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The Sixth Workshop Panel 
(Fig. 1) was convened at the Surf-
rider Inn at 8 :30 a.m., Monday , 
Oct. 21, 1968. A list of participants 
is given in Attachment 1. The 
three-day program was organized 
to permit detailed examination of 
seven externally powered elbow 
systems during the first day and 
for consideration of the items on 

the regular agenda (Attachment 
2) during the succeeding two days. 
As a result of recently accelerated 
developments in externally pow­
ered devices, the Panel on Upper-
Extremity Prosthetic Components 
was charged with expediting their 
transition to evaluation. 

E X T E R N A L L Y P O W E R E D 
E L B O W S 

The principal objectives of the 
first day's meeting were: 

* Prepared for consideration by the 
Committee on Prosthetics Research and 
Development. 



1. T o identify the common 
and special features of each of 
the seven elbows to be pre­
sented. 

2. T o evaluate current utility 
for patients, requirements for 
production, and compatibility 
with current prosthetic tech­
niques. 

3. T o recommend to C P R D 
the production and evaluation 
of an adequate number of 
models for further evaluation of 
one or more elbows. 
Preparations for the presenta­

tion of the seven elbow systems 
had begun on Thursday, Oct. 17, 
at the Prosthetics-Orthotics Edu­
cation Program, U C L A . On Thurs­
day and Friday, Oct. 17 and 18, 
five above-elbow amputees in­
cluding a 13-year-old girl were 
fitted with the following ex­
ternally powered elbow systems: 

a. A M B R L electric elbow 
b . V A P C electric elbow 
c. Boston electric elbow 
d. A I P R pneumatic elbow 
e. Toronto electric elbow 

T w o other systems—the Gilmatic electric elbow and the Rancho Los Amigos electric e lbow— 
were fitted to other patients by 
the respective developers. 

Due to the extremely efficient 
organization of the facilities and 
to the good offices o f M r . Bernard 
Strohm, this difficult and tedious 
task was accomplished as planned. 
Mr . Strohm and his entire staff, 
in particular Mr. Maurice LeBlanc, are to be commended for 
furnishing the support without 
which a meeting of this type 
would have been impossible. 

According to plan, each devel­

oper presented his patient and dis­
cussed his powered elbow and 
control system (Fig. 2). Each pre­
sentation included: 

a. a statement by the de­
veloper on the design concept 
of the elbow and its control sys­
tem, 

b . a detailed description of 
the sub-systems and compo­
nents of each elbow, 

c. an analysis of the func­
tional features of the entire sys­
tem including items detailed in 
Table 1, 

d. statements by Mr . Thomas 
Pirrello on the technical aspects 
involved in installing each el­
b o w system and in fitting and 
harnessing patients, and 

e. a s t a n d a r d i z e d exe rc i se 
performed by a patient using 
the powered elbow to grasp and 
release objects in a two-dimen­
sional work space envelope. 

Selection of "Standards" 
for Comparison 

In the absence of established 
standards delineating desirable 
features for externally powered 
elbows, a set of "operating stand­
ards" based on two assumptions 
was devised for the purposes of 
this meeting. 

The first assumption held that 
a powered elbow should not be 
significantly larger, heavier, cost­
lier, more difficult to install or use, 
and yet be functionally superior to 
a mechanical elbow. Based on this 
notion, certain standards were de­
vised using the physical and di­
mensional characteristics of the 
Hosmer E-400 elbow as the arche­
type (Table 1). 
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The second basic assumption 
held that it was difficult at the 
present time to establish valid 
tentative standards relating to 

speed, maximum lift, resistance to 
load, cycles per day, total life, or 
noise. Nevertheless for purposes of 
this meeting, the recommendations 
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Table 1—Some Characteristics of Seven Externally Powered Elbow Units 

Hotel 
1 Data taken from Hosmer E-400 Elbow 
2 Includes forearm 

3 Child Size 
4 Commercially available in 3 sizes 
5 Includes built-in charger 
6 All units except AIPR are powered electrically 
7 Includes all auxiliary equipment 



of the First Workshop Panel on 
Criteria for External Power (May 
15-16, 1964,—Los Angeles, Calif.) 
were used to compare the speed, 
maximum active torque, and max­
imum resistance to load of each 
system. N o realistic data were 
available upon which to base 
standards relating to number of cy­
cles per day, total life, or noise 
level. Since then, some data have 
become available on the number 
of cycles of elbow flexion/exten­
sion performed daily by above-
elbow amputees. 

The mechanical and functional 
characteristics of an elbow are not 
the only criteria for judging its 
value. In evaluating the potential 
utility of an elbow it is important 
to know whether its application 
generates peripheral problems, 
i.e., how readily a unit can be in­
tegrated into the existing technol­
ogy. W e need to know if an elbow 
can be installed in an existing 
prosthesis as a replacement for the 
mechanical elbow or whether a 
new but reasonably conventional 
type of prosthesis is required. This 
type of information helps assess 
the costs and prescription indica­
tions. If a new but exotic type of 
prosthesis were required for an el­
bow, the present acceptability of 
the systems to prosthetists might 
be limited. Problems related to 
the special training of prosthetists 
might develop. If the elbow con­
trol requirements were radically 
different from conventional meth­
ods, retraining of amputees might 
be required with perhaps some 
limitation on the acceptability of 
the item. 

Physical and Functional 
Characteristics of Ex­
ternally Powered Elbows 

All six of the electric elbows 
were designed to operate on 12 
volts in accordance with recom­
mendations set forth at an earlier 
workshop conducted by C P R D . 
Incorporation of any of the seven 
elbows in an artificial arm system 
does not interfere with control or 
operation of the terminal device. 

Each of the seven elbow sys­
tems is described below in terms 
of the data (items A through H) 
given in Table 1. 

1. AMBRL Electric Elbow 
{Fig. 3) 

a. Size. This unit is slightly 
wider and substantially longer 
than the conventional Hosmer 
E-400 elbow. Although only 1/8 in. 
wider at its axis of rotation, due to 
the placement of the motor and 
drive system axially through the 
turntable, the over-all length is 
approximately 6 3/4 in. as against 
3 5/16 in. for the conventional Hos­
mer elbow. The motor and the 
drive system take up approxi­
mately 5 1/4 in. above the axis of 
rotation thereby imposing a "limi­
tation" on its application to A E 
amputees with relatively long 
stumps. Dr. Fred Leonard and his 
group expressed the view that the 
need for powered elbows only be­
comes significant at higher levels 
of A E amputation and that there­
fore the length of the A M B R L el­
bow did not represent a realistic 
limitation. 
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b . Weight. The elbow unit, to­
gether with its motor and gear 
box, weighs 443 grams, or approx­
imately 15.5 oz . , a figure in excess 
of the weight of the standard Hosmer elbow at 10.4 oz. The switch 
and battery pack weigh an addi­
tional 350 grams or approximately 
12.3 oz. which is significantly be­
low the operating standard of 40 
oz . for all accessory hardware. 

