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INTRODUCTION 
I. History 

The need for a functional and cosmetically-acceptable hand for juvenile 
amputees has existed for many years, In 1958 the Army Prosthetics Research 
Laboratory attempted to fill the void by developing a child's voluntary-
opening hand, denoted as size No. 1. The Sierra Engineering Company con
tracted to manufacture this hand, and two other companies (Kingsley M a n u 
facturing Company and Prosthetic Services of San Francisco) were enlisted 
to manufacture suitable cosmetic gloves. 

Following preliminary testing of a prototype model, modifications to 
eliminate certain shortcomings were incorporated in 50 production models. 
A field test was initiated in April 1960, with evaluation of the cosmetic 
gloves included as an integral part of the study. Preliminary findings based 
upon experiences in fitting 20 children were reported in October 1960 
(1). The results indicated that the hand was acceptable cosmetically and 
provided satisfactory function in the activities typically performed by the 
children. The general workmanship and cosmesis of the gloves provided by 
both manufacturers had also achieved a satisfactory level, after certain 
initial fabrication difficulties. However, several problems had been identi
fied during this phase of the study, the most serious of which was a lack 
of glove durability. Ridges and sharp edges on the exterior of the hand ap
parently contributed to rapid glove damage. 

It was decided to modify the original production-model hands and then 
refit them to the subjects in the study. These modifications included the 
elimination of glove-cutting edges, strengthening of the floating-finger at
tachments and the spring mechanism of the thumb, and raising the cable 
exit. In November 1960 "old" hands revised in this manner began arriving 
at New York University-Child Prosthetic Studies and in April 1961 the 
manufacturer produced a series of new hands which incorporated all of the 
above modifications. 

* Copies of the report here summarized are avai lable f rom the Ch i ld Prosthetic 
Studies, Research Divis ion, College of Engineer ing, N e w Y o r k Universi ty , 252 7 th Ave. , 
N e w Y o r k 1 , N . Y . 

( 1 ) " I n t e r i m Repor t , F ie ld T e s t — A P R L - S i e r r a Ch i ld Size M o d e l N o . 1 H a n d 
( R i g h t ) , " Ch i ld Prosthetic Sludies, Research Divis ion, College of Engineer ing, New 
Y o r k Universi ty , N . Y . C , October 1960. 
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An Interim Report (2) , summarizing the results of the field study to 
mid-May 1961, was prepared for the Subcommittee on Children's Prosthetics 
Problems and the results reinforced earlier findings concerning the accepta
bility of the hand and gloves. The APRL-Sierra Child Size Model No. 1 
Right Hand was accepted as satisfactory for general use by child amputees 
on the basis of this report, and the study was terminated in the latter part 
of 1961. 

Following the generally successful outcome of the No. 1 Right Hand 
evaluation, manufacture of the No. 1 Left Hand was initiated. In May 1961, 
NYU-Child Prosthetic Studies reported the results of a preliminary examina
tion of two units manufactured by the Sierra Engineering Company (3). 
The hands appeared to be of excellent quality and workmanship, with minor 
exceptions, and in June 1961 the manufacture of 55 additional left hands for 
field test purposes was authorized. 

During September and October 1961 NYU-Child Prosthetic Studies 
received two shipments totaling 40 hands from the manufacturer. These 
were found to be unacceptable because of manufacturing deficiencies and 
all were returned for modification. It was not until February 1962 that 37 
hands were finally accepted for use in the field study. Another 14 hands 
submitted later were also found to be suitable, fUR a total of 51. 

Another Interim Report (4) on the status of the field stud) was sub
mitted at the October 1962 meeting of the Subcommittee on Children's 
Prosthetic Problems. It was reported that the APRL-Sierra Model No. 1 
Left Hand was considered to be essentially satisfactory both mechanically 
and functionally, although more rigid quality control in manufacture and 
assembly was desirable. The recommendations of this report—that the hand 
and cosmetic glove be approved for commercial distribution—were accepted 
by the Subcommittee and the study was terminated in January 1963. 

