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INTRODUCTION 

Cumulat ively over recent years an increas ing number o f patients are 
surv iv ing with extensive paralysis w h i c h inc ludes loss o f hand and a r m 
movements in both upper extremities. Th is situation occurs in persons with 
h igh cervical c o r d lesions ( C - 5 , C-6) w h o have survived traumatic injury 
with quadr ip legia . as well as in pe r sons with severe po l iomyel i t i s residuals, 
those with central nervous system degenera t ion , d isorders of the spinal mo to r 
system, and persons with myopa th ies . A m o n g these, a large number are 
wheel chair hound fo r life, and they present diverse patterns of bilateral 
muscular weaknesses and paralysis o f the upper extremities. These patients 
are a unique chal lenge to the c o m b i n e d efforts o f physic ians , orthotists, and 
other specialties to restore useful funct ions through appl icat ion o f suitable 
assistive mechanical devices . The fact that this chal lenge exists and that 
efforts to meet it are delini|uent was r ecogn ized and descr ibed in the repor t 
of the 1962 Conference on Orthotics Research and Development issued by 
the Nat ional A c a d e m y o f Sc i ences . 1 Upper extremity or thot ics requires 
intensive development through mult iple research and varied s tudy approaches , 
if we are to meet eventually the great variety o f needs encountered a m o n g 
these types of patients. 

Th is report presents informat ion on the most recent deve lopments per­
taining to a s imple yet extensively useful upper extremity or thot ic system, 
which resulted from a three-year research project carried out in the Depar t ­
ment o f Orthot ics at the Texas Institute for Rehabil i tat ion and Research 
and the Bay lo r University Col lege o f Med ic ine . A principal ob jec t ive in 
deve lop ing this system is to restore hand and arm act ions to wheel chair 
b o u n d quadr ip leg ic patients, and others o f c o m p a r a b l e handicap , hav ing 
essentially flaccid paralysis in va r ious patterns and degrees . Advan tage is 
taken o f the wheel chair as a frame o f support for the external mechanisms , 
thereby min imiz ing the number o f devices attached direct ly to the patient. 
A simplified pneumatic system subject to cont ro l b y the patient was de­
ve loped . This approach not only has definite cosmet ic appeal, but also gives 
the patient a feeling o f dignity and existence through his direct participation 
both in the con t ro l o f the source o f p o w e r and in be ing a consc ious ly act ive 
part of the or thot ic system. 

BASIC OBJECTIVES 
T h e developments to b e descr ibed cannot b e v i ewed as consis t ing 

solely in the mechan i sm. Equal ly important is the poin t o f v i ew taken b y 
the orthotist in de termining the d i rec t ion o f the developments and in evalu­
ating the mot iona l componen t s that accompl i sh the desired and useful total 
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act ions that are serviceable to the patient. These latter factors will be dis­
cussed first, because they are an integral part o f the research achievement 
and g a v e di rect ion to the course taken in evolv ing new mechanisms. 

At the outset, one must he aware of the great diversity in varieties 
and degrees o f bilateral involvment o f the upper extremity muscle systems 
presented by patients with cervical c o r d les ions, for example . Consequent ly , 
requirements for restoration o f useful ac t ions differ markedly between indi­
vidual patients. Each patient to be cons idered for this or thot ic system 
must he carefully examined and analyzed k ines io logica l ly to determine 
patterns o f funct ion that remain, the relative degrees o f strength and use­
fulness of the principal muscles serving the desired integrated act ions, and 
where the severe losses are located. T h e patient must be able to tolerate the 
sitting posi t ion at 8 0 ° to 9 0 ° . T h e presence o f j o in t tightness and muscle 
spasm exc lude a patient f rom be ing an acceptable candidate for this or thot ic 
system until these cond i t ions are relieved o r minimized medical ly . 

