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U P O N R E V I E W I N G MR. K A R G ' S ARTICLE I W A S I M P R E S S E D B Y T H E CLARITY O F 

H I S D E S C R I P T I O N OF T H E R I N G S H O U L D E R J O I N T S . H E TOLD A L O N G S T O R Y I N LITTLE 

M O R E T H A N O N E T Y P E W R I T T E N P A G E , W H I L E I SHALL B E C O N T E N T IF THESE TECHNICAL 

R E M A R K S T A K E LESS T H A N F O U R P A G E S . T H I S D E V E L O P M E N T W A S THE RESULT OF A 

L O N G S E R I E S O F THEORETICAL S T U D I E S A N D A M P U T E E TRIALS O F V A R I O U S T Y P E S OF 

S H O U L D E R P R O S T H E S E S , C O N D U C T E D P R I N C I P A L L Y U N D E R S P O N S O R S H I P OF THE V E T ­

E R A N S A D M I N I S T R A T I O N . C O O P E R A T I V E EFFORTS O F THE D E P A R T M E N T O F E N G I N E E R I N G 

A N D T H E S C H O O L O F M E D I C I N E AT U C L A LED TO D E F I N I T I O N A N D A D O P T I O N O F 

M I N I M U M F U N C T I O N A L R E Q U I R E M E N T S FOR P R O S T H E S I S S H O U L D E R J O I N T S . 

Minimum Functional Requirements of Prosthesis Shoulders 
P R O S T H E T I S T S H A V E L O N G R E C O G N I Z E D V A R I O U S F U N C T I O N A L R E Q U I R E M E N T S FOR 

P R O S T H E S I S S H O U L D E R J O I N T S . T H E Y S E E M TO A T T A C H T H E M O S T I M P O R T A N C E TO T H O S E 

FACTORS W H I C H , A C C O R D I N G TO THEIR P E R S O N A L E X P E R I E N C E , M A Y B E S T H E L P T H E 

BILATERAL S H O U L D E R A M P U T E E C A R R Y OUT T H E A C T I V I T I E S O F D A I L Y L I V I N G . T H U S 

S O M E M E N B E L I E V E THAT S T A B I L I T Y I S THE M O S T I M P O R T A N T R E Q U I R E M E N T , S O T H E Y 

E L I M I N A T E THE J O I N T . O T H E R S U S E T H E H I T C H C O C K P A S S I V E A B D U C T I O N S H O U L D E R 

J O I N T 1 , T H E U C L A P A S S I V E F R I C T I O N S H O U L D E R J O I N T 2 , O R S I M I L A R C O N S T R U C T I O N S . 

E X P E R I E N C E W I T H V A R I O U S T E C H N I Q U E S , A S WELL A S S T U D I E S B Y K E L L E R ET A L 3 , 

B L A S C H K E 4 , A N D OTHERS AT U C L A , H A V E RESULTED I N S P E C I F I C A T I O N O F THE F O L L O W I N G 

D E S I G N C R I T E R I A : 

1. T H E P R O S T H E S I S - T O R S O C O U P L I N G M U S T B E S T A B L E , 

2. A C T I O N M U S T B E RELIABLE, 

3 . ANTERIO-LATERAL E L B O W P O S I T I O N S M U S T B E P R O V I D E D , 

4 . FOR H U M E R A L - N E C K P R O S T H E S E S , S T U M P C L E A R A N C E M U S T B E P R O V I D E D . 

O T H E R C O N S I D E R A T I O N S I N C L U D E C O S T , W E I G H T , A N D C O M F O R T , B U T T H E S E F U N C T I O N A L 

CRITERIA W E R E G I V E N P R I M A R Y C O N S I D E R A T I O N . 