c. Range. Although the unit is 
rated as providing a range of 0 to 
125 deg. of flexion (operating 
standard 10 deg. to 135 deg., or a 
total range of 125 deg.) , the model 
demonstrated provided a range of 
115 deg. 

d. Speed vs. Load. The A M B R L 
unit is capable of rotating through 
its entire range of flexion from a 
full extension to full flexion within 
2 sec. and in this respect it com­
plies with the operating standard 
(2 sec.) . Under a load of one lb. it 
required 2.6 sec. to rotate from full 
extension to full flexion. It was ca­
pable of lifting a maximum of 6 lb. 
at 12 in. from the center of rota­
tion, i.e., 72 in. lb. of torque, a fig­
ure somewhat below the operating 
standard of 100 in. lb . According to 
the developer, positioned at 90 
deg. the elbow will resist a static 
load of approximately 200 in. lb. 
(operating standard 600 in. lb.) . 

e. Life. Although no standards 
have been established for the min­
imum number of cycles required 
per day, or for the total life span 
of electrical elbows, this unit was 
considered by the panel to be ade­
quate in both respects. This judg­
ment is based on opinions of the 
design and its components. 

f. Noise. The unit was tested by 

the procedure outlined in Attach­
ment 3 at 64 db . 

g. Applicability. Installation of 
the A M B R L elbow does not inter­
fere with control of the terminal 
device regardless of type or power 
source. It requires no significant 
changes in the design of a prosthe­
sis and its use does not interfere 
with or cause the loss of other 
functions. It does, however, re­
quire a new socket and is not de­
signed for replacement of conven­
tional elbows without replacement 
of socket. The only auxiliary 
equipment required is a conven­
tional battery charger. Patient 
training and retraining require­
ments are minimal since the unit 
can be operated by any of several 
"pul l" switches. 

h. Special Features. This unit 
features a convenient disconnect 
to facilitate removal for repair or 
adjustment, external adjustment 
of the turntable friction, and a 
"free swing" which allows the 
forearm to be free to flex and ex­
tend, a feature considered desira­
ble especially during walking. 

i. Cosmesis. Although a highly 
subjective matter, this unit seems 
entirely acceptable as regards ap­
pearance in relation to the conven­
tional Hosmer E-400. 

j . Cost. Dr. Leonard estimated 
that these units would cost ap­
proximately $250 each in lots of 50. 

2. VAPC Electric Elbow 
(Fig. 4) 

a. Size. The V A P C elbow is es­
sentially the same size as the con­
ventional Hosmer E-400. 

b . Weight. The elbow unit 
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weighs 237.7 gms. or approxi­
mately 8 oz. , two ounces less than 
the Hosmer E-400 elbow. The bat­
tery, belt, and the operating 
switch weigh 13.2 oz. , a figure sig­
nificantly below the operating 
standard of 40 oz. 

c. Range. The unit produces a 
flexion range from 10 deg. to 135 
deg., meeting the operating stand­
ard. It is electrically blocked from 
exceeding these limits and does not 
waste power if activated in the end 
positions. 

d. Speed vs. Load. Unloaded, 
the V A P C elbow rotates through 
its entire flexion/extension range in 
1.8 sec. With the standard load of 
1 lb. in the terminal device, it tra­
versed the complete range in 1.9 
sec., well within the operating 

standard of 2.0 sec. The unit lifted 
a maximum load of 2.1 lb. placed 
12 in. from the elbow center. This 
function is well below the operat­
ing standard of 8.3 lb. at 12 in. 
from the center of rotation. The 
unit resists external loads of ap­
proximately 30 lb. before yielding. 

e. Life. The unit has been cy­
cled for 25,000 cycles with no dis­
cernible wear. Although no stand­
ard has been established, 25,000 
cycles are estimated as equivalent 
roughly to 4-6 month's use. The 
unit provides over 250 cycles per 
battery charge. 

f. Noise. The unit was tested 
and rated at 73 db. 

g. Applicability. It requires no 
changes in the present prosthesis 
and minimal retraining of patients. 



The only auxiliary equipment re­
quired is a conventional battery 
charger. 

h. Special Features. The con­
trol switch is designed to employ a 
very small range of the same con­
trol motion and shoulder flexion as 
the conventional system. 

i. Cosmesis. This unit does not 
have a cosmetic cover at present. 

j . Cost. The estimated cost of 
the unit in lots of 50 is $150. 

3. Boston Electric Elbow 
{Fig. 5) 

a. Size. The Boston elbow is 
somewhat narrower (2 5/8 in. at the 
elbow axis) than the conventional 
Hosmer (2 15/16 in.). M o r e space 
than in the Hosmer is available 
(1 7/8 in.) between the axis of rota­
tion and the point which a stump 
might reach. In theory at least, 
stumps of even greater length 
could be accommodated . Its over­
all length at 3 9/16; in. is slightly 
longer than the Hosmer at 3 5/19 in. 

b . Weight. At 924.5 grams, or 
33.7 oz. , the unit is heavier than 
the Hosmer at 15.5 oz. The bat­
tery pack and electrode section 
weigh a total of 1710 grams or ap­
proximately 60 oz. compared to 
the operating standard of 40 oz. 

c. Range. Although the rated 
range of flexion/extension was from 
0 to 135 deg., the range of the 
model demonstrated was 118 
deg. from 17 deg. to 135 deg. 

d. Speed vs. Load. The "Boston 
A r m " was capable of moving 
through the full range of flexion/ 
extension in 1 sec., well under the 
operating standard of 2 sec. More­
over, it moved through the same 
range under a standard load of 1 

1b. in exactly the same time, a 
demonstration of the torque and 
velocity feedback features inher­
ent in this unit. By means of semi­
conductor strain gauges, force along 
the lead screw axis generates feed­
back signals. Differentiation of the 
potentiometer output measuring 
elbow angle provides velocity 
feedback. The net effect is a con­
stant speed of elbow flexion re­
gardless of load within the limits of 
the load-lifting capacity. This unit 
produced a maximum lift o f 7 lb. 
at 12 in. from the center of rota­
tion or approximately 84 in. lb. Al­
though below the operating stand­
ard of 100 in. lb . , this elbow 
was capable of generating higher 
torques than any of the others 
demonstrated. This unit was also 
capable of resisting static loads up 
to 50 lbs. 12 in. from the center of 
rotation with the elbow positioned 
at 90 deg. This is well below the 
operating standard of 1440 in. lb . , 
but it is equal to the requirement 
for nonyielding elbows such as the 
Hosmer unit with the lock engaged 
(600 in. lb . ) . 

e. Life. The unit is designed to 
operate over 500 cycles per bat­
tery charge, a figure deemed more 
than adequate for a single day's 
use. N o figures were available as 
to its total life. 

f. Noise. Audio energy radiating 
from the unit was measured at 65 
db under the test conditions. 

g. Applicability. Application of 
this unit does not interfere with 
the control or operation of the ter­
minal device. As an EMG-controlled electric elbow system, the 
only auxiliary equipment required 
is a battery charger. An instru-



FIGURE 5 

merit to sample E M G outputs in 
order to determine optimum sites 
for e l e c t r o d e p l a c e m e n t was 
deemed useful, although not ab­
solutely necessary. 

