskala-Zavadskala) (Gassnan) 
(Guyot) {Pohle) (Pohls and Bunting) (Thies) (l'iolbach) 

Chronic ..?adiodernatitis may or may not be preceded by an acute reaa t lon .  
OfZen th3 s:in gradual ly  loses its  norm1  tex ture .  Its nurfaoe beoomea 
Smooth, -$.03sy, dry, arid appears t i c h t l y  stretched. Hair, sweat glands,  
ssbcceou+3 glands are dlriiinished i n  nurnbers o r  lost. The normal skin 
ridges m e  snoothed. 14ai.h become brittle, crac'ced, and defamed, nail 
folds ar3 reddened and thicxcned. Xlultlple telaaeieotases appear in the 
skin. Ksratoses are round varying from the aost aiinute ep idemal  thick-  
mines t o  areas as large 8s a d i m ,  These are f r equen t ly  very tender  
and have a tendency t o  undergo malignant degeneration (Duffy)- The 
chronic  Tadiat ion e f f e c t s  terid t o  progress lorig a f t e r  exposure ha8 
csased. Consequently they have been variously ascribed t o  such things 
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- 0, 

n Jt:roriic reac t ior i s  l i k e  acu te  rcacti .ons occur  i n  211 decrees and coabina- 
t - o n s .  Thz./ d i f f e r  f r o x  o t h e r  t j p z s  of t r r iunnt ic  e f f e c t s  i n  t h t  they 
can be prcgress iva  vtit;iiout vi;. f u r t h e r  e x p o s u e  50 radis t - lon,  The 
proq.Tes;s cnii be soriev-ht  a i e l io r f i t ed  by p e r s i s t o u t  care of the  stin, 
carel: u1. c leans ing ,  cons tsn t  l u b r i c n t i o n  arid pro tec t ion  f r o a  any addi- 
t i c n a l  trauna, LUCK of such ca re  per;!: i ts  ;:lore rcpiti advwce  of the 
l e s i o n s  or pzeci p i t a t e u  :iort-healinc :.mi18 uf' n e c r o s i s  v.nd ulcera t ton .  

A 3urvc,,r 5 j  Leddy and %cos of the ty'pes of lesions seen on t h e  hands 
of lba ,7hjrsici:iiis over 8 Lu-year per iod  s h o w  t h e  inc iderice of e p i  the- 
l i o u s s  :ad u l c e r s  as PoLlots.3: 

TJO of :>a t i en t s  
h p i t n e l 5 .  omas 
Ulcers 

1534 to ls3b 

dU 
21 

9 



I n  the above ,Jentioned scriss of Sauiders aud I.iontgouery epitheliomas 
were found i n  lo@ and cilroriic uon-healing ulcers in a2B. The hands 
were the s i t e  of i n j u r y  in 7&0 of t h e  pti t ionts  of v.:hich only 3.0;~ were 
physicians o r  d e n t i s t s .  TJ,e ?tiotogrttpns b d o ~  i l l u s t r a t e  t h e  type of 
chnnees 1,iiich CUII occur  af ter  nultiple exposures t o  low doses..  



Page 9a CH-3368 

Figure 2 



Page 9b CH-3368 

Figure 3 
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Part 11 

Hynd L tudy Pro~..rmi and Technic 

a. S :in A??curnnce. 

Our f i r s t  ezfor t s  t3 study hzx i s  Lor rad in t io i l  e f f e c t s  consisted of 
routine h:jnd inspec t ion  f o r  g r o s s  changes, 
t o  color Z L A ~  t ex ture  of the s t i n ,  mils  a i d  h a i r .  Xotes here made of 
f l a t t e n i n c  of f'int,:.er r i d p e s ,  dryness or {.lossinass of s k i n ,  particul- 
larly i n  the  nsil f o l d  a r e a ,  t e l a r i ~ i e u t n s e s ,  lcertitoses, pippentat ion 
and tile presence or ebsence of haiz. Xzpeat hand examinations were 
made u t  L-~ionth i n t e r v a l s ; ,  olsc;  s t  the t h e  of ernploymnt of Rev. i n d i -  
v i d u a l s  @in({ into '?exposedT1 Groups,  ancl a t  tlLc tirile of transfer o r  
re leass .  

S p e o i n l  a t t e n t i o n  w a s  paid 

b. Hand photoeraphs. 

Very soon i C  becainz appsrent  tiiat; d e s c r i p t i v e  notes on the e,ross ap- 
pearmce oi' 11kind3 were rarely o b j e c t i v e  and c a p l e t e .  Too o f t e n  t h e  
appeariulce of' t h ing , s  not rioted on p rev ious  cnauinat ions l e d  to contro- 
ve r sy  i > V e r  t h e i r  ti::ie of :Igi)e:3ruioe, r a t e  of Lrovith, e t c .  In the 
SUicUer of 1~4% we began photuy,raphia{: hauds in such  a vmy as to ac- 
c e n t u 9 . k  ;?ipAi;rnentation aid su r face  t e x t u r e  as iaucb as poss ib le ,  After 
mush t >stiric- in ccllaboration 1 5 ~ 1  t;h the photostintine. depar t sen t  w e  
aciogtel $;:e fo l l0Lin i ;  techtiic. A +,able v.ns b u i l t  \..i,tii sn opal  glass  
fxsp OP, xhicli tile h w u s  a r e  ~ l a c ~ , C ? .  
g,,lass :If=r;inatc shndWis easi; 2:r the  f incers.  3'0~1' photo f l o o d  NO, 2 
l~-;-;nps -:'alLquely placed :3.r? use5 for s h a r p  slurface i l l w i n a t i o n .  