Several factors were formulated expl ic i t ly as basic cri teria in the ul­
timate ob jec t ives fo r a practical achievement , and certainly these considera­
t ions are o f foremost impor tance in all or thot ic efforts. In respect to the 
mechanical design, both const ruct ion and operat ion should be held to the 
utmost s implic i ty that is consistent with achiev ing functional ob jec t ives . 
Durabi l i ty of parts, accuracy o f opera t ion , and e c o n o m i e s in costs are o f 
equivalent impor tance . Our practical exper ience has shown repeatedly the 
futility of impos ing upon a patient compl i ca t ed mechanisms that make him 
a passive robo t and d o not serve propor t iona te ly useful purposes . Such 
mechanisms will not be used cont inuous ly or effectively if the patient can 
find privately any other way out , even when this c h o i c e may involve reduced 
function. 

PRACTICAL REQUIREMENTS 
Since our ultimate aim is to serve a fairly large patient popula t ion , 

many of w h o m cannot visit a rehabili tation center where expert services 
are available, c o m p o n e n t s should be des igned for mass p roduc t ion and 
modu la r fitting to the fullest extent. T o attain patient acceptance and pr ide , 
cosmesis and c o m f o r t are important cons idera t ions a lways. T o make the 
patient happy as well as alert, every des ign should permit m a x i m u m par ­
ticipation b y the patient in cont ro l l ing and p r o d u c i n g the useful ac t ions . 
Finally, a carefully planned p r o g r a m to orient the patient to the versatility o f 
the or thot ic system and to p rov ide practical training as indicated in p r o d u c ­
ing useful activities and hav ing successful and gratifying exper iences with 
the system are necessary to insure progress , satisfaction and con t inuous 
usage. A l l o f these considera t ions served to gu ide the direct ion of the 
mechanical devlopments in the present or thot ic system, and indeed wil l 
cont inue to b e pr imary factors for inclusion in any future developments o f 
this nature. 

Because of these bas ic criteria for development objec t ives , critical 
analysis and early reject ion were g iven to the general ideas under ly ing the 
concep t o f at tempting to imitate the actual detailed motional components 
p r o d u c e d dur ing usual activities o f n o r m a l muscle systems. T h i s approach 
leads to unduly compl ica ted hardware and control mechanisms, and provides 
for many actual mot ions that can be el iminated without reducing useful serv­
ices to the patient. T h e traditional law o f d iminish ing returns applies here, 
s ince the gain in useful act ions is not p ropor t iona l to the increase in indi­
vidual mot ion c o m p o n e n t s and the parallel increase in complex i ty o f the 
mechanisms . Consequent ly , the initial concep t adop ted for this research 
development was to determine an o p t i m u m number and kind o f useful 
actions, and then s tudy the simplest means o f enabl ing the patient to a c -



Figure 1—Powered hand orthosis providing 
finger prehension. 

Figure 3—Powered system providing syn­
chronized action of elbow flexion and shoul­

der abduction. 

Figure 2—Powered system combining finger 
prehension—Elbow flexion and shoulder ab­

duction. 

compl i sh these act ions. Three ex­
ceedingly useful and fundamental ac­
tions are descr ibed here, al though for 
the future addit ional ones may be 
cons idered , when the real need fo r 
them b e c o m e s apparent. 

T h e three pr inc ipal act ions c o n ­
sidered to be most useful and which 
compr i s e the hand and arm act ions 
that m a y b e restored b y the p rope r 
appl icat ion o f the present or thot ic 
system are the f o l l o w i n g : 

1) Finger Prehension: as used in grasping objec ts of modera te size 
and weight , and of different shapes, such as penci l , pen, paper , 
eating utensils, glass, c u p and similar ob jec ts . (See F igure 1 ) 

2 ) Horizontal Actions of Hand and Forearm: as used in wri t ing, page 
turning, and similar act ions not requir ing m a j o r forceful act ions at 
the shoulder j o in t that can be imparted b y slight head and trunk 
pos i t ion shifts. 

