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SII~.~1ARY 

A gold e l e c t r o p l a t e d  frame has been recommended to rep lace  the  
s tandard g o l d - f i l l e d  av ia to r  frame. Since the proposed frame con ta ins  
a n i c k e l - s i l v e r  based metal ,  the frame was eva lua ted  under f i e l d  and 
labora tory  cond i t ions  at the U.S. Army Aeromedical Research Laboratory.  
Of the 18 sub jec t s  who wore the t e s t  frames for t h ree  months, one 
sub jec t ,  an a v i a t o r ,  developed a mild d e r m a t i t i s  along the f r o n t a l  and 
supraorb i t a l  po r t ion  of the face.  (Themical ana lys i s  i nd i ca t ed  " f r e e "  
n i cke l  in s u f f i c i e n t  quan t i t y  to cause a r e a c t i o n  from n i cke l  s e n s i t i v e  
i nd iv idua l s .  ~ i s  study has shown tha t  some skin r e a c t i o n  can be 
expected from a small percentage  of wearers i f  the gold e l e c t r o p l a t e d  
frame rep laces  the g o l d - f i l l e d  frame. 
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I NrI'RODtlCT ION 

Because of  the cons ide r ab l e  increase  in the p r i c e  of  gold dur ing  
the pas t  severa l  / e a r s ,  the manufac turers  supplying the a v i a t o r  
g o l d - f i l l e d  ophthalmic frame r e c e n t l y  n o t i f i e d  the Defense 
Personnel  Support Center  (DPSC) tha t  f a b r i c a t i o n  of  t h i s  frame 
was no longer  c o s t - e f f e c t i v e ,  and they were,  t h e r e f o r e ,  unable to 
support the Army's requi rements  for these  Frames. As an a l t e r n a t i v e  
metal frame, the c i v i l i a n  manufac turers  have recommended t ha t  the 
DPSC purchase an ophthalmic frame c o n s i s t i n g  of  a n i c k e l - s i l v e r  
base meta l ,  p l a t e d  wi th  b r i g h t  n i c k e l ,  and ove rp l a t ed  wi th  gold.  
ttowever, the Army dispensed n i c k e l - c o n t a i n i n g  frames in the 1940's 
and 1950's wi th  the r e s u l t i n g  exper i ence  of  many s o l d i e r s  r e p o r t i n g  
a d e r m a t i t i s  around the a rea  of  con t ac t  of  the frames wi th  the sk in .  

Nickel has been a well recognized source of metal contact derma- 
titis. ~''~'3 The clinical picture is ,an eczematous dermatitis with 
pruritus, scaling and erythema pro,,ressing to lichenification. Conlnon 
offending items containing nickel include rings, earrings, jewelry, 
spectacle frames, wrist watches, suspenders, and support garments. 

Nickel sensitivity is considered more common in women than men. 
In the United Kingdom and Scandanavia, nickel is the most concaon cause 
of contact dermatitis in women. ~ Women, by their use of jewelry, do 
provide for greater exposure of nickel to skin contact than men. In 
men, nickel dermatitis occurs most commonly due to occupational 
exposure. In 60% of the cases, the eruption begins on the hands. 

i Sensitization by wrist watches and spectacles is common. 

Chrome p l a t i n g  has been used to dec rease  a v a i l a b l e  su r f ace  n i c k e l .  
Derma t i t i s  has been produced by n i cke l  " l eak ing  out"  through pores  of  
the chromium p l a t i n g .  2 Sweatinv has been imp l i ca t ed  in the p roduc t ion  
of  d e r m a t i t i s  as the sodium c h l o r i d e  may combine with n i c k e l - s i l v e r  to 
g ive  s i l v e r  c h l o r i d e .  2 This process  p rov ides  the bas i s  for  the  f i n d i n g  
o f  i n c r e a s i n g l y  severe  d e r m a t i t i s  in persons who p e r s p i r e  p r o f u s e l y .  