TWO 100-watt b u l b s  u d e r  the 

iirz iiasmm precision enlnrge? i s  scpported 011 the  t a b l e  SO tliat it 
;LIOlisS :,-ecly up and dovrn. A : : m t x G  bas. adapber and film holder f o r  
k& x E.': lnck  c u t  f ih  Is a t t zched ,  T h i s  s i ze  vias selected for con- 
veiiieri ;,e ~1x2  econaxy. The svorcltinG p i c t u r e s  a re  sharp enough t o  per- 
aiC, en.iarge!oents up t o  o x 11 Snchcs t o  be raade f o r  c l o s e r  examination 
af any :;uestionuole zzca. Hout inc ly ,  however, the  24 x e negatives 
i.+.ith c m t a c t  p r i n t s  are f i l e d  f o r  each individual. A c o n t r a s t  process 
or';hoc :rc!natic fiLi has been tlaed ;:lost suscessfully t o  deiionstrate 
bcth .L..ie t e x t u r e  giui p i + ; . x n t  d i s t r i b c t i o n  i n  the sXin nnil n a i l s ,  (Pf#rs. 
y 9  i, 3 . ~ 3  oj, 

Our ne.\t s t e p  URS t o  loo'& f o r  a :iearis of r eco rd inc  the d i s t r i b u t i o n  
and i Icensi ty  of a s'rin erythe:ua. Kodachrome 33 ,mil fila used fn a 
caincrz hac? a d a p t e r  on L l c  sLie u n i t  proved t o  be unsat is t 'actory,  be- 
cause 13f d i f f l c u l t d f  i n  C:ottirq: sharp focus. !:e thca t r i ed  2& x $ i n c h  
c u t  f i l a  mil l i d  nc difficulty focksin(; nut had considerable  d i f f i c u l t y  
Cettin,; w i f ' o r A  color  r0pmdUCtiGn. An er;rthcAm could be photopraphed 
easily 5 u t  t h e  accuracy of c o l o r  reproduct ion  was unpredictable  <and 
could . lot  be d c p l i c a t e d  on successive photocraphs vihen a l l  o t h e r  fac- 
tors ut?re c o n t r o l l e d .  I n  our  Lauds Ansoo co lo r  f i l r n  rdas no more 
sat isf ' lccory;  heirce t ie  have used c o l o r  photography only t o  reuord 
d i s t r i ! u t i o n  o? ergthanas o r  i n t e r e s t i n g  lesioris arid no t  8s a rtieans 
f o r  co:Lpa:ins redness  a t  on3 execdination t o  that  a t  another, Should 
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auoh a problem beoome important in t h i s  work, 
Keuffel and Zsser color  walyzer could b e  used for a preuise objeo- 
t i v e  measure of co lo r  changee, 

adapta t ion  of the 

(Harris, Leddy tad S h e d ) ,  

Infra red s e n s i t i v e  film was t r i e d  b r i e f l y  i n  an attampt t o  photo- 
graph the subsurface vascular  paetern,  
hand are acoentuated by t h i s  teohnic,  AS a n t i c i p a t e d  the surfaoe 
tex.ture,  scar8  and blemisl ios  did not  appear i n  the photograph, nor 
d i d  an erythema which appeared on both c o n t r a s t  process  orthoohro- 
mat ic  and Kodachrame film, The special features of t h i s  type film 
added nothing t o  our previous knowledge, so  no f u r t h e r  i n v e s t i g a t i o n s  
along this line have bean. done, 

c ,  Finger ridge h p r e s s i o n s .  

The veina on the back of the 

I n  the  f a l l  of 1943 we were advised of sone work being done by Dr, 
Roger Harvey on the effeots of r a d i a t i o n  on finger ridge detai l ,  
(AM-151% CH). This study waa suggested by observa t ions  mado earlier 
t h a t  year when a federal agent was sent t o  Rochester t o  finger p r i n t  
l o c a l  b o s p i t a l  personnel f o r  s e c u r i t y  purposes, 
s o m  l c l ca l  r a d i o l o g i s t s  had such f l a t t e n e d  ridges that good ink prints 
could riot be obtained, Dr. Harvey and his group Inves t iga t ed  mean8 
f o r  st t .dying these chanGes and a r r ived  a t  a s h p l e  and e f f e c t i v e  
technic ,  Tho m a t e r i a l  aeleoted f 01" ma'ring impressions is Kerr dental 
cm3ow.d whiah s o f t e n s  eC 132'!?, By meant3 of waraing the s'urface of 
the we;. ar*d 2raesing a f i n g e r  firmly on it good impressions o m  be ob- 
t a i n s d ,  
b e f o r e  Imprinting, (Fig, ' 7 3 ,  Xarvsg vias a b l e  t o  recognize oharacter-  
i s t l o  changes i n  t h e  r idge detail of persons n i t h  h i s t o r i e s  of 
r e p a a t t  1 exposure t o  r a d i a t i o n ,  We ahoptrd the follooi4ng system of 
gr adi n y , : 

It was found t h a t  

S t i ck ing  can be prevented by dipping the fingers i n  water 

1, No change, 
2, E a r l y  f l a t t e n i n g  of ridges, l o c a l i z e d ,  patchy, o r  

30 Localized atrophy of rainimal degree. 
40 Localized atrophy of moderate degree, 
5, Localized atrophy of advanced degree, 
6 ,  
7, Generallzed atrophy of moderate degree.  
8, Generalized atrophy of advanced degree,  
9 ,  Atrophic fiSsUI'eS, 

gen era1 Ized a 

Geoeralized atrophy of minimal degree, 

30, P r o l i f e r a t i v e  changes, 

I n  a s u v e y  of 1039 r a d i o l o g i s t s ,  67'p were found t o  have abnormali t ies  
i n  ridge d e t a i l ,  Uong  orthopedists and d e n t i s t s  also surveyed the  
abnormsl findings were 55;o and 40p respec t ive ly .  These figures are 
ooapared v,ith the Pp of similar o r  confusing changes found i n  a con- 
t r o l  group of' i nd iv idua l s  without known r a d i a t i o n  exposureo 