Installation requires a new fore­
arm and a new socket. The unit 
does not require major changes in 
conventional prosthesis design. 
The training of patients to actuate 
the system by means of E M G sig­
nals is not significantly different 
from conventional requirements. 
The utilization of electrodes does 
not entail the loss or diminution of 
other functions. However, certain 
motions of the stump, as for exam­
ple shoulder abduction, may be 
restricted since they may cause in­
advertent operation. 

The forearm as presently de­
signed is about 13 inches long. This 
dimension is satisfactory only for 
large persons and consideration 
should be given to providing a 
range of sizes. 

h. Special Features. This unit 
provides proportional control of 
torque by means of internal veloc­
ity and force feedback loops, i.e., 

the speed of elbow flexion remains 
relatively constant and propor­
tional to the input E M G signal re­
gardless of the load being lifted— 
up to 7 lb. at the terminal device. 
In the configuration demonstrated, 
the battery pack makes sitting 
awkward by reason of its bulk and 
location. 

i. Cosmesis. Installed in a fore­
arm and covered with an appro­
priate cosmetic cover, the unit is 
reasonably acceptable in appear­
ance. 

j . Cost. A very rough estimate 
of the cost of this unit was given as 
approximately $1000 each in lots 
of 50. 

4. A/PR Pneumatic Elbow 
(Fig. 6) 

a. Size. Designed originally as 
one component of a completely 
powered system, the A I P R elbow 
is slightly wider and longer than 
the Hosmer E-400 elbow. It is 1/16 
in. wider at the axis, its over-all 
length at 3 11/16 in. is approxi­
mately 15/16 in. longer. These di-
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mensional differences are not func­
tionally significant but indicate 
noninterchangeability with conven­
tional components. 

b . Weight. At 356.4 gm., or 12.5 
oz. , this elbow is 2 oz. heavier 
than the Hosmer. The twin cannister power pack and valve weigh 
approximately 800 gm., or 28 oz. , a 
figure well within the 40 oz . speci­
fied for auxiliary equipment. 

c. Range. The demonstrated 
unit provided a range of flexion/ 
extension of 130 deg. adequately 
meeting the standard. 

d. Speed us. Load. Unloaded, 
the A I P R elbow flexes through its 
complete range in 2 sec. Under a 
standard load of 1 lb. it required 
2.3 sec. to traverse the full flexion 
range. It was capable of lifting a 
maximum of 4 lb. at 12 in. from 
the center of rotation (48 in. lbs.) 
compared with the operating 
standard of 100 in. lb. The unit 
was capable of resisting approxi­
mately 25 lb. placed 12 in. from 
the center of rotation with elbow 

positioned at 90 deg. This is ap­
proximately half the specified 
static resistance to load. 

e. Life. The unit is adequate 
with respect to number of cycles 
per day and total life. This judg­
ment was based on the previous 
experience with the unit of sev­
eral panel members. 

f. Noise. The A I P R unit pro­
duces a "hissing" sound measured 
at approximately 63 db. 

g. Applicability. Installation re­
quires a new socket and new fore­
arm but does not require any 
changes in the basic prosthesis de­
sign. Operation of the unit by pa­
tients does not entail training re­
quirements beyond those of a 
conventional elbow. However, the 
cannisters in the power pack are 
charged by means of a special fill­
ing device. This operation requires 
some training and attention to de­
tail. Utilization of this unit by pa­
tients does not affect other func­
tions. The auxiliary equipment 
required for this system includes a 
special filling device, bottled com­
pressed C O 2 , and a weighing 
device. 

h. Special Features. Precise ap­
plication of force to the compo­
nents which valve C O 2 into the 
actuators will permit a trained am­
putee to adjust the rate of gas 
flow and hence the speed of flex­
ion-extension. 

i. Cosmesis. The elbow itself is 
adequately cosmetic in appearance. 

j . Cost. The current cost of 
these units is given as $150 for the 
elbow in lots of 50, $55 for the 
valves, and $90 for a dual storage 
tank. The cost of the filling device 
is estimated at $40. The total cost, 



therefore, is approximately $335 
exclusive of the cost of the bottled 
gas. 

5. Ontario Crippled Chil­
dren's Centre Elbow 
(Fig. 7) 

a. Size. The Ontario Crippled 
Children's Centre elbow is slightly 
larger than the Hosmer child's-
size elbow. It is interchangeable 
with the Hosmer elbow and fore­
arm. N o limitations are placed on 

stump length which may be fitted 
with the unit. 

b . Weight. The unit weighs 10.5 
oz. , approximately the same as the 
adult standard Hosmer E-400. The 
Nicad power package weighs 12.2 
oz. , well below the operating 
standard of 40 oz . for auxiliary 
equipment. 

c. Range. The O C C C elbow unit 
provides 125 deg. of flexion/exten­
sion ranging from 10 deg. to 135 
deg. 

d. Speed us. Load. Without 

F IGURE 7. 
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load, the elbow rotates through 
the full range of flexion in 2.1 sec. 
When the standard operating load 
was applied, flexion required 4.3 
sec. or more than twice as long as 
the operating standard, 2.0 sec. 
The maximum lift to stall was 1.5 
lb. Though well below the oper­
ating standard for adults, as a 

child's elbow it may be adequate 
in this respect. 

e. Life. Models of this elbow 
have been used by children at 
O C C C . Although exact figures on 
the number of cycles per day or on 
total life are not available, these 
factors have not been a problem 
according to the developer. 



f. Noise. The O C C C elbow is 
relatively quiet, being rated at 62 
db . The use of a special low speed, 
high torque motor has helped re­
duce the noise level. 

g. Applicability. N o changes in 
conventional fabrication methods 
are required to install the elbow. 
The unit is interchangeable with 
the Hosmer standard child's el­
bow. A small Nicad battery 
charger is required. The unit does 
not affect terminal-device control 
and only minimal retraining is 
necessary. 

h. Special Features. An overload 
clutch is featured which yields un­
der load to prevent breakage. 

i. Cosmesis. The unit is ade­
quately covered with a cosmetic 
cover and appears similar to the 
standard Hosmer unit. 

j . Cost. The estimated cost of 
the elbow in lots of 50 is between 
$200 and $250, the most expensive 
item being the special motor. 