The problem of n i c k e l  s e n s i t i v i t v  should he cons idered  in any 
p a t i e n t  with a m e t a l l i c  dev ice  or p r o s t h e s i s  e x t e r n a l l y  or  i n t e r n a l l y  
app l ied .  Implanted s t a i n l e s s  s t e e l  screws having 14% n i c k e l  have 
produced a severe  d e r m a t i t i s .  4 A Wainwright s t a i n l e s s  s t e e l  o r t h o p e d i c  
p l a t e  con ta in in~  8 to 12% n i c k e l  and 17 to 20% chromium produced a der -  
m a t i t i s  and " r e j e c t i o n "  of  the implmlt.  ~ 

Interestingly, a known nickel sensitive patient has received a 
Bjork-Shiley mitral valve prosthesis containing three grams of metal 
of which 10% is nickel without reaction after two years. ~ It is 



_qugge.,~tcd t h a t  the  smal l  s u r f a c e  ,,vc:~, and tiLu.< !7< m e t a l ,  may p r e v e n t  
d i f f i c u l t y  due to  c o n s t a n t  wea~; t~<. : ,v(r ,  ~.ic_ke! ~:-iv be d e l i v e r e d  o v e r  
a p r o l o n g e d  p e r i o d .  ~' 

The use  o f  n i c k e l - g o l d  alley,.- ~md ~nickcl p l a t e d  e a r r i n g s  f o l l o w i n g  
ea r  p i e r c i m , ,  has  been  documented  as ~ cause  o f  c o n t a c t  d e r m a t i t i s ,  v 

Tl~e p r e s e n c e  o f  n i c k e l  in  c o n t a c t  v,'ith t he  s k i n  in amounts  o f  10 t o  
I-1~ v:ould i n d i c a t e  a s t r o n g  p o s s i b i l i t y  o f  a l l e r g i c  r e a c t i o n  i n  a 
s e n s i t i v e  i n d i v i d u a l .  The p l a t i n g  s p e c i f i c a t i o >  f o r  t h e  II .S.  Government  
I1<I!-4/P ~-lying .~oEgles p r o v i d e  a base  m e t a l  o f  no t  l e s s  t h a n  14% n i c k e l  
s i l v e r ,  w i t h  n i c k e l  e l e c t r o p l a t e  o f  n o t  l e s s  t h a n  50 m i l l i o n t h s  o f  an 
i nch  in t h i c k n e s s  and o v e r p l a t e d  w i t h  a minimum o f  o0 m i l l i o n t h s  o f  an 
inch  o f  23K e l e c t r o d e p o s i t  g o l d .  a Because  o f  t h e  p o s s i b i l i t y  o f  con-  
t a c t  d e r m a t i t i s  d e s p i t e  t h e  b u f f e r  l a v e r  p r o v i d e d  bv t h e  g o l d  e l e c t r o -  
depo :~ i t ,  t h e  p r o p o s e d  f rames  were  e v a l u a t e d  ~mder f i e l d  and l a b o r a t o r y .  
c o n d i t i o n s  a t  t h e  U.,q. Amy  Aeromed ica l  Resea rch  l a b o r a t o r y .  

b~]]t(OS 

The sample  f rames  u s e d  in  t h i s  s t u d y  were ~uppl~ed t h r o u g h  t h e  
Defense  P e r s o n n e l  S u p p o r t  C e n t e r  a t  t h e  r e q u e s t  o f  t h e  Amer ican  O p t i c a l  
C o r p o r a t i o n .  Of t h e  t w e n t y  f rames  r e c e i v e d  from DPSC, e i g h t e e n  p a i r s  
were used in the  f i e l d  s tudy ,  one p a i r  was r e t a i n e d  f o r  l a b o r a t o r y  
c h e m i c a l  a n a l y s i s ,  and one p a i r  was fo rwarded  to  t h e  ~ led ica l  O p t i c a l  
L a b o r a t o r y ,  F i t z s i m o n s  Army, Medica l  C e n t e r .  

The s u b j e c t s  who v o l u n t e e r e d  to  wear t h e  t e s t  f r ames  f o r  t h e  f i e l d  
s t u d y  were s e l e c t e d  as b e i n g  r e a s o n a b l y  r e p r e s e n t a t i v e  o f  t h e  p o t e n t i a l  
u s e r  p o p u l a t i o n .  Tab le  1 shows t h e  number o f  s u b j e c t s  w i t h i n  each  o f  
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the  var ious  groups. Included in the n o n - p r e s c r i p t i o n ,  n o n - f l i g h t  s t a t u s  
group was one female and one Mack s u b j e c t ;  a l l  o the r  sub j ec t s  were 
whi te  males.  Before d i spens ing  the t e s t  s p e c t a c l e s ,  each s u b j e c t  was 
i n d i v i d u a l l y  b r i e f e d  concerning the purposes of  the s tudy ,  the  p o s s i b l e  
skin r e a c t i o n s  to the frame, anti what obse:azations he or she should make 
p e r i o d i c a l l y  whi le  wearing the t e s t  frame. Depending upon each sub- 
j e c t ' s  v i s u a l  r equ i rements ,  p r e s c r i p t i o n  l enses  or plano t i n t e d  l enses  
were mounted into  the frames. ]!ace frame was ad jus t ed  to a l low normal 
f i t t i n g  c h a r a c t e r i s t i c s ,  and the .subjects were i n s t r u c t e d  to wear the  
t e s t  frames as they would no~ynallv wear t h e i r  f,.lasses. 