Arrangements were nade u\r i th  D r .  Harvey t o  have Kerr d e n t a l  compound 
sent here (correspondence) , Routine f i n g e r  ridge impressions were 
made a t  3 month i n t e r v a l s  f o r  exgosed personnel and a t  longer i n t e r -  
vals f c r  control groups,  The wax h p r e s s i o n s  and information 
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oonoerning the probable exposure of each individual Nere sent to 
Dr. Harvey's laboratory, The w8x p l a t e s  were exarnined and a r e w x t  
was returned t o  us. The inforination 30 obtained was recorded i n  
our  files. To date (July 1, 1943) 1 2 ~ 7  i n d i T i d u a l s  have been 
s tud ied  i n  this manner. The results are 2.ivm i n  par t  111. 

d o  Capi l l a ry  s t u d i e s ,  

An erythema produced by x-ray requires i n  the hundred of r a8 9 s i n g l e  
dose. It rppeared highly unllzely that such exposures would occm 
here,  On che cont ra ry  hand exposures an t io ipa t ed  would probably ba 
repeated exposures a t  very low doses arid of varying qualltiea. All 
evidence and specula t ion  suggested that under such oonditions a y  
changes which ocourred hould be unheralded by g r o s s l y  detecrtable 
a c u t e  reaa t ions .  Skin e f f e c t s  i f  occurr ing a t  a l l  would more nearly 
approximate the slow insidious chronic dermatitis of physioians,  den- 
t l s t e  and o t h e r  prof ess ionnl  peoale eA2osed simibarly, There is Some 
evidenoe t h a t  the in i ldes t  f o r u s  of chronic r eac t ions  have t h e  longest 
l a t e n t  i n t e r v a l s  and further that nany 02 the lata chronrc chalgss  can 
be ab t r ibu ted  t o  undorlgfng vaacul.ar (?ailage such as o b l f t o r s t i  l e  on- 
d a r t e r i t i s  and thrambosis of the s lncl lcr  vessels and lym:>hatic3, 
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method 
Pohle 
of :tie 
poses 

tias been rtpplied t u  i r rad ia ted  skin sur faces  by Schugt,  David,  
bhaffer ,  f'ci,derErass, and othcrs .  I n  uost i n s t m c e s  tl;e s k i n  

I i 'orearn has boen mea for experi;;lcntal s t u d i e s  h?it  f o r  c u r  pur- 
ti ic :;<LE of t L e  n a i l  fold provzd to bc a . l o re  sa t i s fp j c to ry  s i t e  

f o r si, c f o 1 1 o L. i n :: re n c on s ; 
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It has bean r c y x G &  $hati n a i l  i.'Old c a p i l l a r i e s ,  unlixe thoae of Ghe 
s k i n  elsevdiere, do not  open nnd close i ; l terr i l i t tent ly  but  reuain open 
all 01' i h e  t h e .  (Carrier) (Crawford), In o the r  respects t r iey  are 
l i ' r s  s < i n  caaillaries in that t h y  respond G : j  h e a t ,  co ld  arid cheuioal 
s t i s u l i  i n  the stme 'Nay. Aheir arrciilg~menr, is such t h a t  prolonged and 
accurate observatiolls  CTS be . u d e  cT $lie s3ae capillary o r  c roup  of 
c a p i  13 .  :-:r i es . 

m 
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f o l d  do not seem t o  do t h i s ,  perhaps because so inuch of t h e i r  l eng th  
is v i s i b l e  t ha t  even v,ith contraoted limbs they are s t i l l  v i s i b l e ,  
H e  have found t ha t  vigorous sorubbing fai led t o  alter the t e m l n a l  
row count of 2 ind iv idua ls .  Dry heat from an i n f r a  red lamp vhich 
produoed a painful e r y t h a a  also F a i l e d  t o  chawe tho number of VI- 
s ib le  terminal  row loops. I n  eaoh instance t h e  vessels appealled more 
prominent and were f i l l e d  with a solid atremu of r a p i d l y  raovir,g blood. 
Immersing the hand In water at 10°C arid at 2OC f o r  10 minutes had no 
e f f e c t  on the  nail f o l d  p a t t e r n  or the count although the  skin wa8 
not iceably  cold and cyanotio.  Soaxing t h e  h a d  i n  water or allowing 
o i l  to s t and  on the skin F o r  more than l:, or  13 minutes caused a gradual  
clouding of t h e  picture and o3scuring of the  f i n e r  vessels,  
regained c l a r i t y  after drying and a half h o w  r o s t .  

The e f f e c t  of increased and dacreasod i n t ~ a v a s ~ u l ~ r  pressures was 
s t u d i e d ,  
to above s y s t o l i c  pressureo 
l a r i e s  stopped afid u.ide C ~ S Q ~  p l a c e s  2ppeered I n  the  l ocgs  beeween 
s e p e n t s  of cell-oontuinicg blcrod. As tho r;ressilre was g a d u a l l y  re- 
l e a s e d  t o  a poin t  midwey between d i a s z o l i c  2nd s y s t o l i c  pressues ths 
blood began t o  f low again b u t  nppearod graouiar for severe l  w c o n d s  
before it resumed its solid ??pzs;%nce* As :;he d3-,res3uxc was rtaintained 
at about bO 3m t h o  V B ~ O U S  sF&z 02 ~ h c  1009s kacfi3e engorgec?'., ?he f2.c;~ 
was sluggish and i n  sws places f ; r adua l ly  3top_i.,ud, - Vndzr t;he:e cozdl- 
t i ons  tha clear spaces did 293 2zspt)e .x .  
c o l o r  and v e r y  proiniaofit.  
c a p i l l a r i e s  resumed their  origins b acr ' -=r-  * yu'R ,nee i n  a fcm ~ 3 c o n i t ; . ~  

