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In the past , pros thet ics research has been con
cerned primarily with the mechanical aspects of 
limb design and const ruct ion. We are now ca
pable of making very good , l ightweight, durable 
pros theses of plastic laminate. In our laboratory 
we have had an occasional exper ience in which 
the artificial l imb, though technically very ade
qua te , did not quite satisfy the pat ient . On 
quest ioning pat ients about this react ion, it gradu
ally became evident that the problem was in the 
mismatch be tween the color of the prosthesis 
and that of the pa t ien t ' s skin. We have particu
larly noted this with our Black pat ients . 

As the Blacks and other minority groups be
come more conscious of their racial identities, 
they are rightfully demanding that their individ
ualities be recognized. Those of us in pros
thet ics must recognize this . 

In view of the emerging importance of more 
adequate esthetic t rea tment , we developed a sys
tem of color compar ison and color matching 
which we hope will aid the prosthet is t or orthotist 
in: 

1. Accura te determinat ion of the skin color 
of the patient. 

2. Reproduct ion of the selected matching 
color in the laminated plastic pros thes is . 

3. Recognizing the impor tance from the psy
chological s tandpoint of matching the color of 
the prosthesis with that of the pa t ien t ' s skin. 

T H E R E S E A R C H S T U D Y 

E A R L Y M E T H O D S O F S K I N M A T C H I N G 

Ser ious a t t empts at matching skin colors and 
tones began early in World War I I . The Navy 
Dental Depar tment at Bethesda made certain 
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original contr ibut ions to coloring polyvinyl chlo
ride for their own requi rements . Using their ex
per ience , the N P R L made several hand molds 
that made it possible to p roduce experimental ly 
a limited number of cosmet ic g loves . These 
gloves were used with the N a v y articulated artifi
cial hand (Fig. 1). 

T h e Army Prosthet ics Research Labora to ry 
(now Army Medical Biomechanical Research 
Labora tory) were also developing improved de
vices, including es thet ic improvement s , for 
upper-l imb amputees . To avoid duplication of 
effort, N P R L abandoned further research on 
artificial hands and gloves . The Army has subse
quent ly developed a hand and glove combinat ion 
which today may be among the best in exis tence . 

Using the exper iences of the Navy Dental and 
Army uni ts , we a t tempted the cosmet ic treat
ment of artificial legs, concent ra t ing on those 

Fig. 1. E X P E R I M E N T A L P O L Y V I N Y L C H L O 
R I D E G L O V E A N D A R T I C U L A T E D A R T I F I 
C I A L H A N D — T h e N P R L molded polyvinyl 
cosmetic glove was individually colored at time of 
fabrication to match the skin tones of the patient. 



for female pa t ients , with some success . 
T w o types of cosmet ic t rea tment were 

devised: 
1. Sponge Rubber Sect ions . 

Cut sect ions of thin, sponge rubber were 
applied to the external surface of the 
laminated plastic leg in such a way that 
the c losure line cor responded with the 
seam line of the nylon hose on the posterior 
surface of the leg. This presented a smooth , 
resilient, conforming cover . A paint, mixed 
to match the skin color and tone of the 
contra la teral leg, was applied. A pledget 
of co t ton gauze was used to gently stipple 
the wet surface thus providing a life like 
skin tex ture . Sheer nylon hose were worn 
directly over the cover without difficulty. 
La te r work resul ted in a method of applying 
" p a n c a k e m a k e u p " to the surface, allow
ing the pat ient to change the shade of her 
pros thet ic leg to match the changes due 
to exposure to the sun. T h e cover could 
be cleaned with soap and water . 

2. Molded Polyvinyl Chloride 
This consis ted of a thin, molded, polyvinyl 
chlor ide. The material was formed by a dip
ping process using a mold made of thin, 
sheet copper in the shape of the leg. The 
cover was formed by repeatedly dipping 
the copper mold until the desired th ickness 
was obta ined. Repeated dippings also per
mitted considerable latitude in achieving 
proper and pleasing color matches . 