3 ) Synchronized Actions of Forearm and Upper Arm: y ie ld ing smooth ly 
phased and finely control led c o m b i n e d mot iona l componen t s to p r o ­
duce natural and useful act ions. T h e c o m p o n e n t mo t ions p r o d u c e d 
include e lbow f lex ion; partial supinat ion and prona t ion of the fore­
a rm; shoulder flexion, vertical abduct ion , hor izontal abduct ion , in­
ternal and external rotat ion. The useful act ions inc lude feeding, 
head and neck hygiene , apply ing makeup , brushing teeth, shaving, 
smoking , and similar act ions. (See Figure 3 ) 

In addition to these act ions and unique to this system, mo t ions m a y b e 
arrested at any phase of their course p r o v i d i n g thereby a fixed pos i t ion ing 
for a useful purpose such as h o l d i n g an o b j e c t in a desirable loca t ion wi th­
out expend ing energy . 



DEVELOPMENT OF MECHANISM 

A rather un ique approach was used in the final stages o f arr iving at 
the essential pr inciples under lying the mechanical c o m p o n e n t s if this orthotic 
system. Dur ing this research project , there were for ty-one different designs 
or combina t ions of c o m p o n e n t s tried out in a sequential effort to evolve an 
approach that is really practical and useful to the patients. Dur ing each 
stage s o m e progress was in evidence , but the ma jo r advance occur red at 
about exper iment N o . 38 , when an entirely new idea evo lved . From this, 
the present system was deve loped rapidly. Nevertheless, all of the p reced ing 
exper ience was con t r ibu to ry . 

The procedure which helped most in arr iving at the concep t e m p l o y e d 
in this or thot ic system was as f o l l o w s : A normal subject was placed in a 
wheel chai r and mechanica l c o m p o n e n t s were made and applied to o n e o f 
his upper extremities. These devices were attached to the wheel chair for 
support . The subject was required to p e r f o r m numerous natural act ions o f 
the upper extremity without being opposed by the mechanica l system. 
Changes were made from time to l ime until the mechanica l system cor ­
responded with the antomical structures and the multiple jo in t systems, so 
that gradually the normal mot ions and the mechanical svstem were smoothly 
synchron ized . 

F o l l o w i n g this, a patient with a flaccid upper extremity and approxi ­
mately the same size as the normal subject was placed in the same equipment 
and chair . Our next step was to apply power to the system so the desired 
act ions o f the extremity Would result in a manner equivalent to those o f the 
normal subject . The M c K i b b e n Muscle Substitute was attached to the me­
chanical device using as much as possible the pattern of o r ig in and inser­
tion points o f normal muscle structure. In early exper iments , the b iceps 
pr inciple was used to br ing about flexion o f the e l b o w jo in t . but the power 
actuator was later relocated a long the forearm c o p y i n g the action of the M . 
Brachio-radial is . T h i s arrangement simplified the entire des ign, because 
mechanica l suppor t was n o longer needed o n the upper a rm fo r a power 
attachment. In addi t ion, it permitted the important abduct ion function o f the 
shoulder jo in t , independent o f or c o m b i n e d with elbow flexion. A s a c o n ­
sequence o f this arrangement, the patient 's upper extremity has to function 
as an essential mechanica l l ink in this system. 

Three types o f integrated forces are used to activate the or thot ic system. 
CO2 Ac tua to r s Spr ing F o r c e s Gravi ty F o r c e s 

F o r the purpose o f s implici ty , the c o m p o n e n t s necessary in the p o w e r 
system are d iv ided into three g roups and briefly discussed. 