A few ex;?ezjac;nts were done r.sizg in~;?vesr ,us  ? luoscsse in  becr.clse of 
some \.,or% done by Lanyo zrid 3ay3 3r-1 7 z t f a n t s  ; v i% i  ps iFnsza1  :-ascubar 
disease. ' t d - i t h  doses ug t o  2 - 3 : ~  2l:cs:: ;:.as 20 ~ i ~ € b l 3  T l L l d o e t i o n  cf 
n a i l  fold capi1la::i e s  avell saasrs?. . ,~ i~ut ics  e f te r  flu.oroscenze :cs de- 
t ec t ed  i n  the cocjunct ive  a1:6 I".ss. s z r e  v a s ,  ~ ? w w v e r ,  a grcdus l  ace 
cumulation of dye just  i i t h i r  tA.ss Lnr.?';r t?f t h e  ccricm. This technic  
which aay be u s e f u l  for capiliaz,'; ? c x L z a u i l i t y  s t u d i e s  v:aa 20'. s t u d i r u  
f u r t h e r  s i n c e  v i s i b l a  I l & i L  ,-iV:ds h a t t e r  e a p i l l a ~ y  def  iniGion f o r  CY' 
r o u t i n e  observations arid CCU"L~;S, 

The area 

A sphygmo.aanometsr was a p p l i e d  t o  the upper arm and i l l f l a t ad  
A l l  blood flcv, i n  the n a i l  f o l d  c a p i l -  

.cateaci tiiz Icop3 wc;m a s o l i d  
'.&en ::AS J,"%su:-.'B w c  r e l a s e d  co;a;.ieteiy t h  

-, 
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used f o r  observation a r e  inountcd on either s i d e  of the stageo For 
photography the orily U@t f i l t e r  neoesstlry is onc to reu!ove sdne of 
the heat. For th i s  we w e  a Corning l'iltsr if3966 i n  ea&. lamp housingD 
The contrast  prooess orChochrauatic fih rer,uirss i/10 sccond .:xpasura 
and color  film 1/2 t o  I second. 

Prepara t ion  of the ringer f o r  phobography is the sale as for o)serva- 
t ion,  
The 3rd and 4th fingers k v s  bean ussd j iost  o f t e n  since the s k i n  here  
is usually in the b e s t  condi t ion,  SubJeots with  t h i o k  skin, hmvy pig- 
ment o r  underrol led nail fold :mrgins hcve not b a m  photograph2d suo- 
oessfu l ly .  To d a t a  we have Seen able t o  photograph successful ly  the 
oaplllaries of G G  individuals Includi9.p; several negroes. 

Frequent app l i cab ion  of o i l  o f t e n  helps e l ln ina t e  high1 lghta e 
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Part  III 

In order to keep our reoords i n  a coricise and accessible  forn w e  have 
used an alphabetical f i l e  of 5 x ti inch cards on which in fomat ion  IS 
recorded. 
appearance of sc in  and nails. m y  deviations fran norm1 m e  Listed. 
Photographs of hands o r  c a p i l l a r i e s  are indicated by ohe2ks in the ap- 
propriate column. 
cheok, to t .hich is added tile report of the daruatoglgphi63 uni t ,  
lary counts and photographs ai'e recorded in the f 'inal column. 

The infomation obtained has bean tabulated by sections since t h i s  gives 

t r u e  tnat aany persons v.orking i n  $he so-called high exposue groups 
rnay have had l i t t l e  o r  no radiation. IG i s  less likely Lhat persons 
i n  low o r  non-exposed groups could havs ciLanges due to  axposure. In 
general they were estinatsd as foLlows: 

( F i g .  13) A t  each hand exeruination notes are made of the 

Finger ridge impressions a r e  also indicated by a 
Capil- 

a rough idea of t he  p o s s i b i l i t y  of ezposure of tlio indivLduals.  It is 
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?%henever possible persons w i t h  open skin lesions were reuoved :"om work 
with a o t i v e  inaterials u n t i l  hea l ing  had taken plase.  
asteatosis which ooourred chief ly  among persons working v . i t h  o.:ganlc 
solvents, or among those uho had t o  scrub their hands repi.ated:ly, we 
advised the following preoautiona: 

In oomba;;ting 

1, Use no abras ive  or s t rong  soap. Instead use a 2Bp soap s o h -  
t i on  (no t  t i n c t u r e  of ween soap),  

2, A2ply aquaphor, lipoid crean, o r  l a n o l l n  after eaoh wash a d  
overnight if necessaryo 

3, Vihen wearing rubber g ~ o v o s  use a glove talc- t o  u.hic.1 Pfi Pat  
has been added. (For tkis purpose we used 29 spermacetlu) 
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T a b l e  1 (continued) 

Diagonal Transvesse 
Ridges Grooves 

Keratoses N a i l  Fo ld  
Def eot  

Telangec- Pitting Longitudinal 
tasia Ridges 

No* $6 PO 0 96 

11 19 13 24 

7 5 35 24 

8 29 

4 15 

17 33 

57 38 st3 ' 39 

6 21 

8 30 

14 27 

1 3 

4 1 4 

12 43 

5 10 

29 21 

18 19 

9 7 

15 17 

12 11 23 l a  

33 24 

11 46 

rj 4 

3 33 

21 

4 13 

23 

239 24 
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b. Finger ridges. 