6. Gilmatic Electric Elbow 
(Fig. 8) 

a. Size. The Gilmatic elbow is 
the same size as the Hosmer E-400 
unit. 

b . Weight. The elbow with its 
internal charger weighs 13 oz . , 
only 1 oz. over the 12-oz. operat­
ing standard. The battery pack 
weighs 8 oz. , far below the operat­
ing standard of 40 oz. 

c. Range. The unit rotates 
through a range of 125 deg., from 
10 deg. to 135 deg. 

d. Speed vs. Load. The Gilmatic 
elbow required 3.0 sec. to position 
or lift a standard test load. This is 
significantly slower than the oper­

ating standard of 2.0 sec. The max­
imum load lifted was 2.5 lbs., well 
below the operating standard (8.3 
lbs.) but not significantly different 
from the other devices being 
tested. It can sustain a static load 
of 50 lb. at 12 in. from the center 
of rotation conforming to the re­
quirement of 600 in. lb. 

e. Life. The number of cycles 
per day provided was generally as­
sumed to be adequate on the basis 
of the components used. 

f. Noise. Tested by the standard 
procedure, the unit was rated at 
79 db . 

g. Applicability. Application of 
the Gilmatic electric elbow to a 
prosthesis does not interfere with 
the operation or control of the ter­
minal device. It requires minimal 
retraining and no changes in the 
prosthesis design. N o auxiliary 
equipment is needed; the battery 
charger is incorporated in the unit. 

h. Special Features. Although 
not fully operable at the time of 
the demonstration, the unit was 
designed for control by means of 
a switch actuated by a muscle 
bulge. 

i. Cosmesis. This unit does not 
have a cosmetic cover. 

j . Cost. The cost estimate in lots 
of 50 is $150 per unit, 

7. Rancho Los Amigos 
Elbow (Fig. 9) 

a. Size. The Rancho elbow is 
built on a standard Hosmer frame 
and is the same dimensionally ex­
cept for the motor extension into 
the forearm. It is available in three 
sizes. 

b . Weight. The elbow in the 
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adult size weighs 18.5 oz . with a 
large part of the weight distal to 
the elbow. The operating standard 
is 12 oz . The battery package 
weighs 27 oz . , a figure within the 
standard of 40 oz . 

c. Range. The range of elbow ro­
tation is 0 to 135 deg. 

d. Speed vs. Load. The Rancho 
elbow rotates through its entire 
range in 2.5 sec. (.5 sec. slower than 
the standard). It lifts the standard 
lift load in 3.5 sec. (1.5 sec. slower 
than the standard). The maximum 
resistance to load has not been 
tested. 

e. Life. The unit is commercially 
available and has apparently pro­
vided adequate daily and total-life 
service. 

f. Noise. The Rancho elbow was 
rated at 60 db . 

g. Applicability. Application of 
the Rancho elbow requires no sig­
nificant alterations of either pros­
thesis design or fabrication meth­

ods. A number of special controls 
including E M G are available from 
the manufacturer. A battery 
charger is the only auxiliary equip­
ment necessary. It does not inter­
fere wi th the t e rmina l d e v i c e 
control. 

h. Special Features. The unit is 
commercially available in three 
sizes. 

i. Cosmesis. This unit has a par­
tial cosmetic cover which leaves 
some working parts exposed. 

j . Cost. In lots of 20 or more the 
elbow costs $300, the battery pack 
$40, the charger $12.50, and the 
battery case $7.50. It is available 
from Electric-Limb Corp. , Holly­
wood, Calif. 

D I S C U S S I O N 
In the absence of adequate 

clinical feedback information it 
was difficult for the panelists to 
assess the various features of each 
of the systems. W h o , for example, 



could state with certainty at this 
t ime that 2 ft. lb. or 10 ft. lb. is 
a desirable maximum torque out­
put for an elbow? An elbow de­
livering 2 ft. lb. is principally a 
positioning device that is capable 
of lifting perhaps 90-95 per cent 
of the objects normally handled 
by a patient in daily living activ­
ities. An elbow delivering 10 ft. 
lb. is a "live lifting" device with 
perhaps far more specialized ap­
plication. Questions such as this 
and also the question of the length 
of A E stumps are best answered 
by broad clinical experience. Yet 
to obtain broad clinical experi­
ence powered elbows must be 
fitted and therefore from those 
available several should be se­
lected for early field testing. 

The Panel was charged by the 
chairman with the task of recom­
mending one or two elbows for 
early trials. The fabrication and 
delivery of the selected elbows to 
clinics would be expedited in order 
to initiate the feedback of clinical 
information as rapidly as possible. 
It was made clear to the Panel 
that the recommendation of one 
or more elbows in no way meant 
that these elbows were, in the 
opinion of the Panel, superior in 
basic design, engineering, or po­
tential utility for patients to those 
not recommended at this t ime. 
Their recommendation would sim­
ply mean that of those elbows 
demonstrated at this meeting, one 
or more were, or with minor re­
design could be, minimally ade­
quate for use by patients at this 
t ime. The developers of those 
elbows not recommended for im­
mediate application are encour­

aged to continue development, 
particularly in the light of the in­
formation which hopefully will 
be fed back shortly from the field 
study. The bases for these recom­
mendations, therefore, include min­
imally acceptable functional ade­
quacy, low cost in order to provide 
the maximum number of units 
and the greatest amount of infor­
mation, most compatibility with 
existing technology, minimum 
training of prosthetists and ampu­
tees, and simplicity of manufac­
turing in small lots. 

R E C O M M E N D A T I O N 
After extended discussion the 

Panel recommended that a spon­
sor undertake to fund and super­
vise the fabrication of an equal 
number of the Gilmatic Electric 
Elbow and the A M B R L Electric 
Elbow. 

Although the A I P R Pneumatic 
Elbow was found by the Panel to 
be in a highly advanced state of 
development it was not selected 
because it is already being ob ­
tained for a field study. Both 
Rancho and the O C C C elbows 
were presented in child sizes, a 
special application which the 
Panel agreed to defer for field ap­
plication. The V A P C elbow was 
considered excessively noisy in the 
configuration demonstrated, and 
the Boston Arm was considered 
too expensive to provide adequate 
numbers of units for the intended 
purposes. 

This recommendation is con­
tingent upon the presentation to 
the Chairman of the Subcommit­
tee on Design and Development of 
two fully operational systems of 



each of the two designs. When it 
has been determined that these 
models comply substantially with 
the data on which the original 
recommendation was based, ne­
gotiations for fabrication will be 
undertaken. 

S T A N D A R D S 
This meeting clearly brought 

out the need for extensive con­
sideration of standards and speci­
fications for powered elbows as 
well as for other powered com­
ponents. T ime did not permit ade­
quate examination of currently 
available criteria and the "operat­
ing standards" established for 
purposes of this meeting. The con­
sensus of the Panel, as judged by 
the chairman, was that the oper­
ating standards used during the 
meeting represented a reasonable 
approach to the development of 
valid criteria. The operating 
standards include items relating 
both to the physical and funcetional characteristics of the el­
bows, and to the compatibility of 
an elbow with conventional pros­
thetics technology and with the 
prosthetics skills of patients. 
Several previously established 
standards relating principally to 
the size, weight, shape, and cost 
of the conventional Hosmer E-400 
elbow were employed. Also in­
cluded were arbitrarily deter­
mined standards relating to the 
power feature of these elbows— 
speed/load, relationships, maxi­
mum torque output, and control 
methods. 