Nei ther of these techniques proved to be prac
tical in making large number s of limbs and both 
have been abandoned . 

P R E S E N T C O L O R I N G M E T H O D S 

Current ly we have eight color pigments3 avail
able to us when we prepare plastic laminated 
prosthet ic componen t s . These are : 

1. White 
2. Caucasian 
3 . Mexican 
4. 3-A 

5. 4-A 
6. 6-A 
7. Burnt Umber in G-62 
8. Black in G-62 

Often these do not match very closely the true 
skin color of the patient. As a consequence the 
prosthet is t mixes two or three colors together 

until he has a color which looks as though it 
will be close to the pa t ien t ' s skin color. Some
t imes it is. The prosthet is t , however , usually 
does not record how much of each pigment he 
has used, thus it is impossible to duplicate that 
specific color later if it becomes necessary . 

In many ins tances limbs consist of several dif
ferent laminated plastic componen t s which are 
made at different t imes by different technic ians ; 
for ins tance , the hip disart iculation pros thes is . 
Often, the several componen t s come out with 
slightly differing colors . 

With this in mind we decided to a t tempt 
to s tandardize our color sys tem. Our goal was 
to allow the patient to choose the color that most 
nearly matched his skin. We had hoped that this 
p rocedure would make the pat ient feel he was 
a member of the "p roduc t ion t e a m " as well as 
add to the accuracy of the result. Addit ionally, 
we wished to identify the color shadings numeri
cally so that any prosthet is t might exactly re
produce a color used earlier. 

P R O D U C T I O N O F T E S T M O D E L S 

The eight basic p igments , listed above , were 
used to make up a Master Skin Tone Table (Table 
1) in which each of the commercia l pigments was 
mixed as indicated, in a total of forty-one combi-
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Fig. 2 . P O U R I N G MOLD—Tapered and rounded 
mold was used for forming standard plaster models . 
They were poured with a mandrel in place. 



T A B L E 1—Matrix of Mixtures to Obtain Color Swa tches . Colors 7 and 8 are deleted because 
both are je t black. 

nat ions of pigments . We wanted to dupl icate , 
in minia ture , exactly the same s t ructure as our 
laminated limb componen t s , each containing 
graduated amoun t s of color p igments . The stan
dard form used to p roduce identical plaster cas t s 
was a tapered , plastic cylinder with a c losed, 
rounded end filled with plaster (Fig. 2 ) . A man
drel is used to facilitate handling and application 
of suct ion during polymerizat ion of the laminated 
plastic. On removal from the mold each test 
model was dried thoroughly, sanded lightly, and 
then covered with a thin layer of polyvinyl ace
ta te . The laminating materials (Fig. 3) consist ing 
of a first layer of dacron fleece followed by four 
layers of nylon stockinet were applied. 

S tandard quanti t ies of polyester plastic with 
graduated amoun t s and kinds of pigments shown 
in the Master Skin Tone Chart were used to 
sa tura te the laminates now in place. Methylethylketone peroxide was used as the catalyst and 
each unit was polymerized under suction. 

When completely polymerized the top brim 
was cut away (Fig. 4) and the conical cup re

moved from the plaster . The cups were then cut 
into four longitudinal fourths and the e lements 
shaped into " p a d d l e s " to provide four sets of 
color samples for use in the product ion shop . 
Each paddle was coded to show the color and 
percentages of each componen t—the numerical 
identification referred to earl ier—to allow accu
rate color duplicat ion. Apothecary scales were 
used in all weighings, because considerable ac 
curacy is required in this p rocedure . When com
pleted, each of the four sets of paddles were 
strung together on a nylon cord , ready for use 
in directly matching the skin color (Fig. 5 ) . 

The actual matching (F ig . 6) should take place 
in ordinary daylight, and not under artificial light. 
Howeve r , special lights are available which are 
color correc ted and permit inside color matching. 
These are used inside a special light booth which 
masks out o ther kinds of artificial light. 