Impressions have been made of t h e  ridges of 12437 Individuals of' all 
oocupationa on this projeo t ,  A t o t a l  of' 2332 impressions were made 
here and analyzed in Dr. Harvey's laboratory, The ini i ividuals  so 
studied have liorked h e r e  f o r  lengths of tine varying froa 1 week t o  
29 years, In many instances pre-aployment  inpressions ~ c r e  obtained 
but since the ridge study was begun some aonths a f t e r  t h i s  projoot 
was organized a few individuals were working here before i n i t i d  
studies were made, There are also sane cases of radiat ion exposure 
t o  the hands before employment here arid f o r  suoh indiv idoals  we have 
no pre-exposure record. Altogether we have reports of abnormal i t ies  
in the ridges of 194 persons or 15p of those studied, I o i t i a l l y  nor- 
i a a l  prints followed by at3noriCilia1 changes were f'ound i n  dl cases,  
I n i t i a l l y  abnorual prints followed by 1 or more n o r m 1  impressions were 
found i n  a2 cases  whereas oonsistent and repeated abnorrnal chae&p%3 were 
found in ~1 cases. he have been perplexed by tliose whioh appear ab- 
norinal on one occasiou and subsequently produoe a normal bnpresaicn. 
It is o u r  feeling that the38 i u a y  represent Aechanical. or abras lve  
f l a t t en ing  01' t h e  ridges with u l t b a t e  repair  such as we have f o u d  
amcrg our aachinists  in a S ~ G ?  where BO ac t ive  inaterial is ha:ldlsd, 
Thus the Value of a single impressloa 13 questionable except i n  the 
case of marced degsnerativs or h y p e r t r o p h i c  ckiangas, Roreated 
s t u d i e s  avoid the  cliancc of mistr:;ing nechsAca1 effects  ? o r  ti-ue 
rail iatian changesu A real atinoph;r w;.thic:i I n  ?he case of rndiat3.m 
danage 1s based on d e s t r u c t i o n  clf t;h;g, i-zeper sk in  layers  dees ~ 9 %  
repa i r  i t s e l f ,  An aml; - s i s  ox' t h e  Cis t r ibg- i t lon  or' f inger  ridg:) abcor-  
xa l i t i e s  is [Liven iii Tabhe XI, 'AiGh o m  axcsrtio:1 =he LLzh pe.,-car,tag;a3 
of a b n o r m l i t i e s  fall i r i to  t h  groups L , Z . Y ~ ~ T  Ghe 2 iphes t  xtposu-i.8 % 

fimely, C;~emistry 1, Chanis",y z 3  ~ ; h z . x i a t r r  4, Biolocy s,-ct i l e t , d lwgy ,  
The su rp r i s in l - lg  hlEh L::-U~ or' 27;0 :'or A ;;A~:D peisonnel iuat ~a Et- 
t r i b u t e d  t o  soAethin,? i2ti:Zr +Alan r aah . c ion  z i n c s  $he machia?;stc:, t h e r a  
d o  not  haildle a c t i v e  .Aini;e?iub. Subseq-xn t  scud? 3iiould b s  rnadt?, OX' 
the n a t u r a  arid the  pers is tenci j  o f  C ~ ~ L ~ C S  round thsre., Tha ov ,? ra l l  
p i c t u r e  of 15p s b n o r d d  f ind ings  i n  our pcrsormei is CORL Id s ra J ly  
highor than D r .  E!ar~ey's Lp f ~ i -  h i 3  cri;&zrol gzoup and cci siCerabL~y 
lower than the 4u to 63;o tuionc i n d i v i d u a l s  ~ J - i t h  1 0 n ~  h f s t o r f e s  r f  
exposure, 

--- 
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Table I1 

Finger Ridge Abnorxalitiea 

Adtninistration 

:heaistry - C-1 
C-2 

c-3 

@-4 

B i o l o g i c a l  

C l i n i o a l  

Metallurgy 

Uumber of Persons - 

132 

Physics Experhen ta l  

Thcoreticd 
1_1 

Shop A. 

B 
-7 

16% 

33 

33 

108 

129 

103 

201 

15: 

I 

Normal 

N o , p  

147 97 

125 75 

32 97 

23 68 

92 85 

105 81 

$9 91 

166 83 

79 73 

Abnormal 

5 3 

42 25 

1 3 

10 32 

16 15 

24 19 

10 9 

35 17 



I?, _ N a i l . r o l d u r i e a  

C a p f l l a ~ y  s t u d i e s  have been ,aade of d5d %nd3-viduzls of a l l  occupations,  
Altogelilior 17'~8 c o u t a  we23 giadc of i .h ich  1342 were t o t a l  counts and 456 
teemiind rev, counts. The d i s t r i b u t i o n  o f  counts according to sex, c o l o r  
2nd p o s s i b l e  sxposure is given i u  F i g s .  14 to 33, As oan be seen there 
is na n p p r e c h b l e  sex d i f f e r e m 3  b u t  there is an cippreciable race dif- 
ferenoe, Sie a t t r i b u t e  t h e  tendency toward l m e r  counts  i n  the negro 
to plgaent  i n  the ep idemis  -c.hich obscures  t h e  f i n e r  vesse ls .  I n  the 
n a i l  fold of deep ly  picaentied or thickenzd s k i n ,  few or no cap i l lar i e s  
m y  be seen. I n  x o s t  i n s t ances ,  h o w v s r ,  t he  t e r u i n e l  rov. is v i s i b l e  
and man be st*Jdied for morpholorica1 changes, 

