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The application of external 
power in orthotics has been ex
plored for a number of years and 
has, in certain instances, progressed 
to routine clinical applications. 
This paper represents an attempt 
to delineate the practicability of 
external power versus conventional 
power and control sources. Both 
modes of power have been em
ployed on a research and clinical 
level at the Institute of Rehabili
tation Medicine, New York Uni
versity Medical Center. The re
sults of this experience are pre
sented in this paper. 

In choosing one power source 
over the other, one must bear in 
mind that external power in it
self does not necessarily bring 
about improved function. It is 
generally agreed by most investi
gators that, if at all feasible, and 
if there is no appreciable differ
ence in the functional end-result, 
body power should be chosen in 
favor of external power. The rea
sons for this choice are obvious. 
At the present state of the art, 
body powered devices are less 
complex and require, therefore, 
less maintenance and are likely to 
be of lighter weight. More im
portant, the basic design of a 
prehension orthosis, for example, 
is identical in the type of pinch 
provided, whether external or 
body power is used. This means 
that there is no inherent improve
ment in the terminal function of 
externally powered devices. Ex-
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ternal power is, however, indi
cated when body power is insuffi
cient to activate the orthosis. Con
trol of an externally powered device 
requires little force and range of 
motion at the control site, but does 
not provide feedback in an anes
thetic limb. Control of body pow
ered orthoses, on the other hand, 
provides some means of feedback 
because of a certain proportional
ity of excursion and force between 
the control site and the actuating 
device. So far, most of the re
search in externally powered de
vices and their routine clinical 
application has concentrated on 
the upper extremity. There are, 
however, a number of interest
ing lower-extremity developments 
which offer some functional im
provements over conventional 
braces. 

LOWER EXTREMITY 

External power applications in 
lower-extremity orthotics have 
been confined to a relatively small 
number of designs. A likely reason 
for this lack of sophistication is 
that a paralytic lower extremity 
can be stabilized by very simple 
means, i.e., limiting or eliminating 
ankle, knee, or hip motion with a 
conventional brace. Although this 
enables the patient to ambulate, 
most conventional braces produce 
an abnormal gait pattern and an 
increase in energy consumption by 
blocking joint motions. This may 
not be of great consequence in uni
lateral involvements but imposes 
severe limitations in locomotion 
when the patient is paraplegic. 

This problem has been attacked 

by Dr. Liberson by motorizing the 
hip joints of bilateral long leg 
braces and pelvic belts. The elec
tric torque motors are designed to 
alternately drive the braces in op
posite directions, thus producing 
hip flexion on one side while pro
ducing hip extension (push-off) 
on the opposite side. Control of 
hip motion is obtained through 
switches placed in the patient's 
shoes. This development is still 
in the experimental phase, but 
holds great promise in future de
velopments in providing the para
plegic with greater mobility. 

Another approach eliminating 
the brace entirely has been pro
posed by Liberson, et al., as well 
as Moe and Post. It is a muscle 
stimulator used in drop foot condi
tions, due to upper motor neuron 
disorders. An electrode placed over 
the peroneal nerve area provides a 
stimulus to pull the foot into dorsiflexion and eversion. A switch 
placed in the heel portion of the 
shoe is used to interrupt the mus
cle activating pulse in the stance 
phase of gait. The power pack 
of the muscle stimulator is carried 
around the waist. 

An alternate solution to provid
ing more nearly normal locomotion 
with a brace is the incorporation of 
a hydraulic stance and swing phase 
system between the ankle and knee 
joints, rather than the application 
of external power (Figure 1). De
veloped at the Institute of Reha
bilitation Medicine, this system is 
in the experimental fitting phase 
at the present time. It is designed 
to provide stability at the knee 
during the critical period from heel 
strike to mid-stance and at the 



F I G U R E 1—Above knee brace wi th Hydra-Nu-Mat ic cylinder for coordinated knee-ankle 
control. 