1 ) P o w e r Ac tua to r 2 ) Ene rgy 3 ) Controls 

POWER ACTUATOR 

T h e p o w e r actuator we have chosen to activate the or thot ic componen t s 
is the M c K i b b e n Musc le Substitute. T h e funct ion of this dev ice has been 
well descr ibed in several p rev ious pub l i ca t ions . 2 

Dur ing ou r exper ience with this actuator, we have found it useful in our 
latest adaptat ions to m o d i f y the size o f the artificial muscle a c c o r d i n g to the 
w o r k it is to pe r fo rm. This is because the energy and p o w e r necessary to 
p rov ide adequate finger prehens ion is m u c h less than the p o w e r needed, fo r 
instance, in shoulder abduc t ion . Fur thermore , incorpora t ion o f two helical 
w o v e n sleevings in one muscle unit was found to increase the durabi l i ty 
with little o r n o sacrifice o f pe r fo rmance . T h e end fittings and me thod o f 
at tachment to the mechanica l system are modi f ied and sealed in plastic a c ­
c o r d i n g to the funct ion it is to p e r f o r m . (See Figure 4 ) 



Figure 4—Modif ied McKibben Muscle Substitute. 

ENERGY SOURCE 
C a r b o n d i o x i d e has p roven to be pract ical as a p o w e r source fo r 

the a b o v e descr ibed actuator pr imar i ly because it imposes n o hazard to the 
patient, it is general ly available, and not as expensive as other energy 
sources . L a r g e tanks o f CO2 with an inside s iphon tube can b e rented f rom 
var ious supply c o m p a n i e s for the purpose o f refilling smaller conta iners . 3 

Small t h rowaway car t r idges used in mak ing ca rbona ted water have shown 
potential usage as an energy source fo r a self conta ined p o w e r e d finger 
prehension orthosis . 

CONTROL SYSTEM 
T h e success o f useful act ions ob ta ined th rough means o f p o w e r e d or­

thotic systems adapted to the patient largely depends o n the s implic i ty and 
efficiency o f the con t ro l system. Fur thermore , it is desirable that the patient 
be in con t ro l of the system and not the system in con t ro l o f the patient. 
The rate and extent o f response should be p ropor t iona l to the cont ro l l ing 
act ion. 

A n e w pr inciple was utilized in deve lop ing a simple valve for this con ­
trol system. Th i s consists o f a flexible silastic rubber tubing*, and a spring 
loaded a rm capable o f depressing o r p inch ing a c ross section o f the silastic 
tube sufficiently to s top or permi t the flow o f gas under pressure . 4 A s a 
permanent enclosure , the valve mechan i sm is imbedded in a plastic casing 
made f r o m polyester resin. T h e funct ions o f the valve can be studied in 
detail in F igure 5, wh ich shows a d o u b l e action push but ton va lve ; in Figure 
6, a doub le act ion con t ro l stick va lve ; and finally in F igure 7, a single act ion 
push but ton valve. 

T h e type o f cont ro l valve selected fo r an individual patient is deter­
mined b y the cont ro l site available. Depend ing on particular c i rcumstances , 
it is at t imes necessary to separate the con t ro l for inflation and deflation o f 
the same p o w e r actuator. In such instances, single valve units are used. 

* Medical Silastic® 372—tubing .045" x .105". 



Figure 5—Double action push button valve. 

Figure 6—Double action control stick valve. 



Figure 7—Sing le action push button valve. 

IMPORTANT FEATURES OF THE CONTROL VALVE 

1 ) A line pressure of 80 psi can be controlled by mechanical linkage 
of a force of less than one ounce. 

2) Admission and release of gas to the actuator can be gradated by 
the patient to perform a rapid response, and either a fast or a slow 
action may he provided according to the motion desired. 

3) It is leak proof because the How of gas is controlled from the reser­
voir to the actuator without internal mechanical interruption of the 
system. 

4) The double valve weighs 9 grams, and the single valve weighs 5 
grams. The physical size is comparable to a man's wrist watch. 

5) The cooling effect associated with the flow of carbon dioxide does 
not adversely affect the operation of the system. The valve and its 
related components also tolerate great variations in temperatures. 

6 ) The design of the valve will also allow it to be used to regulate the 
flow of any gas or liquid not corrosive to silastic. 

7) The noise associated with the escaping gas from the deflating 
actuator is minimized effectively by a small cotton muffler attached 
at the exit of the deflation tube. 