Aposurc-! d i f f s r ences  are less apparerit au t  there is a tendency toward 
h igher  1:ounts i n  t h e  m d i u m  and hicb exposure groups. ( T a b l e  111) 
Severa l  f a c t o r s  day i n f l u m s e  t h i s  w d  Siiould be f u r t h e r  s tudied.  F i r s t  
there  i d  ,I higher  percentage of colored i n J i v i d u a l s  i n  the c o n t r o l  or 
low expasu re  group than i n  thi. :aedium o r  h igh  exposure groups due t o  our 
p l a c i n g  the j a n i t o r i a l  sbaff i n  t h i s  category. On the o the r  hand m a 4  
PndividJals in the ~ n e d i u m  and high exposure Eraups m a y  have had l i t t l e  
o r  no e.uposur3 and hence tend t o  obscure v.iiat d i p h t  be a more appreciable 
Sif fe rc i ice  i n  counts of non-ex?csed a m  ezljoaed personnel,  A t h i r d  fac- 
%CP is ,ne Lnfluence o f  a p  aIiJ s t z t e  of h e a l t h  en c a p i l l a r y  counts,  Our 
Z e F u l t s  \lave z o t  been analyzed f r o a  t F A i s  IjcAat of' viev. as y e t .  The m e a n  
i,'al>.ies ,i.cren i n  T a b l e  111 are  b z s e d  on all couxlts i nc lud ing  both t o t a l  
a c t  t e i - ~ i u a l  POL counts. A3 can be seen f:oa the d i s t r i b u t i o n  charts, 
;emin:-tl roa, @o;lxlSs f a l l  wvi>liin fairly K ~ F , " O ~ - ,  l h i t u ,  u s u a l l y  between 1 5  
and %ilescas Co5;al coinnCa Far,' mQT2 \ ,Ldzly  ( . i th  !,heir peak in the 60'3 

Xileans and standard dev ie t ions  cere computed f o r  cbe classe8 l i s t e d  in 
p r m i o c 3  tables .  These s t a t i s t i c s  are based on the data of F igs ,  14 t o  
31. Tbs  d a t a  were first grouped in s teps  of LO counts. 

The sex, pie-amtat ion 2nd hazard differences, w i t h  their standard errors 
and critical r a t i o s  are given i n  table 111 and IT, Both the medium and 
the high exposure s o u p s  have mean c a p i l l a r y  counts  v.hich are signifi- 
CQKltly lii@er than the ccunts  f o r  t he  low group. The  d i f f e r e n c e  between 
medium mil hieh exnosure &roup3 is no t  s ig ,n i f lcan t .  

The difference between sexes is not significant, b u t  t h e  difference be- 
tween pigmentation groups is vezy large. Since t h e  breakdom into 
"white" and "colored" on thz one hand, and i n t o  exiDosure groups on the 
other ,  is Baned on t h e  s u e  t o t a l  population, t h e  p o s s i b i l i t y  ex is ts  
t h a t  t!.ere i s  intaracticn between these  categories. Thus, i f  the ratio 
GP ;he d i f feTent  p i p e n t s t i o n  ~ i o u p s  changed froan one exposure group t o  
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Figure l4 and 15 
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Figure 16 and 17 
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Figures 21 and 22 
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Figure 25 and 26 
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Figures 30 and 31 
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Means, Standard Deviations,  and Standard Srrors of Mean3 
of Capi l la ry  Counts on Various Classes 

F 
Male 

Female 

Lhi t o 

Colored 

Low 

Medium 

Hi& 
Med, + H i g h  
L 

M f  fi N 

1433. 

407 

1644 

194 

482 

31.31 

969 

1346 

Differences Between Grcups, and Thsir Significance 

.Low - Medim 

Low - H i g h  

Low Mea. & X g h  

Uediwn - H i g h  

Male - Feinale 

'Whit 13" = 'tb lored" 

Tctal 

1838 

1838 

1828 

I l t 9 t b b  



another, t h e  d i f f e rences  betwesu exposure groups could be in part  or 
e n t i r e l y  d u e  t o  this causeo 
which ei1.l Give an unoquivoca3. answer t o  t h i s  question, 

Further  s t a t i s t i c a l  analysis is projeoted 

Sat is i ‘actory c a p i l l a r y  photog.?aphs have bsen taken of 93 Individuals 
(Figs. 34 end 35). Repeated photographs of ths  same area of 3 lndlv l -  
duals shows no change i u  the s i z e ,  shape, pos i t i on ,  o r  r e l a t i v e  widths 
of the l imbs of the t e r r i i na l  royi vessels over a 3 month period. 
one cxaeption the general capillary p a t t e r n  found OD. any finger was re- 
peated i n  the others except f o r  scars o r  other evidence of speo i f l c  
looal trtiua. This one exception w a s  t h a t  of a yomg man with marked 
t o r t u o s i t j  of the  t e r a i n a l  row v a s s e l s  of one Pinger while the  others 
were only mildly tortuous.  
t o  t h i s  f inger* 

Kith 

The p a t i e n t  could recall no s p e o i f l c  injury 
(FI-we 36) 

Capi l la ry  photographs can be tnLien whenever the vessels o m  be seen 
c l e a r l y  on aicrosDog5.c observat ion,  
scures the vessels, in ulhlch case  s e l e o t i o n  of another f inger  often 
prsves s a t i s f a c t o r y q  
vuhen apparectly ~ItidG-:,~ pieplentad if‘ the nail f o l d  s k i n  is thin.  
371 0 

Thick sk in  o r  heavy pigment ob- 

Nogrces c a n  be photographed s a t i s f a c t o r i l y  even 
( F i g .  

