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T h r o u g h o u t the years prosthetists have been aware of the need for m o r e 
efficient and functional upper extremity prostheses. Convent ional upper 
extremity prostheses are now vastly super ior to those available in the past. 
However , there is still much need for improvement , especial ly for the m o r e 
severely involved eases. Al though previous attempts to increase efficiency and 
function through the application of external power have met with vary ing 
degrees of success, in many instances the designs p roduced were too c o m p l e x 
for practical appl icat ion. 

Greater emphasis is now being placed UPON THE USE OF EXTERNAL POWER 
in order to p rov ide amputees with an answer to their prosthetic needs. O u r 
coopera t ive efforts in this direct ion have resulted in the deve lopment o f a 
successful pneumat ic upper extremity prosthesis utilizing modif ied standard 
prosthetic and orthotic componen t s . 

A 20-year-old male S / D amputee was fitted with this type of prosthesis. 
He is successfully using it at the present t ime. Three addi t ional shoulder 
disarticulation patients are n o w being fitted with similar prostheses. Th i s 
utilization of standard componen t s has proved to he both economica l and 
expedient , contr ibut ing greatly to the degree o f success . 

BASIC INVESTIGATION 
The success o f pneumatical ly activated or thot ic devices indicated the 

possibil i ty of adapting many of the same componen t s for activating pros­
theses. 

A basic investigation indicated the feasibility o f utilizing the ARTIFICIAL 
muscle for motive power . Th is was abandoned when available space p roved 
inadequate for conta in ing a muscle o f sufficient length to fulfill p o w e r re­
quirements . Later investigations indica ted that the mos t p romis ing approach 
would he to utilize two pis tons: one piston to he attached to the p rox imal 
end o f the wrist, and the OTHER to the p rox ima l end OF THE ELBOW. 

PROTOTYPE DEVELOPMENT 
1. Components 

A push-type piston was des igned for attachment to the Sierra Constant 
Frict ion Wris t and act ivation of both hand and h o o k through the axis of 
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FIGURE 1 

their attachment studs (F igu re 1 ) . Th i s wrist p r o v e d satisfactory for loca­
tion and al ignment of the piston and adjustment o f fr ict ion without affecting 
total piston stroke requirements. 

A pull-type piston was des igned to be attached to the turntable c o m ­
pression r ing o f the Sierra E l b o w wh ich p r o v e d to be satisfactory fo r the 
retention o f adjustable turntable fr ict ion and f r eedom of rotat ion without 
affecting loca t ion or al ignment of the piston. 

T h e e l b o w was then modi f ied b y reversing its pos i t ion relative to the 
arm (F igu re 2 ) , mach in ing a new shaft with reoriented forearm attachment 
slots, and dri l l ing a c learance hole in the plate and lock assembly for the 
piston rod to pass through. 

A pin dr iven into the shaft was connec ted to the pis ton rod b y means 
of a short roller chain with d isconnect links at each end. 

T h e e l b o w l o c k assembly was modi f ied b y substitution o f a simple shaft 
and lever in p lace o f the alternator type lever and c a m system. 

Both the e lbow and wrist were des igned to permit fac tory moun t ing and 
al ignment o f pistons to s implify final installation. 

The A P R L Hand and H o o k were chosen for their adaptabil i ty to push 
activation, and then modi f ied b y substituting a s imple spr ing loaded , push 
activated l inkage system in place of the usual mechanisms and dri l l ing the 
attachment studs to permit the pis ton r o d insert ion. Both hand and h o o k 
are connec ted to or r e m o v e d f rom the wrist in the usual manner . 

2 . Complete Prosthesis 
Convent ional casting, measurement and fabr ica t ion techniques were 

used, substituting the modi f ied componen t s for those normal ly installed. The 
patient was then fitted and harnessed util izing a convent ional chest strap 



FIGURE 2 FIGURE 3 

FIGURE 4 

and axilla l o o p harness. The terminal dev ice piston was connec ted to a 
standard O S C O slide valve activated b y chest expans ion (F igu re 3 ) . A n 
addit ional O S C O slide valve was modi f ied b y installing a stronger return 
spring, then connec ted to the e l b o w pis ton and its distal end attached to the 
lock cable (F igu re 4 ) . 



Both lock and piston are activated b y a single fo rce exerted through 
the axilla l o o p . W h e n pull is applied to the va lve the e l b o w l o c k bar is 
lifted before the slide valve can m o v e to either the exhaust or fill pos i t ions . 
W h e n tension is released the valve returns to the hold posi t ion and the lock 
bar d rops . 

A convent iona l tank and regulator were connected to the valves through 
a simple combina t ion manifold and flow control b lock which permits indi­
vidual adjustment of the rate of flow to both pistons, but does not affect 
exhaust f low. An addi t ional flow con t ro l was installed on the e l b o w piston 
vent. T h e purpose of this system is to p rov ide cont ro l over flexion without 
affecting extension. A Sierra round type shoulder bulkhead permits pneu­
matic lines to pass through the shoulder axis . 
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CONCLUSION 

This prosthesis p rov ides the amputee with a degree o f function u n o b ­
tainable with convent ional prostheses. The power source is ca rbon d iox ide . 
Line pressure is 9 0 psi . A fo rce of 12 ounces applied to the terminal device 
cont ro l va lve through less than 1 1/4. inch o f excurs ion results in 10 pounds 
o f pinch m a x i m u m at the h o o k finger tips. 15 pounds o f pinch at the hand 
finger tips, and opera t ion through their full ranges o f m o t i o n . 

A fo rce o f 2 pounds applied to the e lbow control valve through less 
than 5 / 8 inch p rov ides sufficient p o w e r to lift and m o v e the fo rea rm and 
h o o k or hand, plus 1 - 1 / 2 pounds through 1 3 5 ° o f flexion coup led with 
automatic lock act ivat ion. Addi t iona l illustrations o f this prosthesis are 
shown (F igures 5 through 8 ) . 

BAY S T A T E CLINIC T E A M — T h e Amputee Clinic Team of the Bay State Society for the Crippled 
and Handicapped, Inc., has been operating for twelve years under the direction of Dr. 
Hartson. Front row: Miss Nancy Whenman, O .T .R . , Robert Hartson, M.D., Chief, Anthony J . 
Virgil io, Co-ordinator, and Mrs. Lois-Ann Garcia, R .P .T . Back row: Joseph Martino, C.P., 
Miss Dorothy Walton, Medical Secretary, Miss Brigitta Sorlie, R . P . T . , Wi l l iam R. Rogers, C.P., 
and Theodore G. Wi l l iams, C.P., The Journal is indebted to Howard V. Mooney, Manager 

of the Boston Artificial Limb Co., for this picture. 