After  the sub jec t s  had worn the frames for  approximate ly  t h r e e  
months, they r e tu rned  to the I ,aboratory to complete a q u e s t i o n n a i r e  
(appended). Each sub jec t  was examined by a f l i g h t  surgeon as r e q u i r e d ,  
and the frames were examined by an op tome t r i s t  fo r  wear and d u r a b i l i t y .  

Several  of  the frames were t e s t e d  for  the presence  of  " f r e e "  
n i c k e l  wi th  a 1% a lcohol  s o l u t i o n  of  dimethylglyoxime (I~H) wi th  
ammonia ( fu rn i shed  by Westwood Pharmaceu t i ca l s ,  I n c . ,  Buf fa lo ,  New 
York). This p r e c i p i t a t e  t e s t  w i l l  d e t e c t  the p resence  of  " f r e e "  n i c k e l  
in s u f f i c i e n t  c o n c e n t r a t i o n  (1:10,000) to produce d e r m a t i t i s  in n i c k e l -  
s e n s i t i v e  i n d i v i d u a l s .  

RESULTS 

Clinical Evaluation 

In our series of 18 subjects wearing the proposed HGU-4/P flying 
goggles, one subject, an aviator, developed a mild eczematous eruption 
of the frontal and supraorbital portion of the face. The area was 
erythematous with mild scaling. Pruritus was not described. "[he onset 
of the erythema was within two hours of wearing the frames and, report- 
edly, occur red  each time the frame was worn whi le  performing f l y i n g  
d u t i e s .  

This a v i a t o r  was emmetropic and u s u a l l y  wore h is  sung las ses  only  
whi le  f l y i n g .  At the time of  i n i t i a l  r epo r t  of  a d e r m a t i t i s  r e a c t i o n ,  
he had worn the s tandard  i s sue  g o l d - f i l l e d  f l y i n g  goggles for  approxi -  
mately seven years  wi thout  e ~ e r i e n c i n g  any d e r m a t i t i s  from the  frames. 
Subsequent to the t e s t  p e r i o d ,  a t r i a l  of  wearing the s tandard  gold-  
f i l l e d  frames with i d e n t i c a l  wearing cond i t i ons  produced no r e a c t i o n .  
Following t h i s  p e r i o d ,  a second t r i a l  o f  prolonged ( e igh t  hours)  wear 
of  the t e s t  e l e c t r o p l a t e d  frames a l so  f a i l e d  to produce any r e a c t i o n .  
However, severa l  v a r i a t i o n s  from the o r i g i n a l  wearing c o n d i t i o n s  should 
be emphasized. For t h i s  second t r i a l ,  the  sunglass  l enses  were removed 



to f a c i l i t a t e  indoor wear ~ d  the lr;~'~e-~ wer~ cons ide rab ly  l i g h t e r  
which would a f f e c t  the  bear im,  areas  on the face .  \1so, and prob- 
ably of  most s i g n i f i c a n c e ,  t h i s  ~econd t r i a l  was conducted in an 
o f f i c e  a rea  so t ha t  t r u e  cockp i t  c o n d i t i o n s ,  inc lud in~  wear of  the  
SPtt-4 helmet wi th  consequent  p e r s p i r a t i o n ,  were not approximated.  
~ e  p o s s i b l i t y  t ha t  the  p resence  of  p e r s p i r a t i o n  c o n t r i b u t e d  to 
the r e a c t i o n  was i nc reased  in t ha t  skin t e s t i n g  of  t h i s  p a t i e n t  
u t i l i z i n g  a " b u f f a l o "  n i c k e l  coin  f a i l e d  to p resenr  any r e a c t i o n  
a f t e r  24 hours c o n t a c t .  