O U R FIRST D E S I G N S T U D I E S D I S C L O S E D THAT E A T I N G A N D TOILETING C O U L D B E A C ­

C O M P L I S H E D IF S I M U L T A N E O U S S H O U L D E R FLEXION A N D A B D U C T I O N W E R E U S E D TO 

P O S I T I O N T H E H U M E R A L S E C T I O N . S I N C E T H I S P O S I T I O N W A S F O U N D TO B E USEFUL 

FOR A N U M B E R OF OTHER A C T I V I T I E S , C O M M E R C I A L L Y A V A I L A B L E S H O U L D E R B U L K H E A D S 

W E R E M O D I F I E D TO G I V E A S W I V E L A C T I O N I N A P L A N E , W I T H THE P R E - P O S I T I O N E D 

SETTING H E L D B Y A S P R I N G - L O A D E D D I S C CLUTCH. T H I S A S S E M B L Y W A S M O U N T E D 

W I T H ITS P L A N E O F A C T I O N VERTICAL B U T S K E W E D W I T H R E S P E C T TO A P A R A S A G I T T A L 

P L A N E . A L T H O U G H THE D E S I R E D A C T I O N W A S A C H I E V E D , THE J O I N T W A S E X P E N S I V E 

A N D H E A V Y , A N D IT F A I L E D TO P R O V I D E C L E A R A N C E FOR A H U M E R A L N E C K S T U M P . 

I N A D D I T I O N , IT G A V E A M P U T E E S A V E R Y B R O A D - S H O U L D E R E D A P P E A R A N C E B E C A U S E 

ITS P O S T E R I O R R I M N E C E S S A R I L Y W A S M O U N T E D TO CLEAR THE S C A P U L A , A N D THE S K E W 

A N G L E B R O U G H T THE A N T E R I O R R I M STILL FARTHER O U T . T H E S E F A C T O R S , A S WELL A S 

P R O B L E M S OF T I S S U E L O A D I N G U N D E R THE S O C K E T , W E R E T A K E N I N T O C O N S I D E R A T I O N 

I N A K I N E M A T I C A N A L Y S I S O F T H E A M P U T E E - S O C K E T - J O I N T C O M P L E X . 

Shoulder Joint Torques and Socket Reaction Forces 
I T I S A P P A R E N T F R O M T H E P R I N C I P L E S O F LEVERS THAT T H E T O R Q U E I N A P R O S ­

T H E S I S S H O U L D E R J O I N T I S E Q U A L TO THE P R O D U C T O F THE A P P L I E D L O A D T I M E S ITS 

LEVER A R M . F U R T H E R , E Q U I L I B R I U M O F THE P R O S T H E S I S R E Q U I R E S A N E Q U A L R E A C T I O N 

FORCE A N D A N E Q U A L R E A C T I O N T O R Q U E . T H E S E R E A C T I O N S A R E T R A N S M I T T E D T H R O U G H 

T H E S H O U L D E R TO T H E S O C K E T W H E R E T H E Y A R E E Q U I L I B R A T E D B Y D I S T R I B U T E D P R E S ­

S U R E I N THE B O D Y T I S S U E . A L T H O U G H T H I S P R E S S U R E D I S T R I B U T I O N V A R I E S W I T H 

S O C K E T FIT, A R O U G H A P P R O X I M A T I O N C A N B E O B T A I N E D B Y A S S U M I N G L I N E A R 
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F O R C E , T O R Q U E , A N D P R E S S U R E R E L A T I O N S 

elastic properties for the tissue. Accordingly, for a load consisting of a 
weight at the terminal device, socket-tissue pressure wi l l vary f rom zero 
at the top of the socket to a maximum at the bottom r im of the front wal l 
of the socket, and oppositely on the back wal l . These force, torque, and 
pressure relations are summarized in F i g . 1. 

Some appreciation of the importance of these factors can be gained by 
assigning values to the weight, the elbow and shoulder flexion angles, and 
the socket and arm dimensions. Wi th the elbow flexed 30° with respect to 
the humeral section, and the humeral section flexed 60° from the vert ical, 
the forearm wi l l be horizontal. Setting the distance from the elbow axis to 
the weight equal to twelve inches, and the distance between the shoulder 
axis and the elbow axis also twelve inches, the effective lever arm is 

Lever A r m = L ( h ) s i n o + L ( f ) s i n ( O + 0 ) = 1 2 s i n 6 0 + 1 2 s i n 9 0 = 1 8 in . 
A ten-pound weight would then produce a torque at the shoulder equal to 
the product of the weight times its lever arm, or 

T o r q u e ( s ) = T ( s ) = (weight) (lever a rm) = (10) (18) = 180 lb-in. 