I n  s t* \ ly ing  fhe phofogrsphs we have no-cad cs r t a in  variations from nor- 
mal v,hich ap jp i r  re2aatedlg. 
vesse ls  and the  superficisl v e ~ o u s  plexus c m  be seen as wide, promi- 
nsr?.t d s i ;  c h a ~ e l ~ ~  (Figu:e 23) Tlie pbexbia according t o  earlier 
dsscr l .? t ioas  i n  t h o  Utsrciture i s  no.wal ly  not  see” b u t  n be made t o  
apgcar by cctrtain v&.,sodj I s t o m  o r  by incrsased venous pressure, Apart 
fj.-~a tais scae individucls shc;; a pecu l i a r  xlder.ing of the venoks por- 
t;m 2.: one o r  more t a r a i i l s l  locps, ,  ~‘2’igus 3 9 ) ,  Such loops  have a 
f i r s  h a i r l i k e  a r t e r i a l  lbz5 a.;it.h an abzu3t  outpouching o r  sacculation 
j us3  ?s*oxim:rl t o  t h e  t i p -  I n  sone 9ist;cnoes the t i p  and venous l h b  
are 3 GO 4 times the  ~ i d t h  ox’ &lie a r & x i a l  1iab. .  Such loops a r e  of ten  
found in a f i e l d  of essentially normal c a p i l l a r i e s  and Sean to represent 
l o c a l  defects or loss c?f+ tone s ince Zhs adjacent vessels are  normal and 
t h e r e  is no Ind ica t ion  of generally increased pressureo The shape of 
these cap i l l a r i e s  i s  not a l t e r e d  by varying blood pressure or by s t i m u -  
lation. They c a ~ l  be recognized unchenged w e e a  or months later. 00- 
c a s i o n a l l y  t h i s  sacculat ior l  and va ious  d i l a t i o n  a f f e c t s  many o a p i l l a r i e s  
i n  a f i e l d .  I n  tha t  case there a re  In a d d i t i o n  some loops with both 
l i n b s  widened and no evidence of s a c c u l s t i o n ,  It s e a s  likely that the 
f irst  picture is an eazljr stage of the  second and t ha t  both precede a 
general loss  of c a p i l l a r y  tone and the developroent of a ide  non-reactive 
loops, such  9s seen i n  l a t e r  pe r iphe ra l  vascular disease or mul t ip l e  
telanglectaaia. 

I n  sone of our subjects the c o l l e c t i n g  

Occasionally we have observed very fine s h o r t  loops budding off  m a t u r e  
loops or plexus vesse ls .  The period of obse rva t ion  has 
been t a o  s h o r t  to ascertain if these represent  new vessels which will 
cont inue  t o  grow, 

(F igu re  40) 
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Figure 34 
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Figure 35 
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Figure 36 
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Figure 37 
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The photographs have been judged on a basis of 5 c-.aracteristics: 

1. Inoreased number of v i s i b l e  lOOpSa 

2, Abnorml confieurations of 30;0 or rnore lOOpSa 

S O  Sacculations i n  2 or I R O F ~  l o o p ,  

4. Gidened venous iirnbs in L a r  more loops, 

3, Visible subpapillary plexus. 



-- Low 

31 

No 0 9 

I 

I---- 
- 

16 32 

13 42 

2 6 

10 32 

3 10 

1 3 

1 3 

5 10 

a 58 

3 21 

3 21 

2 14 

3 21 

1 7 

2 14 

5 36 

48 , 

NO, 'p 

23 49 

13 20 

12 25 

13 28 

5 11 

0 0 

9 19 

39 40 



1933 

IS 38 

1911 

lb44 

1S3S 

1926 

1926 

1943 

1920 

1526 

1 \ 1 9 \ 1 1  



- .; 2 ,> 





Jo~Lss, B o :  B r i t .  J. Hadiol. 14:110-112 1941 
X-ray Sgin l ieact ions and the P r o t e c t i v e  Role 
of I\Tori,lal Tissues 

J o r s t a d ,  L. 11. and Lane, C. b.: Proc.  SOC. 3xper. B i o l .  & 
ivied. u :d66 1927 
Sxin Ghanges Prouuoed by X-rays and Lipoid  
Solvents 

J u g e n s e n ,  Z.: Deutsches Arch. f. kl in .  med. 13%:%04 
Mikrokapi l l arb  eob acii t ungen 

1520 

Kohler, A.:  For t sch r .  a. d ,  Geb. d .  Roktgenstrahlen. 
6.: 1S3-194 3.5d2-3 
Rontgeutherayie und Xautrotung 

Rrause, PQ: Strali lentherapie 33:21U-219 1930 
Ein Beftrag zur Kenntnis des Rontgencarcinoms 
als Berufskankheit 

Lance, K. ana Boyd, L. J.: Arch. Int. Med, 74:17a-184 1944 

Lazarew, No 'A. and Lazarewa, A. : Straiileiitherapie 23:41-78 1926 

Leader, S .  D.: Am. J. Dis. S h i l d .  44:403 
Bapi l la ry  112icroscopy in Children 

1932 

Lsddy, Z. T .  aud X g o s ,  F. J,: Aril. 3. Soentgenol. +5:tis6-700 l ( 3 r k l  
Radiodermat i t i s  b o n g  23h;Tsicians 

L ~ s Y ~ s ,  T.: H e m $  l3:l 
Blood F l o v  +.hsough the Capi l lar ies  of 
Runan Sirin 

B I - i t o  bi. J, %:61-62 
CEipillary Resct i  ons 

1526 

Lewis ,  T.: Tee B l m d  Vessels OS t h e  Sxin and Their Responses 
London: Shaw and Sons, Ltd .  1327 



Lombard, Vi. Po: A n .  J. ??hysiol, 29:335 1912 
The Blood Pressure i n  A r t e r i o l e s ,  Capillaries 
and S z d 1  Veins of Humsn Skin 

idacKee, G. M.: X-ray  arid Hadium i n  bile Treatlnent of Diseases 
of the Skin 
Philadelphia - Lea and Feblger 