II. Purposes of the Study 
The APRL-Sierra Child Size No. 1 Hand (both Right and Left) was 

developed in order to provide the juvenile upper-extremity amputee with a 
cosmetically acceptable terminal device, which would closely resemble the 
normal hand in size, shape and coloring. Maximum function, commensurate 
with cosmesis, simplicity of operation, strength considerations and reason
able cost, was a concomitant objective. 

Since the field study of the Left Hand was essentially an extension of 
the Right-Hand Study, the general goals of both evaluations were identical: 

1) to introduce the hand into clinical use; 
2) to corroborate findings of laboratory studies; 
3) to determine the acceptability, utility, application, and durability of 

the production-model hand and glove; 
4) to investigate indications and contraindications for prescription. 
In the light of the experience gained in the prior Right-Hand Study, 

three considerations were given closer attention in the Left-Hand evaluation: 
1) Performance differences between the experimental hand and the 

(2) "INTERIM REPORT, FIELD TEST—APRL-SIERRA CHILD SIZE MODEL NO. 1 HAND 
(RIGHT)." CHILD PROSTHETIC STUDIES, RESEARCH DIVISION, COLLEGE OF ENGINEERING, NEW 
YORK UNIVERSITY, N . Y . C , MAY 1961. 

(3) "MEMORANDUM REPORT: PRELIMINARY CONSIDERATIONS OF THE APRL-SIERRA CHILD 
SIZE MODEL 1A(LEFT) HAND," CHILD PROSTHETIC STUDIES, RESEARCH DIVISION, COLLEGE OF 
ENGINEERING, NEW YORK UNIVERSITY, N . Y . C , MAY 1961. 

(4) "INTERIM REPORT, APRL-SIERRA NO. 1 (LEFT) HAND," CHILD PROSTHETIC STUDIES, 
RESEARCH DIVISION, COLLEGE OF ENGINEERING, NEW YORK UNIVERSITY, N . Y . C , OCTOBER 1962. 



h o o k s p r e v i o u s l y w o r n were , i n v e s t i g a t e d in g r e a t e r d e t a i l t h a n w a s 
t h e c a s e i n t h e R i g h t - H a n d S t u d y . 

2 ) T h e s h o r t w e a r - l i f e o f t h e c o s m e t i c g l o v e s u s e d i n t h e R i g h t - H a n d 
S t u d y p r e s e n t e d a d e f i n i t e a n d c h a l l e n g i n g p r o b l e m . I n t h e c o u r s e 
o f t h e s t u d y t h e e x t e r i o r o f t h e e x p e r i m e n t a l h a n d w a s e x t e n s i v e l y 
m o d i f i e d to e l i m i n a t e s h a r p e d g e s w h i c h m i g h t c o n t r i b u t e to g l o v e 
d a m a g e . T h e e f f e c t i v e n e s s o f t h e s e c h a n g e s w a s o f p a r t i c u l a r i n t e r e s t 
i n t h e L e f t - H a n d S t u d y . 

3 ) T h e e f fec t o f h a n d w e a r o n t h e c h i l d ' s s c h o o l b e h a v i o r w a s a p l a n n e d 
a s p e c t o f t h e R i g h t - H a n d S t u d y . L i t t l e d a t a w a s s e c u r e d o n t h i s 
s i g n i f i c a n t s u b j e c t , h o w e v e r , s i n c e t h e s t u d y o v e r l a p p e d t w o s c h o o l 
y e a r s . W i t h t h e e a r l i e r c o m m e n c e m e n t o f t h e L e f t - H a n d S t u d y 
( F e b r u a r y 1962) these d a t a w e r e o b t a i n e d f o r a l i m i t e d n u m b e r o f 

c h i l d r e n f i t t e d d u r i n g M a r c h a n d A p r i l 1 9 6 2 . 