In evaluation tests, several valve units incorporated in this Orthotic sys­
tem have been in use by patients for six months without experiencing prob­
lems in the control system. The unusual physical characteristics of the silastic 
rubber tube, including inertness, corrosion resistance, and fatigue resistance, 
are considered to he the primary factors for its successful operation. 

Other control modes including electronic and electro-mechanical de­
vices have been developed and evaluated for particular applications and are 
reported elsewhere.5 & 6 



Figure 8—Powered finger prehension orthosis 
allowing passive prepositioninq of hand. 

Figure 9—Extremity abduction unit. 

ORTHOTIC COMPONENTS 
A . Finger Prehension Orthosis 

A basic a luminum hand orthosis with volar support is h inged together 
at the loca t ion of the p rox ima l jo in t of the index finger with a unit 
stabilizing the semi-flexed phalangeal jo ints of the index and 2nd finger. 
A co i l spr ing is incorpora ted in this j o in t for the purpose o f dynami­
cally assisting finger extension. One end of a p o w e r actuator is at­
tached to a lever a rm of the finger p iece and the other is attached to 
the p r o x i m a l part of the orthosis . The wrist is stabilized in a fixed 
neutral pos i t ion . U p o n cont rac t ion of the p o w e r actuator, the index 
and second fingers are m o v e d toward the opposed stabilized thumb 
resulting in a chuck type prehension or p inch . 
This type o f p o w e r e d dev ice has been improved recently by incorpora­
tion of a fr ict ion jo in t at the wrist permitt ing passive prepos i t ioning 
of the hand. This funct ion is useful in many activities. (See Figure 8 ) 
A modi f ied plastic hand orthosis is used to support the hand . 7 The 
fo rce of the power actuator is transmitted to the finger section b y a 
cable passing through a teflon l ined coup l ing at the wrist jo in t allow­
ing this movemen t to take place . 

B. Extremity Abduction Unit 
A system utilizing the vector 
para l le logram pr inciple was de­
signed to achieve the objec t ive 
of abduct ing the extremity in­
dependently o f e l b o w flexion. 

(See Figure 9 ) 

This four- joint para l le logram 
system has the fo l lowing func­
t ions : 



1. T o a l low hor izontal movements of the extremity. 
2. T o p rov ide vertical movements of the extremity. 
3. T o act as a swivel a rm and to support the e l b o w flexion unit in 

perpendicular al ignment regardless o f its elevated pos i t ion . 
Coi l springs are incorpora ted in the unit to counteract the fo rce o f 
gravi ty on the extremity and permit the p o w e r actuator to p r o v i d e its 
active fo rce to elevate the extremity. P rov i s ion is made to adjust the 
fo rce and pos i t ion o f the co i l spr ing and actuator in relat ionship to the 
mult iple-joint axis system of the vec tor unit. 

C. Elbow Flexion Unit 
This device is des igned to flex the e l b o w with its fu lcrum poin t located 
on the media l side of the e l b o w and co r r e spond ing to the axis o f the 
ep icondy les . T h e unit is l inked together with the abduc t ion device 
b y means of a swivel arm with a fulcrum poin t co r re spond ing to the 
locat ion of the o lecranon . This permits inward and outward horizontal 
movements of the forearm. (See Figures 10 and 1 1 ) 
A te lescopic tube and rod connec ted to the flexion units acts as an 
attachment for the hand support , and also al lows voluntary supination 
and prona t ion . If desired, the hand can b e prepos i t ioned and fixed 
there b y means o f a set screw. One end o f the p o w e r actuator o r i g ­
inates on the radial side of the wrist and the other is secured slightly 
above the fulcrum of the e l b o w thus b r ing ing about e l b o w flexion. 
In the initial tryouts it was found necessary to incorpora te a spr ing 
which w o u l d initiate extension o f the forearm when the e lbow was 
fully flexed. A l s o , when the p o w e r actuator was deflated, the fo rea rm 
needed cush ion ing during the last phase of extension. One coil spring 
located inside at the end of the telescopic unit and linked to the e lbow 
jo in t , p roved adequate for both functions. 