M A T C H I N G S K I N C O L O R S 

In use , the paddle most nearly matching the 



Fig. 3 . L A M I N A T E O V E R M O D E L — T h e standard 
laminated structure was duplicated over models similar 
to a laminated shin. Suction was used during polymeri
zation. 

Fig. 4 . R E M O V A L & Q U A R T E R I N G — T h e cone 
is shown being removed and quartered. 

Fig. 5. S K I N T O N E COLORS—Paddles in array 
show the eight basic colors in the center plus the 
remaining thirty-three skin tones arranged around the 
periphery. 

Fig. 6. M A T C H I N G S K I N COLORS—Appropriate 
paddle is selected by comparing with skin. 

skin color of the subject is selected, using day
light only. Referring to the Master Skin Tone 
Char t , the formula on the back of the paddle 



selected is located. For example , suppose the 
formula i s — " 1 % of 3 + 1% of 8 " . This means 
that when the amount of plastic is determined 
which will be requi red for lamination of the com
ponent at hand—for ins tance , 600 grams—then 
the calculation will be as follows: 

600 grams of polyester 
6 grams of # 3 ( 1 % of Mexican) 
6 grams of # 8 ( 1 % of Black in G-62) 

plus catalyst 
612 grams—tota l 

When mixed, applied and polymer ized under 
suct ion, the result ing lamination will accurately 
match the skin tone paddle selected and , if the 
original matching was properly accompl ished , it 
will accurately match the skin of the pat ient . 

D I S C U S S I O N 

This color-matching system requires some 
care and a few precau t ions . The quanti t ies noted 
are exac t . Mater ia ls used must not become con
taminated by careless use and s torage. The scales 
must be accura te enough to weigh the small quan
tities involved. We have found that the plastic 
laminate color is affected somewhat by the 
underlying material . The same color will appear 
darker over wood . It will appear lighter over 
white foam. 

One problem which still is unsolved is that 
there is some variation in the pigments as they 
come from the supplier. It is hoped that bet ter 
quality control can be inst i tuted, and we hope 
to make recommenda t ions in the future to the 
prosthet ic-orthot ic profession relating to stan
da rds . We feel that patient part icipation is very 
important . The patient is given the samples and 
is encouraged to try them out in various lighting 
condi t ions . It is left up to him to choose the 
proper color . When he does this he feels he has 

become part of the clinic team, because he has 
some say in how his artificial limb will look. We 
have received favorable response from our 
pat ients since we have instituted this sys tem. 
In those few cases in which the color match has 
not been as good as we might have hoped, the 
patient feels he is at least partially to b l ame , and 
thus is not so critical of the prosthet is t . 

S U M M A R Y A N D C O N C L U S I O N S 

The prosthet ics profession has an obligation 
to improve the color matching of artificial limbs 
to the respect ive skin colors of pat ients . Our 
minority pa t ients , as they become more proud 
of their racial identities are beginning to insist 
on it. 

We have presented our preliminary efforts at 
developing a s tandardized color sys tem for use 
with plastic laminate prosthet ic componen t s . It 
involves forty-one plastic laminate color samples 
which cover the spec t rum from the lightest Cau
casian to the darkes t Negro and include many 
tones suitable for the Mexican-Amer ican . Each 
color sample is numbered so that the prosthet is t 
can refer to a char t and quickly determine what 
propor t ions of the basic pigments to use to repro
duce it. The patient is asked to choose that color 
which most nearly matches his skin color . Vari
ables are introduced by lighting, by the material 
over which the plastic laminate is applied and 
by variat ions in the pigments as they come from 
the supplier. These were discussed briefly. 

Fur ther development of a color matching sys
tem and better s tandardizat ion of colors are re
quired. We intend to cont inue working on this. 
As we learn more about the pigments and the 
color matching process , we hope to be able to 
extend the system to prosthet ic feet, our molded 
plastic knees and our plastisol coatings for or tho
ses . 