I I I . Description of Hand 
T h e A P R L - S i e r r a C h i l d S i z e M o d e l N o . 1 H a n d , b o t h r i g h t a n d l e f t , 

c o n s i s t s o f a m e t a l h a n d s h e l l a n d t w o m o v a b l e fingers ( i n d e x a n d m i d d l e ) 
w h i c h a r t i c u l a t e at t h e i n t e r - a n d m e t a c a r p o - p h a l a n g e a l j o i n t s . Th is t y p e o f 
a r t i c u l a t i o n is d e s i g n e d to p e r m i t m a x i m u m f i n g e r t r a v e l w i t h o u t u n d u e d i s 
t o r t i o n o f t h e c o s m e t i c g l o v e . T h e t h u m b m a y be set m a n u a l l y i n t w o p o s i 
t i o n s , w i t h t w o finger-opening d i m e n s i o n s p o s s i b l e : w i t h t h e t h u m b i n the 
" s m a l l - o p e n i n g " p o s i t i o n g r i p p i n g o f o b j e c t s 0 to 1 3 / 8 " ( m i n i m u m ) s h o u l d 

b e p o s s i b l e , w h i l e t h e " l a r g e - o p e n i n g " t h u m b p o s i t i o n s h o u l d a c c o m m o d a t e 
o b j e c t s 5 / 8 " t o 2 " ( m i n i m u m ) . F o a m o r s i l i c o n r u b b e r floating fingers 
( r i n g a n d l i t t l e finger) a r e a t t a c h e d t o t h e h a n d s h e l l w i t h a n i n s e r t p i n a n d 
a r e n o n - f u n c t i o n a l . 

PLATE II 
APRL-Sierra Child Size Model No. 1 Hand 



HAND FUNCTION IS OF THE SO-CALLED "VOLUNTARY-OPENING" TYPE, I.E., A PULL 
ON THE CONTROL CABLE OPENS THE FINGERS AGAINST A SPRING FORCE WHICH CLOSES 
THEM WHEN THE CABLE IS RELAXED. THE HAND MECHANISM PROVIDES A PINCH 
FORCE OF APPROXIMATELY TWO POUNDS AT THE FINGERS AND REQUIRES ABOUT TEN 
POUNDS OF FORCE TO OPEN THE FINGERS FULLY. INCORPORATED IN THE MECHANISM 
IS A "FOLLOWING" LOCK OR "BAC-LOC," WHICH PREVENTS THE FINGERS FROM OPENING 
WHEN A FORCE OR LOAD UP TO A MAXIMUM OF TEN POUNDS IS APPLIED AGAINST THEM. 

THE HAND IS DESIGNED TO BE OF LIFE-LIKE PROPORTIONS AND SHAPE, SO THAT 
A REALISTIC APPEARANCE IS ATTAINED WHEN IT IS COVERED WITH THE APPROPRIATE 
COSMETIC GLOVE. THE SPECIFIED OVERALL DIMENSIONS OF THE HAND ARE: 

LENGTH (WITH FINGERS CLOSED)--- 3- 5 / 8 " 
LENGTH (WITH FINGERS EXTENDED)--- 4- 3 / 4 " 
WIDTH (AT METACARPO-PHALANGEAL JOINTS)--- 2- 3 / 1 6 " 
THICKNESS (AT METACARPO-PHALANGEAL 

JOINTS OF INDEX FINGER AND THUMB)--- 2 - 1 / 1 6 " 
FURTHER DETAILS CONCERNING THE STRUCTURAL AND FUNCTIONAL CHARACTERISTICS 

OF THE NO. 1 HAND MAY BE FOUND IN THE A P R L SPECIFICATIONS REPORT 2-61 
(5) AND REFERENCED PUBLICATIONS. 

SUMMARY 
THE FINDINGS FROM THE STUDY OF THE APRL-SIERRA CHILD SIZE NO. 1 

(RIGHT AND LEFT) HaND ARE PRESENTED IN THIS REPORT. THE EXPERIENCES of 
77 CHILDREN ARE DESCRIBED, INCLUDING 38 SUBJECTS FITTED UNILATERALLY WITH THE 
RIGHT HAND. 38 FITTED UNILATERALLY WITH THE LEFT, AND ONE CHILD FITTED BILATERALLY. 
ALL CHILDREN DISCUSSED IN THE REPORT WORE THE EXPERIMENTAL HAND FOR A MINI 
M U M of FOUR MONTHS, EXCEPT FOR SEVEN SUBJECTS WHO REJECTED IT PRIOR TO 
COMPLETION OF THE WEAR PERIOD PLANNED FOR THE STUDY. 