F I G U R E 2 — T h e Hydra-Nu-Mat ic cylinder offers controlled fluid resistance to plantar flexion. 
F I G U R E 3—Contro l led knee flexion offers a more nearly normal pattern of gait. 

same time offers controlled fluid 
resistance to plantar flexion (Fig
ure 2). Plantar flexion causes the 
hydraulic fluid in the cylinder to be 
displaced upward, resulting in an 
extension moment about the knee 
joint. This reciprocating action also 
comes into play in the swing phase, 
where knee flexion produces dorsiflexion of the foot. A 90 degree dorsiflexion stop is used for standing 
stability and to substitute for 
push-off. In allowing controlled 
knee flexion, a more nearly normal 
pattern of gait as well as a reduc
tion in energy consumption is 
achieved (Figure 3). This design 
is still in the early stages of de
velopment and more clinical ap
plications are needed to determine 
the practicability of such a design 
in terms of mechanical wear and 
maintenance. 

UPPER EXTREMITY 
The task of providing useful 

hand and arm functions is much 
more complex than that of provid
ing ambulation by orthotic means. 
Hand and arm functions are gen
erally much more important in the 
activities of daily living and vo
cational pursuits than lower ex
tremity function. One may, in fact, 
consider the hand an extension of 
the brain, as we employ our hands 
not only for physical activities but 
also to lend greater expression to 
the spoken word and to enhance 
the effectiveness of speech. 

The application of external 
power usually depends on the pa
tient's residual motor power, i.e., 
if it is insufficient to activate a 
body-powered orthosis, external 
power is indicated. There are, 
however, conceivable exceptions to 
this rule. The use of external power 



should be explored in certain ap
plications even when sufficient 
body power is present. For exam
ple, a wrist-driven prehension or
thosis is commonly used to pro
vide pinch when the patient has 
residual wrist extensor strength. 
Although adequate body power is 
available, activation of the device 
involves motions not only at the 
wrist but also compensatory mo
tions at the elbow and shoulder 
joints in order to maintain the 
hand over the object to be grasped. 
It would seem that with further 
development of external power a 
more efficient mode of finger pre
hension could be obtained. On 
the basis of clinical experience at 
the Institute of Rehabilitation 
Medicine, patients fitted with gas 
or electrically-driven prehension 
orthoses tend to use their devices 
more regularly than patients 
fitted with wrist-driven prehen
sion orthoses. This tendency may 
not only be ascribed to the fact 

that externally powered orthoses 
are fitted to patients who sus
tained a cervical cord lesion above 
the C 6-7 level and are, therefore, 
more dependent on orthotic de
vices. Rather, it is very likely that 
functional performance is im
proved because compensatory mo
tions, needed with wrist-driven 
prehension orthoses, are not neces
sary for prehensile activities. 

Over the past three years elec
trically-driven prehension orthoses 
have been used for patients who 
lack wrist extensor strength (Fig
ure 4). The power pack consists of 
a nickel cadmium battery, a per
manent magnet 12 volt motor, and 
a charger, permitting the patient 
to recharge the battery from a 
regular household outlet. An ad
justable slip clutch (Figure 5) is 
used to selectively adjust the pinch 
force as well as to provide a safety 
mechanism in case of switch fail
ure. The orthosis is activated by an 
unidirectional microswitch usually 

F I G U R E 4—Electr ical ly-driven prehension orthosis. 



placed superior and posterior to the 
contralateral shoulder (Figure 6). 
This control site has been found to 
be most effective in leaving the 
fitted extremity free to move with-

out inadvertently operating the or
thosis. It provides a more nearly 
synergistic control motion since 
one normally uses a certain amount 
of "body English" when reaching 
for objects. Thus, a sound kine
matic mode of control is achieved 
which requires little or no patient 
training. 

The application of external 
power would seem useful even in 
patients who have good wrist ex
tensors and who would conven
tionally be fitted with a wrist-
driven prehension orthosis. Thus, 
there would be no need for com
pensatory motions of the other arm 
joints for terminal device opera
tion. The orthosis would not have 
to extend above the wrist, leaving 
the upper extremity with the op
timum degree of freedom. Although 
such fittings are possible, they are 
not practicable at the time with 
the conventional mode of orthotic 
control. Further development of 

F I G U R E 5—Exploded view of adjustable 
slip clutch for electrically-driven prehen
sion orthosis. 