(Cited by !',arren) 
Xagath, M. A,: StrahlenCherapie Y2:534 1929 

1938 

Mayer, E. Sonderhande zur St rah len tbe ray ie  22 1937 
Drenbuch d e r  Rontgenologen und Radiologen 
a l l e r  NatiorLen 

Neyer, W. H. and Mutscheller,  A.  : Radiology 28: 215-222 1837 
Heat as a S e n s i t i z i n g  Agent i n  .Radiation TheraFy 

Li'icscher, G. : Strd-denthempie  lti:334-371 
62:  406 

Arch, f . '3enilat u. Syph. 148:540-392 

i.;of;6zm, J, G.:  Natu re  (Londorrf 132:31'7 1533 

X&ler, O t f f r i ed :  

A reaction I n  t h e  SXIii followj.izg I-sadlation 

Die Kapillcrcs, fm Gcsunden ~ w d  iCracZen Tagen 
S t u t t g a r t ,  3'. 2nko 1537 



Pendergrass, E. P . ,  Hode8, P .  J. and Grif f i th ,  J. Q. 
&n. J. Roentgenol. S Z t l % 3  1'244 
Effeot of Eioentgen liajs on the I i inute  Vessels 
of the Skin i n  h k A  

Pfahler, G. S., Klauder, J. V. and hiartin, J. L. 
Am. J.  Hoentgenol, 16:lSO 1926 
Conmined Effec ts  of Roentgen Rays and Ultra 
Violet  Hays 

Pohle, E. A. : Radiology 6:236-245 
ij: 185-194 

S t u d i e s  of Roentgen Erythema of the Human Skin 

Pohle, 2,  A. and Bunting, C. 11,: Radiology 13:+56-303 
13: 647-695 

Skin Reactions Following Kxposure to Roentgen 
iiays 

Pohle, E, A.  and P,iA.ght, C. S.: Radiology 14:351-339 
Studies  of Roentgen Trythema of the Human Skin 

P o r t e r ,  C. A . :  J. Med. Research 21:357-413 
X-ray Carcinoraa and other Severe X-ray Lesions 

P o r t e r ,  C. A.  arid Vdhite, C. J.: Ann. Surg, 46:64b-671 
Carcinomata Follovving Chrorni c ;-ray Der:nat it f s 

Powdermacer, F.: Arch. Nsurol.  & Paychiat. i;2:120? 
Capillary F o m s  in R 2 l a b i O R  to Certain P r o b l e m  
in Developnent 

Redlsch, Vi.  md Pelzer ,  R, H,: An. Heart 3 ,  26~398 

Rowntree, C. Y d e :  Brit, J. Radiol,  14:104 

Capi l l a ry  Studies i n  Migralne 

(Cited by MacKee) 

Study of b r a y  Carcinoma 
Arch. bIiddles8ex Hos~. lS:182-805 

Saunders, 2'. S .  and Uontgomery, €3,: JoA.MoAI,  110:23-28 
Chromic Rosxltgen and H a d i m  Dermatitis 

1b26 
1927 

1629 
1930 

1330 

1909 

1607 

1529 

1943 

15Ub 

1609 

1538 

Xiinchan. med. WchnBchr, 69 (2) s 1178-1180 1922 

Acta med. ScondhnaT. lU6:295 
Kliniscfre Kn~~illarunt~rsuchungen 



Shaffcr, B. J. : J. Invest. Ilermat, 3~159-191 
Effec t  of Rocnt(,en Rays on Skin Keactivity 

-- Stevens, L. G o :  B r i t ,  ~VI= J, 1:!r(38 
Early Skin Reaot-ions from X-ray 

1940 

1925 

11396 

Stone, R. S o  and Robinson, J, M,: Am. J. Roentgenol, 
44%tii)l-609 
A Couparison of Skin Heaotions Produced by 200 
KTd a d  1000 W Hildiationa 

ThieS, AaB (Cited by MacKee) 1905 

U M ~ ,  P. G o :  For tachr ,  a, d o  Geb. d.  Rontgenstrahlen 1904-5 

Warren, Shields: Aroh, Path, 34 
35 

Effects of Rad-ation on Normal Tissues 

1542 
1943 

Welss, E.: Deutsches Arch, f . kl in ,  bled. 69:l 1516 
B eo bach t ung und M i k r  opbo t ographis che Dam t e l l U g  
der Hautkapil la~~en am lebenden ** 1 Menschen 

The Density of bhe Surfaoe  Capillary Bed of 
the  Forearm 

Yr-?” .%,.b.+ -2: SiiZ 
Ydeiss, S .  and Frazier, Vi, :  Amp Hear’t;’‘3, 5:al1 1930 

Nftwer, E. R.  and Leucutfa, ‘I?.=: Radiolorn 34S24-27 b94U 

Yiolbach, S. €3. : J 6  Med. Researoh 21:415-449 bs09 
Chronic X - r a y  Dermatit is  and Early X-ray 
Carcinoma 

Krfcht, I. S o :  JoAoMoA,  101:439 1933 
Cl in ica l  Value of Human C a p i l l a r y  S t u d i e s  

Wright, X. S. and Duryee,  A. V i o ;  Aroh. Int. Xed. S 2 s S 5  1933 
Huan C a p i l l a r i e s  i n  Health and Disease 

Ivy 9 9 8 

Zondek, H,, Iwiichaol, and. Krtz,  2.. 
Am. J, M, S C ,  ~U2irda 
The Capi l la r ies  in idyxedema 

1906 

Zurhe l l c ,  S o :  Demat, %t,schr, 32212Y)-134 1935 
The I n f l u e s c e  of Radius Radiation on the 


	No
	16
	10