In establishing tentative stand­
ards for powered elbows the need 
must be recognized for at least 

two sets of standards. One set re­
lates to a type of powered elbow 
which is essentially a powered 
analogue of the conventional 
Hosmer elbow, offering only the 
same functions performed perhaps 
differently and better. The second 
set of standards incorporating the 
first set should include other items 
relating to the design and func­
tion of elbow mechanisms which 
furnish functions beyond those of 
the conventional elbow, i.e., ro­
tation in the transverse plane or 
perhaps more sophisticated con­
trol elements. On the basis of 
general experiences with conven­
tional elbows and the Panel dis­
cussions, the following are recom­
mended as tentative standards for 
the design and the evaluation of 
powered systems of the first order 
discussed above. 

Size 

It is unnecessary to specify dimensionally the standard for size 
because the dimensional aspects 
of the elbow are only significant 
in relation to cosmesis, length of 
stump which can be accommo­
dated, and compatibility with 
other conventional components of 
prostheses. The cosmetic accepta­
bility of an elbow is more readily 
controlled by criteria for compati­
bility with components proximal 
and distal to it. 

At the present t ime the poten­
tial value of externally powered 
elbows over conventional elbows 
is not condit ioned on the level of 
A E amputation. Therefore any 
powered elbow which is poten­
tially superior to a conventional 
elbow is applicable to any A E 



amputee. Because the type of 
elbow referred to in these stand­
ards is designed principally to 
reduce excursion requirements for 
operating the elbow, and to elimi­
nate individual locking/unlocking 
functions, compatibility with other 
components is the only principal 
physical criterion. The tentative 
standard governing size therefore 
can be stated as follows: the size 
of the elbow should not limit its 
application to any particular level 
of A E amputee, and its dimen­
sions should be such that it read­
ily accepts and is readily accepted 
by conventional A E forearm/ 
saddle assemblies and conven­
tional elbow turntables. 

Weight 
There seems to be no essential 

reason why elbows of the type 
being considered should not be 
designed not to exceed 12 oz . in­
cluding all components contained 
within the elbow unit and its cos­
metic cover. The weight of all 
other components of the powered 
elbow system should not exceed 
24 oz . including power pack and 
controls. 

Range of Rotation 
The position of maximum flexion 

should not be less than 135 deg. 
The total rotation range should 
not be less than 125 deg. nor 
should the elbow hyperextend 
beyond 0 deg. of flexion. 

Speed vs. Load 
Standards for speed of elbow 

rotation cannot be sensibly con­
sidered without also considering 

load factors. Experience to date 
and current opinion are that opti­
mum control by a patient re­
quires that speed of elbow rota­
tion fall between 1 and 2 sec. At 
speeds above 135 deg. per sec. it 
is difficult to control elbow posi­
tion. At speeds below 135 deg. 
per 2 sec., patients have to "wai t" 
for the forearm to come up. 

Current experience and opinion 
also indicate that "live-lifting" 
more than 1 to 1 1/2 lb. by A E and 
S D patients is extremely rare. 
Prosthetic elbows are used princi­
pally as positioning devices and 
for live-lifting only relatively 
light loads. It was difficult for the 
Panel to identify common objects 
weighing in excess of 1 1/2 lb . 
which amputees might normally 
"live lift." W e may therefore ex­
press a useful standard:—powered 
elbows should be capable of ro­
tating through 135 deg. with a 
load of 1.0 lb. 12 in. from the 
center of rotation within two sec. 
In the unloaded condition the 
speed of rotation should not ex­
ceed 135 deg. per sec. Min imum 
torque output (live-lift) should 
be 1.5 ft. lb. N o purpose is served 
by specifying " m a x i m u m " torque 
output. 

Resistance to External Load 
Powered elbows should main­

tain a position of flexion under 
static loads of 25 ft. lb. without 
damage. 

Noise 
On the basis of the noise levels 

measured on the seven powered 
elbow systems, subjective reac­
tions indicate that noise levels not 



exceeding 68 db are minimally 
tolerable. Noise level should be 
determined by the technique em­
ployed here and described in 
Attachment 3. 

Cycles per Charge 
The only available data bear­

ing on the number of elbow flex­
ions normally performed by an 
A E amputee are those recently 
collected on a single highly active 
patient using a conventional el­
bow. The data indicate that ap­
proximately 250 cycles is the 
average daily use over a period of 
a week ranging from a maximum 
of 338 per day to 97 per day. In 
view of the relationship between 
cycles per charge and power 
source, size and weight, an ade­
quate minimum standard would 
be 300 cycles per charge. 

Powered elbows should be 
designed to give a minimum of 
2 1/2 yr. of service during which a 
total of 250,000 cycles are com­
pleted without requiring the re­
pair or replacement of major com­
ponents. 

Cosmesis 
The elbow should present a 

clean, smooth exterior surface 
without protrusions or exposed 
moving parts. Its general shape 
and dimensions should permit it 
to be faired smoothly into the 
socket. 

Applicability 
Since these tentative standards 

relate to a powered elbow in­
tended for use in systems in which 
the other components may be 

either conventionally or externally 
powered, the compatibility of a 
powered elbow with other con­
ventional prosthetic components 
is significant. Although it is not 
possible to specify all the ele­
ments of compatibility, this stand­
ard should indicate the desirabil­
ity of matching the powered elbow 
to the other components of a con­
ventional prosthesis with respect 
to color, fittings, and the like. 

O T H E R U P P E R - E X T R E M ­
ITY C O M P O N E N T S A N D 
T E C H N I Q U E S (See At­
tachment 2) 

The discussions of each item on 
the regular agenda of the Panel 
are reported below. 

Group A 

1. Gilmatic Electric Elbow 
Lock (Fig. 10) 

This device is a solenoid-oper­
ated electric-elbow lock installed 
in a modified Hosmer E-400 el­
bow. It incorporates a power-con­
serving switch which keeps the 
solenoid inactive except while 
locking or unlocking. This model 
is slightly different than the one 
submitted at the last Panel meet­
ing in that the control is effected 
by a "pad"-type of switch con­
sisting of two contact plates held 
apart by a sheet of plastic foam. 
The switch is mounted in the 
socket and activated by bulging 
residual muscles. An evaluation 
conducted by V A P C indicated far 
less displacement, over-shoot, 
and "body english" when com-
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pared to the conventional method 
of locking the elbow. 

It was the feeling of the Panel 
that the device offers an improve­
ment over the conventional sys­
tems. It was recommended that 
twelve models, 6 for adults and 
6 for children, be fabricated for 
testing on amputees. Mr . Leavy 
expressed interest in manufac­
turing these prototype models. In 
the interim Gilmatic will make 
available one unit to Mr . Chester 
Nelson for clinical trial. 

2. V A P C Direct Forming of 
Upper-Extremity Sockets 
(Fig. 11) 

Mr. Dolan reported that N Y U 
had completed a preliminary eval­

uation in which three subjects for 
periods varying from two to four 
months wore sockets of synthetic 
balata (Polysar X414) formed 
directly over the stump. 