Lever arms for various combinations of flexion angles can be found graph­
ically by drawing the axes of the humeral and forearm sections to scale 
and measuring the horizontal distance between two vertical lines through 
the shoulder axis and the weight. 

It can be shown if two elbow laminating rings are bolted together to 
form a disc-clutch shoulder joint, as is sometimes done, the unavoidable 
eccentric loading produces a large radial force on the bolt and the holes 
in the rings. For the conditions given, when using three-inch diameter rings, 
this force can be as great as 150 pounds, or 6,400 pounds per square inch of 
projected area. Repeated adjustments of the shoulder then cause galling and 
wear of the holes in the aluminum rings. This trouble can be eliminated by 
providing a bearing of larger diameter in the joint. 

Going next to the socket-tissue pressure distribution, some trouble may 
be encountered as exact analysis of this pressure distribution is complicated 
by the compound curvature of the socket. However, an important principle 
can be developed qualitatively if the socket shape is approximated by a 
rectangular box section. This principle relates the socket-tissue pressure to 
the socket size and explains the discomfort experienced by amputees wear­
ing small sockets. These small sockets are sometimes used to permit a snug 
fit and maximum possible ventilation. As the maximum pressure within 
the socket varies inversely with the socket height, we developed a structured 
socket which comes down eight or nine inches on the chest wall and extends 
within an inch or two of the sagittal plane, as shown in Fig. 2. This socket, 
generally referred to as the spar-strut socket, is reinforced with glass bead-
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BILATERAL HUMERAL—NECK PROSTHESIS 



ing around its periphery and up the center strut to permit cutting large 
ventilating holes, as described by Henderson5. Additional ventilation is pro­
vided by the clearance through the shoulder joint. By actual test, the load 
which amputees can carry without discomfort has been tripled and quad­
rupled by use of this socket, and shoulder movement is impaired only 
slightly as the socket tends to swivel about the chest wall. This socket struc­
ture is an integral feature of prostheses using the ring-humeral neck shoulder 
joint as described in the next section. 

Geometry and Mechanics of the Ring-Type Humeral-Neck Shoulder Joint 
Design studies based on the anatomy of the shoulder and the functional 

FIGURE 3 

KINEMATIC DIAGRAM 



requirements given above resulted in several feasible motions and mechan­
isms. Some of these were found to be quite complex, with two-axis swivels, 
ball bearings, multiple-disc clutches, circular dovetail slides, and other 
elaborate features. The configuration selected as being most practical as 
well as feasible was a threaded metal ring mating with a threaded humeral 
section in such a way that the threads could serve as a swivel bearing. Its 
mounting and adjustment are described by Mr. Karg, but the geometry of 
its compound motion may be clarified by the diagram of Fig. 3. 

The ring is mounted with its axis centered on the shoulder pivot and 
inclined ten to thirty degrees below the horizontal so that its plane con­
forms closely to the body contour. Then if the humeral section is vertical 
for zero flexion, its axis will generate a conical surface as it is flexed or 
hyper-extended. This motion combines flexion and abduction into one mo­
tion; the amount of abduction present can be varied by rotating the humeral 
section about a vertical axis during build-up of the ring on the mold. It 
should be noted that some abduction with hyperextension may occasionally 
be used in back of the body. 

In order to obtain maximum strength from the plastic threads, the ring 
threads are a modified Acme type, called knuckle threads. Static and dy­
namic loading tests on a child-size prosthesis and specimens with 3 1/2-inch 
diameter joints showed that the threads had ample strength. They withstood 
a side load of 200 pounds at the end of a seven-inch humeral section without 
any damage and required an axial load of 2,320 pounds to produce failure. 
The complete socket, humeral section, and ring weighed fourteen ounces, and 
adult-size assemblies have been made that weighed less. 

As Mr. Karg noted, the joint permits complete circumduction of the arm 
about the shoulder with a fairly natural motion. This feature may give it 
utility for orthotic work, and there is a possibility of using it with external 
power for braces and prostheses. 
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