T h e shoulder abduc tor and e lbow flexor c o m p o n e n t s are made f rom 
stainless steel. Teflon, needle thrust and roller bear ings are i nco rpo ­
rated in the jo ints for the purpose o f p r o d u c i n g l o w fr ict ional resistance. 

Figure 1 0 — E l b o w flexion un i t 



Figure 11—Expanded view of elbow flexion unit. 

A m o u l d e d e lbow and fo rea rm t rough made of laminated polyester 
resin is attached to the unit. A cutout is located at the pos i t ion of the 
o lecranon. This permits firm seating of the e l b o w and prevents the 
fo rea rm f rom sliding when the e l b o w is fully flexed. This is very 
important because of the crit ical loca t ion o f the fulcrum points o f the 
unit, wh ich must co r r e spond closely with those of the extremity. The 
fo rea rm is stabilized in the t rough with a leather strap. 
Dur ing the past eight months , ten powered or thot ic systems have been 
applied on patients with var ious e t io logy . Evaluat ion of these inc luding 
new adaptat ion are cont inuous ly be ing fo l lowed and evaluated. 

CASE STUDIES OF PATIENTS 
T h e fo l lowing illustrations show three different types of or thot ic appli­

cat ions on patients. 

CASE #1: F igure 12, B . B . , Whi te , Male , A g e 26. 
Diagnosis: Co rd lesion at C-4 and 5 level due to a t rampol ine ac­

cident, D e c e m b e r 30 , 1957. 
This patient has almost normal function of both upper extremities with 
the excep t ion of para lyzed hands. 
After an evaluation for external power , appl icat ion, an or thosis for 
the right hand was designed and applied p rov id ing index and long 
finger prehension against the opposed stabilized thumb. On the left side 
of the l apboard , a doub le action cont ro l unit activated b y a rocker 
bar was mounted and cont ro l led b y the left fo rea rm. This arrangement 
gave the patient a posi t ive con t ro l site, wh ich he learned to operate 
effectively in a very short t ime. 
The CO2 container, valve unit, and tubes were mounted on the under 
surface of the l apboard (see Figure 1 3 ) . Th is permit ted the patient 
to used the equipment while in bed , or dur ing transportation b y 
car , etc. 



Figure 12—Powered finger prehension or­
thosis adapted to patient. 

Figure 1 3 — C O 2 container and valve box 
mounted on the under surface. 

Before Application 
1) T y p i n g and wri t ing with special made devices . 

2 ) Feeding accompl i shed with eating utensils attached to hand 
or thosis . 

After a short training pe r iod , the fo l lowing summary f rom the occu­
pat ional therapy repor t revealed the s cope of his extended activities. 
After Application 

1) Shav ing with a safety razor and handl ing all aspects of the activity 
after equipment is placed on his lapboard including shav­

ing c ream, wash rag. and after-shave lot ion. 
2 ) Feeding, including cutting thin slices of meal by using a rocking 

knife. Also , he can handle his drink, salt, and pepper , etc. 
3) Brushing teeth (swivel). Th is includes handl ing tooth paste in­

dependent ly. 
4) Te lephone . This includes dial ing. 

5 ) P lay ing cards. He can handle cards with addi t ion of card holder . 
6 ) T y p i n g and wri t ing—increased in speed and tolerance. 

Recent ly it was learned that this patient has dec ided to cont inue his 
educat ion . He has been accepted at the university he attended pr ior 
to his accident . His goal is to b e c o m e a patent lawyer . 
CASE #2: F igure 14. L.E.P. . Whi te Female. A g e 26 
Diagnosis: Po l iomyel i t i s . Onset. September 28 . 1951. 
This patient has minimal residual function of the right hand includ­
ing radial wrist extensors, opponents o f the thumb and scattered intrinsics throughout the fingers. Th is muscle picture enables her to 
grasp ob jec ts in a gross manner. Only weak wrist flexor and supina­
tion function was present in the left extremity. 