All three experimental pros­
theses were considerably heavier 
than the conventional prostheses; 
however, none of the subjects 
commented negatively regarding 
the weight. In two cases, cosmetic 
finishing was considered to be un­
satisfactory; irregularities in the 
foam showed through the vinyl 
cosmetic cover and the foam col­
lapsed proximal to the wrist 
fitting. N Y U had suggested the 
use of a more opaque cover and a 
somewhat denser foam mixture. 

After five weeks of use, one 
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subject experienced socket dis­
comfort and skin irritation from 
the embossed ridges caused by 
the stockinet on the inner surface 
of the socket. The other two sub­
jects reported that they pre­
ferred the synthetic rubber socket 
to their previously worn prosthe­
sis. 

As a result of these findings, 
several changes have been made 
in the technique to reduce weight, 
and to improve fit and cosmetic 
appearance. 

Several fittings using the re­
vised technique are now in prog­
ress at N Y U . 

3. Rimjet Turntable (Fig. 
12) 

This body-powered humeral ro­
tator, designed by Mr . J. Ivko, a 
bilateral amputee, consists of two 
disks, the lower of which rotates 
with the elbow and forearm. Ro­

tation is adjustable through a 
range of approximately 180 deg. 
A spring-loaded plunger locks the 
unit in any of seven positions. 
The humeral rotator is normally 
controlled by the same body 
motions which lock and unlock 
the elbow. 

V A P C undertook to fit a suit­
able patient with this device. Due 
to its weight and special harness­
ing requirements, and the small 
number of appropriate patients 
available, no fittings had been 
completed. The assistance of Mr . 
Titus of Duke University was 
requested in an effort to fit a suit­
able patient. Mr . Titus reported 
that none has been located to 
date. The Panel felt that the 
device at 12.5 oz . was rather 
heavy, and should be fabricated of 
aluminum for test purposes. Mr . 
Ivko, the developer, believes that 
the substantial weight of the de-



vice is a functional aid. Mr . Leavy 
has been in contact with Mr . 
Ivko to discuss the possibilities of 
manufacturing the device. 

Group B 

1. CAPP Mark IV Infant 
Passive Hook 

This device is constructed of 
Delrin with the thumb fabricated 
of Lexan and covered with surgi­
cal tubing. The palmar pad is 
made of neoprene crepe. A num­
ber of these hooks have been 
fabricated for clinical tests at 
child amputee clinics. This item 
will be referred to the Sub-com­
mittee on Evaluation and no 
longer carried on this agenda. 

2. Gilmatic Combined-Mo­
tion Adjustable Screw 

Activator for Shoulder-
Disarticulation Prosthe­
sis 

Mr. Motis stated that develop­
ment of this device is at the bread­
board stage. Several design 
changes are required to put it into 
working order. Mr . Motis was en­
couraged to continue develop­
ment. 

3. Gilmatic Extendo-Flex 
with either External or 
Axial Control 

Mr. Motis demonstrated two 
models at a previous meeting. 
One was designed for axial cable 
control and the other for external 
control. Models of each unit will 
be made available for limited 
clinical trials. Mr . Muilenburg 
requested one unit for trial in his 

R I M J E T TURNTABLE 
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area. Mr . Chester Nelson will 
also fit a patient with the device. 

4. A M B R L Electric Elbow 
(Discussed in Elbow 
section) 

5. A M B R L Piezo-Electric 
Hand (Fig. 13) 

A pre-production model of this 
hand was demonstrated by Mr. 
Brown of the D . W . Dorrance Co . 
It incorporates the slippage-detec­
tion system (piezo-electric crystal) 
developed at A M B R L . The hand 

mechanism and servomotor are 
self-contained within the skeleton-
type hand frame and the ex­
terior is resilient foam plastic. 
Batteries and electronic com­
ponents are packaged in a cylin­
der one and one quarter inches 
in diameter by four inches long. 
It weighs approximately 11 oz. 
The hand provides pinch forces 
of 1 to 12 lbs. as required. A M B R L 
will test and evaluate this model 
to determine its compliance with 
existing A M B R L standards and 
specifications. 



6. Toilet Care Devices 
(Fig. 14) 

Dr. Peizer reported the experi­
ence of a bilateral S D amputee 
using the American Bidet in his 
home. After 4-months' use the 
patient expressed highly positive 
reactions. The device was reliable, 
efficient, and easily operated. He 
no longer needed the assistance 
of family members for toilet care. 
The Panel felt that this device, 
despite its initial cost of $250, 
represented an adequate solution 
to this problem in the home. 

The device is available from 
W O R L D I N D U S T R I E S , INC. , 
2 Division St., Somerville, N . J . 
08876. 

The value of portable devices 
for this purpose was discussed but 
the consensus was that toilet care 
for high level bilateral amputees 
remains a problem. 

7. A IPR Wrist-Flexion and 
Rotation Unit (Fig. 15) 

Dr. Kiessling demonstrated a 
device that provides up to 25 deg. 
of voluntary flexion of the wrist 
with passive pronation and supi­
nation. The device will be availa­
ble in nine different lengths rang­
ing from child to adult sizes. 
These units are part of the AIPR 
system and will be evaluated in a 
field study. 

8. Northwestern Univer­
sity Power Assist 

Mr. Grahn reported that this 
previously demonstrated device F IGURE 14 
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has been successfully used during 
the past 26 months by three am­
putees, one a forequarter. A 
fourth unit will be fabricated for 
use with the N U wrist rotator and 
electric hand to be controlled by 
a seven-mode controller. 

9. A IPR Phase Shift Con­
trol 

Dr. Kiessling described a control 
system permitting the patient to 
shift from one to another opera­
tional mode . A phase channel 
distributor permits selection of a 
m o d e of operation in which avail­
able body-control motions would 
activate servos to flex the elbow, 
rotate the wrist, and operate the 
terminal device. Voluntarily se­
lecting a second mode will permit 

the same body-control motions to 
activate servos for other functions, 
for example, combining elbow flex­
ion, humeral rotation, and wrist 
flexion. T w o prototypes will be 
used in an upcoming field study 
program of the A I P R components. 

10. C A P P Activated Ter­
minal Device 

Mr. Sumida described this de­
vice as similar to the Mark IV in­
fant hook described above except 
for the thumb which is fabricated 
of 24ST aluminum instead of 
Lexan. Several units have been 
fabricated for evaluation at child 
amputee clinics. This item has 
been referred to the Subcommit­
tee on Evaluation. 

11. C A P P Constant-Fric­
tion Wrist Unit 

M a d e of Delrin with a stainless-
steel face plate, several units 
have been fabricated for evalua­
tion. This item has been referred 
to the Sub-committee on Evalua­
tion. 