F I G U R E 6—Unidirect ional microswitch is placed superior and posterior to contralateral 
shoulder. 



F I G U R E 7—Three state myoelectric trainer 
unit. 

F I G U R E 8—Shoulder-dr iven, cable con
trolled prehension orthosis. 

myoelectric control systems may, 
however, lead to development of 
a prehension orthosis for the C 6-7 
quadriplegic patient which would 
permit freedom of the wrist. This 
is possible by picking up myoelec
tric control signals from suitable 
forearm musculature. The three 
state myoelectric trainer developed 
at the University of New Bruns
wick is utilized to test the feasi
bility of such a system (Figure 7). 

The results of external power ap
plications in ambulatory patients 
has not proved to be as satisfactory 
as it has for wheelchair-bound pa
tients. The additional weight of the 
power source and actuator which 
the patient has to carry are diffi
cult problems to overcome. Fur
thermore, ambulatory patients 
possess greater mobility which 
may increase the frequency of in
advertent operation. It has been 
our experience that for ambulatory 

patients body powered and/or man
ually controlled orthoses are pre
ferred because of their simplicity 
and lighter weight. Patients who 
have no hand function can be suc
cessfully fitted with a shoulder-
driven prehension orthosis (Fig
ure 8), providing voluntary open
ing and spring closing (Figure 9). 
The spring closing feature neces
sitates the incorporation of a pres
sure relief mechanism to avoid 
skin breakdown of the thumb, in
dex and middle finger pads during 
periods when the orthosis is not 
actively used. This is of utmost 
importance in patients with a 
brachial plexus or similar lesion, 
resulting in both motor and sen
sory losses. The pressure relief 
control consists of a spring-loaded 
push-button below the MP joint 



F I G U R E 9—Voluntary opening-spring closing to three j awed chuck 
prehension. 

F I G U R E 10—A. Finger flexion 
joint w i t h pressure relief control 
assembled. B. Transverse v iew; 
the spring-loaded pressure re
lief button (1) engages in recess 
(2) when pressure relief is desired. 
C. Exploded view of pressure 
relief mechanism. 

which is pushed into a semicir
cular recess. This prevents full 
finger closing. Increased cable 
tension causes the pushbutton to 
automatically retract, unlocking 
the pressure relief (Figure 10). 

Manual control of arm braces 
for ambulatory patients, i.e., posi
tioning and locking of the elbow 
at the desired angle of flexion, has 
proved more satisfactory than both 
external power or cable-controlled 
body power. Obviously, the force 
requirements for body-powered arm 

orthoses are infinitely greater than 
for an equivalent prosthesis be
cause, in addition to the weight 
of the orthotic device, the weight 
of the patient's arm must be con
sidered. While for unilateral arm 
braces manual control is most 
practical, in patients with bilateral 
arm involvement, external power 
is the only alternative to provid
ing useful arm and hand functions. 
Here, CO2 as a power source seems 
to have advantages over electric 
power because of the greater sim
plicity of the system. A CO 2 piston 
and cylinder elbow actuator ob
viates the mechanical elbow lock 
needed with the McKibben mus
cle substitute (Figures 11A and 
11B). In the piston, the carbon di
oxide is confined in a rigid-walled 
container, which affords sufficient 
resistance against elbow extension 
when forearm loads are applied. 
Activation of the control valve re
quires little force which can usu
ally be obtained by harnessing re
sidual arm motions (Figure 12). 
The wheelchair-bound patient re
quiring an arm orthosis poses again 
another problem. In this applica-



tion electric power sources have 
been found more useful than car
bon dioxide. Electric power actua
tors provide a more definite con
trol when compared to CO 2 actua
tors, especially the McKibben 
muscle substitute. In the latter, 
the problem of rebound is difficult 
to overcome when loads of various 
magnitude are placed in the ter
minal device. The electric arm 
orthosis developed at the Institute 
of Rehabilitation Medicine is de
signed to provide the high level 
quadriplegic patient (C 4-5) with 
voluntary arm and hand functions 
(Figure 13). It allows the patient a 
total of five degrees of freedom, 
four of which are motorized. The 
power actuators are 12 volt per
manent magnet motors located at 
the back of the wheelchair. A 
twelve volt battery serves as the 

power source for both the arm or
thosis and the wheelchair. Power 
transmission from the electric 
motors to the moving orthotic 
arm segments is provided through 
Bowden cables (Figure 14). The 
motor used for powered prehension 
is equipped with an adjustable 
slip clutch designed to vary the 
force of prehension and to act as a 
safety device. The other motors 
are provided with limit switches. 
Motions motorized are: 