THE OVERALL AGE RANGE OF THE SAMPLE (AT THE TIME OF FITTING) WAS FROM 
4 YEARS TO 1 2 YEARS 4 MONTHS. ALL LEVELS OF UPPER-EXTREMITY AMPUTATION 
(PROSTHETIC TYPE), FROM WRIST-DISARTICULATION TO SHOULDER-DISARTICULATION 
WERE REPRESENTED. THE ONE CHILD FITTED WITH BOTH RIGHT AND LEFT HANDS WAS 
A BILATERAL BELOW-ELBOW AMPUTEE. 

ALTHOUGH THE RIGHT- AND LEFT-HAND PORTIONS OF THE STUDY WERE NOT 
CONDUCTED CONCOMITANTLY, FOR THE MOST PART THE FINDINGS WERE CONSISTENT AND 
MAY BE SUMMARIZED JOINTLY. THEY WERE: 

I. Overall Acceptance 
LESS THAN 1 0 PERCENT OF THE CHILDREN IN THE STUDY REJECTED THE NO. 1 

HAND COMPLETELY. THE RESPONSE OF THE REMAINING 9 0 PERCENT RANGED FROM 
HIGHLY ENTHUSIASTIC TO LUKEWARM. ACTUAL (AND PLANNED FUTURE) WEAR OF THIS 
MAJORITY GROUP VARIED FROM EXCLUSIVE FULL-TIME WEAR TO PART-TIME USE PRI
MARILY FOR SOCIAL OCCASIONS. COSMESIS WAS THE PRIME FACTOR INFLUENCING THE 
GENERALLY HIGH LEVEL OF ACCEPTANCE. HOWEVER, IN THE MAJORITY OF INSTANCES 
COSMETIC APPEAL WAS SUPPLEMENTED BY AN ADEQUATE DEGREE OF FUNCTION. 

WEIGHT REDUCTION AND AN IMPROVED OPERATING EFFICIENCY (RATIO OF PULL-
TO-PINCH FORCES) WOULD DOUBTLESS ADD TO THE ACCEPTABILITY OF THE NO. 1 HAND. 
BOTH THESE IMPROVEMENTS SHOULD BE FEASIBLE. 

II. School Behavior 
EVIDENCE FROM TEACHERS, PARENTS AND CHILDREN EMPHASIZED THE IMPORTANCE 

OF THE SCHOOL ENVIRONMENT TO THE CHILD. THE SCHOOL MILIEU EMERGES AS PERHAPS 
THE MOST CRITICAL SOCIAL SETTING IN WHICH THE CHILD FUNCTIONS. 

(5) RIBLETT, V., AND HODGE, J . W . , JR., "TENTATIVE STANDARDS, HAND, MECHANICAL, FOR 
UPPER EXTREMITY AMPUTEES, SIZE 1," U.S. ARMY PROSTHETICS RESEARCH LABORATORY, WALTER 
REED ARMY MEDICAL CENTER, WASHINGTON, D.C., SPECIFICATIONS REPORT 2-61, JUNE 1961. 



W e a r i n g t h e N o . 1 H a n d b r o u g h t n o r e v o l u t i o n a r y c h a n g e s i n s c h o o l 
a t t i t u d e s o r b e h a v i o r . N e v e r t h e l e s s , t h e r e w a s e v i d e n c e t h a t h a n d w e a r 
m a d e a g e n e r a l l y p o s i t i v e a l t h o u g h v a r i a b l e c o n t r i b u t i o n t o t h e c h i l d ' s s e l f -
c o n f i d e n c e a n d t o t h e a c c e p t a n c e o f t h e c h i l d b y h i s p e e r s a n d / o r h i s t e a c h e r . 

III. Appearance of Hand 
A . Hand Design—The c h i l d r e n p a r t i c i p a t i n g i n t h e s t u d y ( a n d t h e i r 

p a r e n t s ) w e r e a l m o s t u n a n i m o u s i n e x p r e s s i n g a h i g h m e a s u r e o f s a t i s f a c 
t i o n w i t h r e g a r d t o t h e s h a p e c o n f i g u r a t i o n o f t h e N o . 1 H a n d . 