12. Dorrance Size 1 Me­
chanical Hand (Fig. 16) 

Developed for children, the 
hand provides prehension forces 
of about two pounds with a pull 
of approximately five pounds. 
The over-all weight including the 
cosmetic glove is about six ounces. 
The hand has been successfully 
fitted in sufficient numbers to 
warrant reference to the Sub­
committee on Evaluation. This 
hand is commercially available 
from the D . W . Dorrance Com­
pany at a price of $125 each. F IGURE 16. 
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13. Gilmatic Electric Pow­
ered Elbow (Described 
in Elbow section) 

14. Gilmatic Multiple-
Contact Swi tch 

Mr. Motis described a design 
concept for a switch located in the 
A E socket which will provide up 
to six contacts for electrical con­
trol of various prosthetic compo­
nents. The contact switch is 
actuated by residual muscle bulg­
ing. The Panel encouraged Mr . 
Mot is to continue his develop­
ment efforts. 

15. N U Three-Mode Myo-
Electric Controller 

M r . Grahn d e s c r i b e d Dr . 
Childress' development of a three-
m o d e controller which may be 
operated in several ways. In its 
present form, a light muscle con­
traction turns a switch on, a 
moderate contraction turns it off, 

and a heavy contraction produces 
the second mode which is pro­
portional to the strength of con­
traction above a fixed level. The 
device is off when there is no 
contraction. This is actually a 
four-level unit with three operat­
ing modes . A prototype device 
with textured stainless steel elec­
trodes is in process of being fitted 
to an amputee subject. 

16. N U Multiple Func­
tional Controller 

This unit makes use of two con­
trol sites with three-mode con­
trollers at each site. This theoreti­
cally makes it possible to generate 
nine control modes but so far only 
seven modes have been obtained, 
making it possible to control 
three functions from two elec­
trode sites. This is a considerable 
improvement over the conven­
tional myo-electric systems which 
use two sites for only one function. 
It is hoped that this unit will lead 



to a powered arm with the func­
tions of prehension, supination-
pronation, and elbow flexion-ex­
tension controlled by two muscle 
groups (e.g., biceps and triceps). 

17. N U Powered Wrist 
Rotator (Fig. 1 7) 

Mr. Grahn described a wrist 
rotation unit which utilizes a 
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harmonic drive for power trans­
mission. Maximum output is 36 
R P M at zero torque and the stall 
torque is 215 in. oz. T w o units are 
being installed in forearms for 
evaluation on amputees. A third 
unit is being constructed utilizing 
a frameless direct-current torque 
motor with a relatively large axial 
hole through the rotor. This will 
allow it to be used with a center 
controlled hook or an electrical 
hand with integral or remotely 
(proximally) mounted motor. 

18. Endoskeletal Upper-
Extremity Prosthesis 
(Fig. 18) 

Mr. LeBlanc of U C L A showed 
a motion picture of the endoskele­
tal arm whose rigid structure and 
controls are inside a soft covering. 
The purpose of this design is to 
provide better cosmesis as a result 
of greater freedom in the shaping 
and resiliency of the covering and 
by use of internal controls. A B E 
and an A E prototype are being 
fabricated consisting of polyester 
sockets, nylon tubing, Teflon 
bearing surfaces and braided 
Dacron cabling. The prototypes 
are operated by standard B E and 
A E shoulder harnesses. 

Group C 

1. Rehabilitation Institute 
of Montreal M y o e l e c ­
tric Control (to be dis­
cussed at next meet­
ing) 

2. University of New 
Brunswick M y o e l e c ­

tric Control (to be dis­
cussed at next meet­
ing) 

3. Viennatone M y o e l e c ­
tric Control (to be dis­
cussed at next meet­
ing) 

4. I.N.A.I.L. Myo-Electr ic 
Control (Italy) (to be 
discussed at next 
meeting) 

5. V A P C Humeral Rotator 
(Fig. 19) 

Dr. Peizer reported experiences 
with a laboratory model o f a "hu­
meral rotator." Rotation is con­
trolled by means of two double-
throw shear switches which are 
built into the wall of the socket 
and remain in contact with the 
stump. The two switches control 
an "and" circuit, that is, when the 
stump is rotated axially, both 
switches must be activated in the 
direction of rotation to activate 
the elbow. This reduces the 
chance of accidental activation 
due to any motion of the stump 
other than rotation in the trans­
verse plane. Twenty-seven re­
chargeable double-plate nickel-
cadmium batteries provide operat­
ing power to a miniature electric 
motor that rotates the elbow turn­
table. The unit can also be manu­
ally rotated. The rotator is at­
tached to the socket in the 
standard manner with a knurled 
laminating ring. 

Although the unit functioned 
adequately in initial tests, con­
trol by means of the shear 
switches was inadequate. A new 
control switch similar to the one 



used for the V A P C elbow is 
being fabricated. 

6. A M B R L Sequencing and 
Positioning Switches 
(Fig. 20) 

Mr. Salisbury and Mr . Colman 

demonstrated a variety of switches 
for control of external power. 
Included were harness-controlled 
three-level switches, two-level se­
quencing switches, a three-level 
strain gauge switch with sequenc­
ing at the two active levels, a 
stump-operated, 8-position joy 
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stick, a three-level muscle bulge 
switch, and a three-level miniature 
switch utilizing a transistor bridge. 

Interest was expressed in the 
switch demonstration model as a 
training aid and for selecting the 
opt imum control switch for a 
given patient. 

7. A M B R L Myo-Son ic 
Control System (Fig. 21) 

Mr. Salisbury presented a con­
trol system which utilizes a three-
level switch for control of the dur­
ation and direction of prosthetic 
or orthotic functions. The desired 
function is selected by voice com­
mand, a concept demonstrated by 
means of an A E prosthesis. English 
names for the voice command 
(hand, elbow) and a three-level 

muscle bulge were used. One 
advantage of the system is that 
the addition of more functions 
would not require the use of more 
control sources on the amputee 
but only the addition of more 
electronic components and more 
command words. It is anticipated 
that this control approach would 
offer the bilateral amputee or 
quadriplegic patient greater func­
tional regain than is available 
with the present control system. 

8. U C L A Biotechnology 
Laboratory 

Dr. Lyman and his three asso­
ciates, Dr. Horst Arp, Mr . Amos 
Freedy, and Mr . Jack Aldrich, 
reported on their work in the field 
of fluidic control systems, arm 
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motion simulators, and control 
signal conditioning. Dr. Arp dis­
cussed the feasibility of several 
actuation systems and related con­
trol circuitry problems. 

Supplementary to the current 
investigation of suitable electronic 
circuits, a pneumatic control sys­
tem utilizing fluidic devices was 
designed. The control concept was 
originally based on the principle 
of a position-feedback servo-mech­
anism. However, due to the un­
availability of appropriate light­
weight pneumatic feedback trans­
ducers, and in order to prevent 
oscillatory actuation, the principle 
was changed to open-loop opera­
tion. This is an approach which 
necessitates signal differentiation 
to achieve proportional operation 
of a displacement-type actuator. 
Furthermore, because of the un­

availability of proportional acting 
interface devices which would 
raise the control signals' pressure 
level as required for actuation, 
switched valves had to be em­
ployed. Therefore, to maintain di­
rect controllability through force-
proportional signals, a fluidic 
signal detection and amplitude-
conversion circuit was designed. A 
simple actuator system attached to 
the shoulder joint of an A I P R arm, 
and a newly developed pneu­
matic force-to-pressure transducer 
complete the test system, thus 
providing a concept for controlling 
movements of one degree of free­
d o m . 