Due to the total absence o f function about the elbow and shoulder 
region in both arms, it was dec ided after the initial evaluation to 
apply p o w e r assistance to the right extremity to restore e l b o w flexion 
and shoulder abduc t ion . T h e slight movement of function in the left 
wrist was found adequate to activate the two doub le control valves 
mounted on the left side of the l apboard . The CO2 container was 
mounted on the under surface and polyvinyl lubes connect the power 
supply, valves, and p o w e r actuator. Snap d isconnects are incorporated 
in the tubes so the individual c o m p o n e n t s can be easily separated. 
The fol lowing summary of functional activities prior to and after ap­

plicat ion was submitted by the Occupational Therapy Department. 



Before Application 
1) Tu rn ing pages with suspension sling applied to the right arm. 

This was not accompl i shed smooth ly or with ease and required 
a great deal o f pos i t ioning. 

2) Smoking was possible if so meo n e put cigarette in holder and posi­
t ioned her a rm in a Hexed pos i t ion . 
Typing- minimal and cou ld he accompl i shed only with right 
suspension sling attached. 

4) Wr i t ing was restricted in range, shaky and her work tolerance 
very l o w . 

After Application 
1) Tu rn ing pages in a magazine , b o o k and newspaper accompl i shed 

coord ina te lv . 
2) S m o k i n g . Can put c iga re t te in h o l d e r but cannot light it s a f e l y . 
3) Wri t ing with slightly built up pencil and raised surface f o r as 

long as three hours with br ief rest pe r iods . 
4) Feeding—independent with adapted fork, plate guard and lazy 

susan rotating disk. She is feeding herself three meals a day. 
5) Makeup—can apply p o w d e r , rouge , eye makeup, and lipstick. 

She has a mi r ro r that sits o n her lapboard and a makeup holder 
fo r all cosmet ics . 

6 ) T y p i n g accompl i shed with ease. Can insert paper , f o ld letter 
and insert in envelope . 

Avocational Interests 
Activi t ies we have e x p l o r e d : (Al l these accompl i shed after setup.) 

a. Mos iacs d. Ceramics 
b . H o o k rug e. B o n g o drums 

c . Leather lac ing 
A t present this patient is consul t ing a voca t iona l counse lo r for the 
possibil i t ies o f getting a j o b she w o u l d be capable of handl ing. 

CASE #3: F igure 15, J.G.R., Whi t e Male , A g e 27 
Diagnosis: Po l iomyel i t i s . Onset, Augus t 28 , 1956. 
Th i s patient is essentially flaccid th roughout the upper extremities with 
the except ion o f trace and p o o r muscle movements in the shoulder 
gi rdle g r o u p . T h e only residual muscle funct ion present in the lower 

Figure 14—System providing elbow flexion 
and shoulder abduction for patient. 

Figure 15—Complete powered system pro­
viding finger prehension—Elbow f lex ion— 

Shoulder abduction. 



extremities is located in the left leg, a fair + M . Peroneus longus and 
M . Peroneus brevis and g o o d flexors and extensors o f the foo t . 
Externally p o w e r e d equipment p r o v i d i n g finger prehens ion , e l b o w 
flexion and shoulder abduc t ion on the right was adapted to this patient. 
Six valves were mounted under the left foo t pedal o f his wheel chair . 
Ho les in the f o o t pedal e x p o s e d each con t ro l button and b y a f o o t 
plate arrangement these were activated b y inward and outward m o v e ­
ments o f the patient 's foo t . 
D u e to his personal business obl iga t ions , he d id not receive fo rma l 
t raining in the use o f his equ ipment ; howeve r , upon his d ischarge , he 
was able to turn pages and use an add ing mach ine o f most impor tance 
to h i m as d i rec tor o f a b o o k and magaz ine selling business. A t a 
later date, he will b e scheduled for a fo l low-up training p r o g r a m . 