Frame l ivaluat  ion 

Four frames were ana lyzed  wi th  the  d imethylglyoxime spot t e s t  fo r  
the p resence  of  " f r e e "  n i c k e l .  One of  these  frames had never  been 
worm whi le  the  remaining t h r e e ,  inc lud in~  the p a i r  r e s u l t i n g  in 
d e r m a t i t i s ,  had been worn for  approximate ly  t h r e e  months. The frames 
were analyzed along the b r i d g e ,  eyewi re ,  and temple.  All of  the  frames 
t e s t e d  p o s i t i v e  for  the  p resence  of  " f r e e "  n icke l  in s u f f i c i e n t  q u a n t i t y  
to cause an a l l e r g i c  r e a c t i o n  from n i c k e l - s e n s i t i v e  i n d i v i d u a l s .  In 
a d d i t i o n ,  one s tandard  g o l d - f i l l e d  frame which had been worn p r e v i o u s l y  
was t e s t e d ,  and the  r e s u l t s  were n e g a t i v e  for  " f r e e "  n i c k e l .  

In g e n e r a l ,  the  c o n d i t i o n  of  the frames were as might be expected  
a f t e r  t h r e e  months wear. However, a s i g n i f i c a n t  pe rcen tage  (39%) of  
them showed p i t t i n g  and e t ch ing  of the metal  core  ~mderlying the  c l e a r  
p l a s t i c  temple padd les .  This might i n d i c a t e  a d e f e c t  in the manufactur-  
ing process  in which the  sea l  around the p l a s t i c  paddle  temple cover  was 
inadequa te .  P e r s p i r a t i o n  had probably  been al lowed to seep unde rnea th  
the paddle  and had p i t t e d  the  metal  core .  

DISCUSSION 

The r e s u l t s  of  t h i s  s tudy prov ide  ev idence  of  " f r e e "  n i c k e l  a r i s i n g  
from a n i c k e l  base of  a known sens i t i z in~!  c o n c e n t r a t i o n  of  not l e s s  than 
14% as s p e c i f i e d  for  the  proposed II~U-4/P f l y i n g  goggles .  Chemical 
a n a l y s i s  has shown the  p o t e n t i a l  for  r e a c t i o n ,  and f i e l d  t e s t i n g  has 
developed one b o r d e r l i n e  p o s i t i v e  d e r m a t i t i s .  ~ e  ~e r i e s  of  t h i s  s tudy ,  
a l though smal l ,  would i n d i c a t e  a 5% -6% inc idence  of  n i c k e l  r e a c t i o n .  

The one d e r m a t i t i s  r e a c t i o n  was i n t e r e s t i n g  in tha t  the s u b j e c t  
f a i l e d  to develop s i m i l a r  or  more pronounced symptoms with  pro longed  
wear,  and d id  not  r e a c t  to the  " b u f f a l o "  n i c k e I .  However, as d i s c u s s e d  
e a r l i e r ,  the  v a r i a t i o n s  in the  wearing c o n d i t i o n s  might exp l a in  the  
f a i l u r e  to develop symptoms with the longer  wearin~ schedule .  With 
the l enses  removed, the  frames were much l i gh t e r~  11~o, the frames 



were worn only in an a i r - c o n d i t i o n e d  o f f i c e .  The hot and humid cockp i t  
environment q u i t e  poss ib ly  causes s u f f i c i e n t  p e r s p i r a t i o n  to i n t e r a c t  
wi th  the metal frame to r e s u l t  in the skin r e a c t i o n .  

The necessary  r e s t r i c t i o n s  imposed on t h i s  s tudy must be r ecogn ized  
in cons ide r ing  the s i g n i f i c a n c e  of these  r e s u l t s .  :l'he sample s i z e  
(n = 18) was qu i t e  smal l ,  and the t e s t  per iod  only extended for  t h r e e  
months, llowever, these  r e s t r i c t i o n s ,  i f  any th ing ,  force  a c o n s e r v a t i v e  
e s t ima te  of  the magnitude of  the d e r m a t i t i s  problems to be expected i f  
these  frames are  d ispensed  to mi l i t a ry '  pe r sonne l .  No at tempt  was 
made to screen  the s u b j e c t s  for  p r i o r  h i s t o r y  of  any de rma to log i ca l  
condition.~. N~en the study was t e rmina t ed ,  t h r ee  sub j ec t s  r e p o r t e d  
tha t  they had exper ienced  a metal  d e r m a t i t i s  p r e v i o u s l y ,  and none of  
these  t h r e e  evidenced any r e a c t i o n  to the t e s t  frames, ftowever, t hese  
t h r ee  sub jec t s  had only  worn the frames in a i r - c o n d i t i o n e d  envi ronments .  