1. Finger opening and closing 
to a jaw chuck type of pinch 
(Figure 15). 

2. Pronation and supination ob
tained through a spiral shaft 
running in a nylon sleeve 
(Figure 16). A linear pull on 
the sleeve causes forearm 
rotation (Figure 17). 

3. Elbow flexion and extension 

F I G U R E 1 1 (A & B ) — A r m brace w i th C O 2 piston actuator to provide elbow flexion. 



F I G U R E 12—Residua l wrist and finger flexion 
is harnessed to activate C O 2 control valve. 

F I G U R E 1 3 — I R M electric arm orthosis. 

F I G U R E 1 4 — P o w e r transmission from the electric motors 
to the orthotic arm segments is provided through bowden 
cables. 

F I G U R E 15—Finger closing to a three j awed chuck type 
of pinch. 

F I G U R E 1 6 — T o p : Pronation-supination assembly for 
electric a rm orthosis. B o t t o m : Exploded view. 



F I G U R E 1 7 — F o r e a r m rotation is caused by a 
linear pull on the sliding sleeve of pronation-
supination unit. 

F I G U R E 1 8 — M o t o r i z e d e lbow flexion unit. 

F I G U R E 19—Para l le l l inkage lateral to humerus provides 
combined flexion-abduction and extension-adduction. 

F I G U R E 2 0 — D o u b l e pole, double throw sequential mi 
croswitches for orthotic arm control (joy stick removed). 

F I G U R E 2 1 — B a l a n c e d forearm orthosis on contralateral 
side permits ease of joy stick control. 



through a spring-loaded pul
ley located medial to the el
bow (Figure 18). 

4. Combined humeral flexion-
abduction and humeral ex
tension-adduction through a 
parallel linkage, lateral to 
the humerus (Figure 19). 

Horizontal adduction and ab
duction are not motorized since 
the type of patient requiring an 
electric arm orthosis is likely to 
have sufficient residual shoulder 
girdle control to produce such de
sired motion, once the effects of 
gravity are eliminated in a prop
erly balanced linkage system. The 
electric motors are activated 
through specially designed dou
ble-pole, double-throw sequential 
microswitches (Figure 20). The pa
tient's contralateral arm is 
supported in a balanced forearm 
orthosis to permit ease of switch 
control (Figure 21). This is possi
ble by a shift of the center of 
gravity, induced by head motion, 
in combination with residual 
shoulder and arm motions. 

SUMMARY 

An attempt was made to delin
eate the practicability of external 
power in orthotic applications. In 
lower extremity orthotics the ap

plication of external power is, at 
the present time, restricted to 
relatively few, mostly experi
mental devices. Developments in 
this area which hold promise are 
motorized hip joints for paraple
gic patients, electrical stimula
tion to evoke muscle contraction 
in upper motor neuron disorders, 
and as an alternate to external 
power, hydraulic controls to co
ordinate knee and ankle motions 
in the above knee brace. In upper 
extremity orthotics the applica
tion of external power depends, 
to a great extent, on whether the 
patient is ambulatory or wheel
chair-bound and whether he is 
unilaterally or bilaterally in
volved. In the ambulatory, unilat
erally involved patient, shoulder-
driven, body powered and/or 
manually controlled orthoses have 
found greater patient acceptance 
and are of greater practicability 
in terms of weight, wear, and 
maintenance than externally pow
ered devices. If, however, the pa
tient is wheelchair-bound or an 
ambulatory patient with bilateral 
arm involvement, the indications 
for external power are definitely 
within the realm of practicability. 
It provides, in most cases, the 
only means of obtaining useful 
hand and arm functions. 
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