GENERAL CONSIDERATIONS 
This system, with the excep t ion o f the p o w e r e d finger prehension o r ­

thosis, cannot function without be ing r ig id ly supported b y , for example , 
a wheel chair . Its funct ional success depends entirely on the precise align­
ment with the anatomical structure o f the upper extremity. 

T h e p o w e r actuators as used in the descr ibed or thot ic system are only 
adequate fo r l ight funct ional activities. 

A s the appl icat ion o f this system increases, a detailed engineer ing 
analysis mast b e initiated, inc luding stress analysis, durabi l i ty and fatigue 
tests and m a n y other related studies. 

SUMMARY 
Progress toward the development o f a simplified and control lable o r ­

thotic system for restoring useful hand and arm act ion is descr ibed . This 
system, at the present t ime, is intended to serve pract ical needs o f a par­
ticular class of patients, namely, those w h o are wheel chair b o u n d and have 
marked muscular def ic iency of the upper extremities. T h e system as a who le 
has been shown through practical exper ience with quadr ip leg ics to restore 
with minimal training act ions o f immedia te impor tance in dai ly activities, 
such as feeding, writ ing, manipulat ing b o o k s , attending to head and neck 
hygiene, and numerous others o f similar nature. 

Several new mechanica l componen t s wh ich contr ibute to the funct ion 
o f this system are descr ibed also. These include a vec tor para l le logram 
elevator mechanism, a spr ing loaded e l b o w axis jo in t , a wrist f r ic t ion jo in t , 
and a doub le and single act ion pinch-tube valve. The unique feature o f this 
system is the manner in wh ich these mechanica l c o m p o n e n t s are c o m b i n e d 
to p r o d u c e synchron ized and smooth ly phased mo t ions o f the upper extremity 
segments. 

Case studies on three typical patients of the type to w h o m this system 
is especial ly useful are g iven. Detai led compar i sons p r o v i d e d b y occupa­
tional therapists are inc luded, reveal ing marked degrees of improvement 
in typical activities due to appl icat ion o f this or thot ic system. 
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CLINICAL P R O S T H E T I C S A N D O R T H O T I C S COURSE FOR 
PHYSICIANS A N D T H E R A P I S T S OFFERED BY UCLA 

The University of California. Los Angeles, Prosthetics Education Pro­
gram has announced a new course for physicians and therapists which will 
b e presented in the 1963-64 academic year. The course will last two weeks, 
and will cover the major fields of upper and lower extremity prosthetics, 
upper and lower extremity orthotics, and spinal orthotics. 

This new course is designed to provide a thorough refresher on the 
basic principles of these fields, plus new material on all of the newest tech­
niques and devices. Those who have taken previous courses at U C L A will 
find ample information on all the latest advances in prosthetics, such as the 
total contact plastic socket, hydraulically controlled prosthetic units, the 
patellar tendon bearing below knee prosthesis, the new functional long leg 
brace, and the use of porous laminates for prosthetic sockets. 

T h e two-week session will include a n all day field trip to Rancho Los 
Amigos Respiratory Center for special presentations on devices for the so-
called "totally disabled." Completion of the two-week c o u r s e will be the 
equivalent o f attendance at a l l of the courses i n prosthetics and orthotics 
presently offered at UCLA for physicians and therapists. 

T h i s new comprehensive course has been designed and is being presented in answer to requests from the Veleratis Administration, from various 
m e d i c a l societies and f r o m facilities o f several o f the nation's larger teach­
i n g institutions. Four presentations o f t h e i o n i s e are offered: October 1 4 

to 2 5 and December 2 to 13, 1 9 6 3 and February 1 0 to 2 1 and April 6 to 1 7 . 
1964. Inquiries concerning t h e courses should b e addressed to: Prosthetics-
Orthoties Education Program. UCLA Medical Center, Los Angeles 2 4 , Calif. 