A problem tha t  was not r e a l i s t i c a l l y  addressed with t h i s  e v a l u a t i o n  
is the ques t ion  of  the  d u r a b i l i t y  of  the gold e l e c t r o p l a t i n g .  Since 
t h i s  study had to be completed w i t h i n  a r e l a t i v e l y  shor t  time 
pe r iod ,  the frames were inspec ted  a f t e r  only th ree  months use .  Even 
a f t e r  t h i s  shor t  p e r i o d ,  t he re  was some evidence of  rubbing along the  
in s ide  of  the temples and across  the top of  the eyewires  wi th  some of  
the frames. I f  a s u f f i c i e n t  amount of  the gold e l e c t r o p l a t i n g  f i n i s h  
rubbed o f f  to expose the n i c k e l  base ,  the d e r m a t i t i s  r e a c t i o n s  might 
have been more f r e q u e n t l y  exper ienced.  

RE.CObS ~'NT)AT IONS 

1. Addi t iona l  e f f o r t  should be made to f ind  a frame to r e p l a c e  the  
ttGU-4/P f l y ing  goggles .  Although the  problems exper ienced  dur ing  t h i s  
eva lua t i on  were r e l a t i v e l y  minor,  these  r e s u l t s  i n d i c a t e  t ha t  some 
r e a c t i o n s  probably w i l l  be exper ienced  by n i c k e l - s e n s i t i v e  i n d i v i d u a l s .  
This is p a r t i c u l a r l y  so for  those i n d i v i d u a l s  working in warm env i ron-  
ments, where p e r s p i r a t i o n  might i n t e r a c t  wi th  the n i c k e l - s i l v e r  to in-  
c rease  the p o s s i b i l i t y  and/or  s e v e r i t y  of  r e a c t i o n .  

2. If an acceptable alternative frame cannot be found for the standard 
gold-filled frame, appropriate medical personnel (e.g. flight surgeons, 
eye clinics, dermatology clinics, etc.) should receive information 
concerning the potential skin reactions. In addition, a warning notice 
should be included with each pair of the gold electroplated frames 
issued to alert user personnel of the potential problems. 

3. A s u f f i c i e n t  supply of  the s tandard  g o l d - f i l l e d  frames should be 
mainta ined  for  those personnel  who might s u f f e r  from n i c k e l  d e r m a t i t i s .  



4. The U.S. Amy Aeromedical I~csearch Laboratory would encourage 
formation of  a t r i - s e r v i c e  working group to develop a mutual ly 
acceptab le  a l t e r n a t i v e  frame to r ep lace  the metal H~I-4/P f l y i n g  
goggles.  
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NAME I~a~NK SSN 

ORC&NI2ATION RACE HAI R~COLOI~ 

1. I s sued :  c l e a r  l e n s  

2. I~ you wear g l a s s e s  fl111 t ime?  

llow many h o u r s / d a y ?  

5. Are you a l l e r g i c  to :  

o 

5 .  

. 

. 

s t m ~ l a s s e s  

part time? 

a. H e d i c a t i o n ?  

b. Any c h e m i c a l s ?  

I f  so,  l i s t  

c. Any soaps o r  d e t e r g e n t s ?  

I f  so,  l i s t  

d. Any type  c l o t h i n g  o r  c l o t h ?  

I f  so,  what type?  

Have you e v e r  had a sk in  r a s h  from your  shoes?  

ttave you e v e r  deve loped  a r a s h  from your  w r i s t  
watch band? 

ttave you e v e r  deve loped  a r a s h  from any meta l  
in c o n t a c t  w i t h  your  sk in?  

Since  wear ing  the  e x p e r i m e n t a l  e y e g l a s s  f r ames ,  
have you no t ed  any r a s h  or  i t c h i n g  on or  around 
the  f a c e ?  

a. Your nose?  

b. Your eyebrows? 

A-1 

Yes N o  

/-7 /-7 

/--7 /--7 

/-7 /-7 

/-7 /--7 

/-7 /-7 

/--7 ,/-7 

/--7 ,r-7 

f 7  /7 

7-7 /-7 



c. Your h a i r l i n e ?  

8. Are the exper imenta l  eyeg lass  frames in ~'our 
op in ion  

Comfort able  ? 

Provide good f i t ?  

9. ,~y  co~nents? 

/-7 

/-7 

/-7 

/-7 

/-7 

/-7 

A-2 