B . Hand Size—The s i z e o f t h e N o . 1 H a n d w a s s a t i s f a c t o r y , o r a t 
l e a s t a c c e p t a b l e , t o t h e m a j o r i t y o f t h e c h i l d r e n i n t h e s t u d y . I t w a s t o o 
l a r g e f o r v e r y f e w c h i l d r e n , b u t t o o s m a l l f o r a l a r g e r n u m b e r , e i t h e r i n i t i a l l y 
o r a s a r e s u l t o f n o r m a l g r o w t h . T h i s p r o b l e m o f u n d e r s i z i n g , h o w e v e r , 
w o u l d b e o b v i a t e d b y t h e a v a i l a b i l i t y o f a l a r g e r h a n d ( N o . 2) t o p r o v i d e 
a s i z e c o n t i n u u m . 

C h i l d r e n w h o s e n o r m a l h a n d s i ze a p p r o x i m a t e d t h a t o f t h e e x p e r i m e n t a l 
i t e m , o r c a m e w i t h i n a c c e p t a b l e l i m i t s , t y p i c a l l y f e l l i n t o t h e 4 - t o 8 - y e a r - o l d 
b r a c k e t . 

IV. Gloves 
I n a n u m b e r o f i n d i v i d u a l i n s t a n c e s , m i s m a t c h i n g o f s h a d e s w a s e v i d e n t . 

I n g e n e r a l , h o w e v e r , t h e c o l o r i n g , t o n e s , t e x t u r e a n d fit o f t h e c o s m e t i c 
g l o v e s u s e d i n t h e s t u d y w e r e r e c e i v e d e n t h u s i a s t i c a l l y b y c h i l d r e n a n d 
p a r e n t s . 

V. Function 
T h e p r e c i s e e x t e n t o f u s e f u l n e s s o f t h e N o . 1 H a n d i n tasks t y p i c a l l y 

p e r f o r m e d b y t h e c h i l d r e n i n t h e s t u d y w a s s o m e w h a t o b s c u r e d b y " h a l o " 
e f f e c t s . H o w e v e r , t h e t o t a l e v i d e n c e i n d i c a t e s t h a t : 

1 . T h e N o . 1 H a n d p r o v i d e s less t o t a l f u n c t i o n t h a n t h e e q u i v a l e n t 
( D o r r a n c e # 1 0 X ) H o o k w o r n b y t h i s a g e g r o u p o f c h i l d r e n . 

2. T h e N o . 1 H a n d p r o v i d e s f u n c t i o n e q u a l t o t h a t o f t h e a p p r o p r i a t e 
h o o k f o r n u m e r o u s a c t i v i t i e s . 

3. T h e f u n c t i o n o f t h e h a n d w a s s u p e r i o r t o t h a t o f t h e h o o k f o r s o m e 
o f t h e c h i l d r e n i n t h e p e r f o r m a n c e o f c e r t a i n s p e c i f i c t a s k s . 

VI. Durability 
A . Hand—Although t h e N o . 1 H a n d d o e s not a p p e a r to b e e x c e s s i v e l y 

f r a g i l e , m a l f u n c t i o n s a n d b r e a k a g e s o c c u r r e d w i t h s u f f i c i e n t f r e q u e n c y i n 
t h e c o u r s e o f t h e s t u d y t o b e c a u s e f o r c o n c e r n . 

I t a p p e a r e d t h a t i n s o m e i n s t a n c e s c a u s e s o f b r e a k a g e c o u l d b e r e d u c e d 
o r e l i m i n a t e d b y m a n u f a c t u r i n g m e a s u r e s . I t w a s o b v i o u s , h o w e v e r , t h a t a 
g r e a t d e a l o f t h e d a m a g e w a s a t t r i b u t a b l e t o t h e a c t i v i t y h a b i t s o f t h e w e a r e r s . 
T h u s , i t w o u l d b e a n t i c i p a t e d t h a t i f h a n d s w e r e u s e d o n a n u n r e s t r i c t e d 
b a s i s , a f a l l o r s o m e o t h e r v i o l e n c e d o n e t o t h e h a n d , t h e e n t r a n c e o f d i r t 
a n d / o r w a t e r i n t o t h e m e c h a n i s m , e t c . , w o u l d r e s u l t i n u l t i m a t e b r e a k a g e 
o r m a l f u n c t i o n . 