This basic movement control 
unit in turn is intended to be­
come a portion of a movement 
pattern generating system whose 
logic description also has been 



developed. The movement co­
ordination system is to be oper­
ated through two transducers and 
provides for an automatic control 
signal subsequence for the task of 
arm lifting; it allows for inde­
pendent corrections of direction or 
distance, respectively, and it in­
hibits opposing signals auto­
matically. Further development 
of this concept in order to control 
and coordinate movements of 
more than two degrees of freedom 
is intended after experimental 
studies on the performance of the 
system so far devised have been 
made. Simultaneously, an investi­
gation of the feasibility for utiliz­
ing stepping (motor) devices to 
improve the positioning accuracy 
and the "ho ld" function of the 
actuators has been undertaken. 

An attempt is being made to 
ease the decision load of a patient 
as he handles prosthetic devices 
or a human operator handling 
manipulative devices. The ap­
proach is called semi-autonomous 
remote manipulation and it refers 
to a feasibility study into a con­
trol concept of systematically re­
ducing the number of control de­
cisions required of the operator 
(or patient wearing a powered 
prosthesis) through an adaptive 
aiding system. The aiding system's 
function will be to respond to both 
the operator's skills as he handles 
the manipulative device over a 
learning period and to information 
about the environment such as 
blocking obstacles, etc. It is ex­
pected that through the estab­
lishment of favored paths of move­
ment and the sharing of the deci­
sion load between the man and 

the device the control assist can 
be optimized. 

T o support the establishment of 
mathematical models to simulate 
arm motions, a series of data-
acquisition experiments has been 
conducted to study arm motions of 
four degrees of freedom. The ex­
periments were carried out with 
the cooperation of the Rancho Los 
Amigos Hospital, utilizing their 
special orthosis that permits 
movements through six degrees 
of freedom. Evaluation of the ex­
periments is in progress and the 
first results indicate that specific 
attention has to be paid to the 
time relations between arm mo­
tions according to different de­
grees of freedom. It is expected 
that a careful evaluation of the 
test data will provide an idea 
about the interaction of ballistic 
and proportionally controlled 
motion phases as observed for 
target approach tasks. This in 
turn will determine the feasibility 
of corresponding control systems 
to operate powered prosthetic or 
manipulative devices. 

An experimental study is in 
progress to compare various signal 
sources as to their suitability for 
generating appropriate control in­
formation. T w o transducers and 
three types of control signals are 
being studied: 1) An E M G mean-
frequency system, 2) an average 
E M G power-level detector, and 
3) an electromechanical strain 
gauge transducer which is acti­
vated by muscle displacement 
and force. The experimental ap­
paratus has been designed and is 
being constructed. Preliminary 



experimental runs will begin 
shortly. 

9. Moss "Mul t ip le-Axis My­
oelectric Cont ro l " 

Mr. Roy Wirta presented a 
motion picture and discussed the 
development of myoelectric con­
trol system for multiple-axis pros­
theses. The objective is to develop 
a suitable control for positioning 
and orienting the terminal device 
in a reliable, natural manner 
requiring the least amount of con­
scious effort. Pattern recognition 
techniques are used to discrimi­
nate activities of muscles in the 
back, chest and shoulder for pro­
viding simultaneous control of 
elbow flexion and extension, and 
of humeral and forearm rotation. 

The engineering model shown 
was highly versatile and will serve 
as a test bed to determine opera­
tional characteristics under vary­
ing conditions of use by an A E 
amputee. 

Plans for future activities on 
this project include the systematic 
resolution of the present problems 
and the application to the 
severely handicapped upper-
extremity amputee. 

S U M M A R Y 
Twenty-six of thirty items on 

the agenda were discussed, three 
in Group A, eighteen in Group B 
and five in Group C. Four items 
in Group B-1, 10, 11, and 12 were 
referred to the Subcommit tee on 
Evaluation. Items 4 and 13, ex­
ternally powered elbows regularly 
carried on the agenda, were dis­
cussed on the first day of the 
meeting. Items 1, 2, 3, and 4 in 

Group C were not covered because 
they will be discussed at the pro­
posed meeting on powered termi­
nal devices. 

Several participants undertook 
specific tasks in support of other 
developers: 

A. Mr . Mot is will make avail­
able for study one Gilmatic Elec­
tric Elbow Lock to Mr . Chester 
Nelson (Group A, item 1). 

B. Messrs. Muilenburg and 
Nelson will fit the Gilmatic Extendo-Flex unit to patients in 
limited clinical trials (Group B, 
item 3). 

The meeting was adjourned at 
3 :00 p .m. on Wednesday, October 
23, 1968. 
Feb. 21, 1969 
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Measurement of Noise Lev­
els of Prosthetic Devices 

It is suggested that since various 
motor-driven prosthetic devices do 
create certain noise levels a uni­
form method for describing this 
noise level should be outlined. It 
is apparent that descriptions such 
as "sounds quieter than . . . , " 
"isn't as noisy a s . . . , " etc., are 
entirely subjective, unspecific, 
and impossible to quantify. 

Therefore, it is suggested that 
a standard procedure for meas­
uring noise levels be established. 
T w o suggested procedures are 
outlined below: 

1. Quick look procedure: Using 
a sound level meter (calibrated 
with A, B, and C scales) the pros­
thetic device will be placed 1 
meter from the face of the micro­
phone. Using a slow scale (slow 
meter deflection, rms type averag­
ing) output measurements will be 
obtained on the " A , " " B , " and 
" C " scales. These measurements 
are in db SPL. 

2. Detailed procedure: Using a 

level recorder, sound level meter 

(or spectrometer) with condenser 

microphone, measurements over 

time (a time of 1 minute should be 

sufficient) will be obtained for each 

device for the " A , " " B , " and 
" C " scales and at one other oc­
tave band (such as 2000 hertz at 
which man's hearing is quite sensi­
tive). The purpose of making 
measurements over time is that it 
is apparent that various devices 
vary in intensity depending on 
whether the task is to raise, lower, 
or keep stable the prosthetic de­
vice. By using a time-intensity 
scale differences over t ime will be 
obtained. Again, measurements 
should b e obtained in rms, but in 
this instance either the fast or 
slow scales may be used. Probably, 
it would also be wise to use over­
all intensity, but one of the above 
" A , " " B , " or " C " scales will be 
close (because of its built-in 
weighing network) to a "noisiness" 
classification. If possible, a sepa­
rate reading should be obtained 
using a frequency analyzer and 
level recorder to record differences 
in frequency bands over time to 
demonstrate at which frequency 
the maximum intensity appears. 
(If, for example, one instrument 
has its greatest output at 10,000 
hertz where man's hearing is not 
so sensitive, it would probably 
appear to be less noisy than one 
at which the maximum intensity 
reading was obtained at 1,000 
hertz.) 