B . Glove—The l a c k o f d u r a b i l i t y o f t h e g l o v e s u s e d i n t h e N o . 1 H a n d 
S t u d y w a s t h e p r i m e n e g a t i v e f e a t u r e i n t h e e n t i r e i n v e s t i g a t i o n . I t w a s 
a p p a r e n t t h a t t h e g l o v e s a v a i l a b l e f o r t h e h a n d w e r e n o t s t r o n g e n o u g h f o r 
t h e t r e a t m e n t m e t e d o u t t o t h e m . D e f i c i e n c i e s i n s t a i n a n d d i s c o l o r a t i o n 
r e s i s t a n c e p r e s e n t e d l e s s e r p r o b l e m s . 

VII. Conclusions and Recommendations 
T h e A P R L - S i e r r a N o . 1 H a n d c o m b i n e s e x c e l l e n t a p p e a r a n c e w i t h a 

c o n s i d e r a b l e d e g r e e o f f u n c t i o n . F o r m a n y c h i l d r e n , t h e h a n d ' s s u p e r i o r 
a p p e a r a n c e o f f s e t s a n y f u n c t i o n a l i n f e r i o r i t y t o a h o o k . 



Prescription of the No. 1 Hand may be considered for all unilateral, 
upper-extremity amputation levels from wrist-disarticulation to shoulder-
disarticulation when the normal hand size does not exceed 6-1/4" in cir
cumference at the metacarpal-phalangeal knuckles (excluding thumb) and 
length (radial styloid to thumb tip) does not exceed 3 - 7 / 8 " . This is true for 
both males and females. 

The No. 1 Hand-and-Glove are relatively costly items. The initial cost, 
plus the expense and inconvenience of glove replacements and hand repairs, 
will undoubtedly tend to restrict purchase of the item. Manufacturing care 
to reduce potential breakage of hand parts and intensified efforts to develop 
a markedly more durable glove are recommended. 

Because of possible limitations on hand usage related to glove and/or 
hand durability, it is recommended that concurrent prescription of a hook 
as a "spare" or "play" device be routinely considered. 

Based on the results of the study, the No. 1 Hand definitely merits a 
place in the "armamentarium." Prior Interim Reports have recommended 
that steps be taken to make the No. 1 Hands, both right and left, generally 
available to prosthetic clinics. These recommendations are reaffirmed. 

Dr. Warren Perry Named to New Post 
Promotion of J. Warren Perry, Ph.D., to the newly created position 

Deputy Assistant Commissioner for research and training in the Vocational 
Rehabilitation Administration has been announced by Miss Mary E. Switzer, 
VRA Commissioner. Dr. Perry was formerly assistant chief of the training 
division. 

Miss Margaret M. Ryan also has been promoted from the position of 
training consultant in social work to take Dr. Perry's former job. 

Dr. Perry's major responsibility under the supervision of Assistant 
Commissioner James F. Garrett will be to serve as top consultant in planning 
and developing a nation-wide research and training program in the field of 
artificial limbs and braces for amputees and crippled persons. 

Under the VRA research and training program in general, grants 
totaling millions of dollars are made annually. 

Research grants are awarded to private, nonprofit groups, State and 
rehabilitation agencies, and other public organizations to pay part of the 
cost of activities to advance knowledge and methods for improving the 
rehabilitation of mentally or physically handicapped persons. 

Teaching grants and traineeships go principally to university graduate 
schools, graduate students, and State rehabilitation agencies to reduce 
materially the shortage of professional workers in vocational rehabilitation. 

Immediately prior to joining the staff of the Vocational Rehabilitation 
Administration, Dr. Perry was director of prosthetics education and assistant 
professor of neurology and psychology at Northwestern University Medical 
School. Previously, he was assistant professor of psychology at the Univer
sity of Illinois and a lecturer in the department of psychology at the Univer
sity of Chicago. 

Dr. Perry was born in Richmond. Indiana, and received a B.A. degree 
from DePauw University in 1944. After a year of graduate work at Harvard 
University he obtained a Master's degree in psychology at Northwestern and 
completed his education at the same institution in 1955 by taking a Ph.D. 
degree. 


