
EVALUATION OF THE ORTHO-WALK TYPE B 
PNEUMATIC ORTHOSIS ON THIRTY-SEVEN 

PARAPLEGIC PATIENTS1 

PREFACE 

The evaluat ion of the Or tho-Walk Pneumat ic Orthos is was requested by the Veterans 
Adminis t ra t ion (VA) and the Rehabi l i ta t ion Services Adminis t ra t ion ( R S A ) , Depar tment of 
Heal th , Educa t ion , and Welfa re . The Veterans Adminis t ra t ion originally b e c a m e interested in 
pneumat ic or thoses after contacts with the French developers of the Or tazur Or thos is , the 
forerunner of the Or tho-Walk . 

Dr . George More l of Berck P lage , F rance , introduced the Or tazur Pneumat ic Orthosis in 
1965. Al though the orthosis w a s originally used quite successfully on chi ldren with os teogenesis 
imperfecta , Dr . Morel later used it on a three-year-old child with t raumatic paraplegia . The 
orthosis was used still later with posi t ive results by a number of French physic ians to stand pat ients 
with D u c h e n n e Dys t rophy , cerebral pa lsy , and paraplegia . In most cases , the pr imary goal of these 
physic ians was to support the knee and hip joints in order to br ing the patient to an erect posi t ion, 
with a secondary goal of ambula t ion . 

In March 1973 , the vice president of the Aerazur C o m p a n y , manufacturer of Or tazur in 
F rance , and four other staff member s visited the Cast le Point V A Hospital in New York and fitted 
three patients with the pneumat ic or thosis . A fourth orthosis was fitted subsequent ly to another 
pat ient at this hospital , and all pat ients were asked to provide feedback to the Veterans 
Adminis t ra t ion Prosthet ics Center concern ing the utility of the or thoses . This informal evaluat ion 
demons t ra ted that the high paraplegic may be able to use the orthosis for s tanding, a l though 
ambula t ion was impract ical . 

A study of both the Or tho-Walk and the Or tazur pneumat ic or thoses on 11 pat ients at Bird S. 
Coler Hospi ta l , New York , by Maurycy Silber , M . D . (14), identified several posi t ive physiologi­
cal ou t comes from regular use of the pneumat ic or thoses , and underscored the need for a large 
scale , formal evaluat ion of the Or tho-Walk pneumat ic orthosis on paraplegic people . 

The ILC Dove r C o m p a n y 2 obtained an exclus ive l icense to manufacture and distribute the 
pneumat ic or thosis in the Uni ted States , and first introduced a modified version of the Or tazur 
Pneumat ic Or thos is , called the Or tho -Walk , in October 1973 at a combined meet ing of the 
Amer ican Congress of Rehabi l i ta t ion Medic ine and the Amer ican A c a d e m y of Physical Medic ine 
and Rehabi l i ta t ion in Wash ing ton , D . C . ILC Dover is the Division of ILC Industr ies , Inc . that was 
the sole designer and manufacturer of the space suits for Project Apol lo and Skylab . 

1The project that is the subject of this report was approved by the Governing Board of the National Research Council, 
whose members are drawn from the Councils of the National Academy of Sciences, the National Academy of Engineering, 
and the Institute of Medicine. The members of the Committee responsible for the report were chosen for their special 
competences and with regard for appropriate balance. 

This report has been reviewed by a group other than the authors according to procedures approved by a Report Review 
Committee consisting of members of the National Academy of Sciences, the National Academy of Engineering, and the 
Institute of Medicine. 

This study was supported by Contract V101 (134) P-350 between the Veterans Administration and the National Academy 
of Sciences, and Contract SRS 500-75-0001 between the Social and Rehabilitation Service, HEW, and the National 
Academy of Sciences. 

2 ILC Dover Company, 350 Pear Street, Dover, Delaware 19901 



National interest in this new orthosis was high, not only because o f the large amount of 
publicity it was g iven, but also because the Type B Ortho-Walk Pneumatic Orthosis appeared to be 
of real benefit to people with paraplegia, since it stabilizes the knee , hip, lower spine, and to some 
extent, the ankle. 

The Veterans Administration recognized the possible benefits for the 2 0 , 0 0 0 paraplegic and 
quadriplegic patients under its care and requested the Committee on Prosthetics Research and 
Development (CPRD) , National Research Council , to conduct a large structured evaluation of the 
Ortho-Walk Type B Pneumatic Orthosis on people with paraplegia in V A and other hospitals. 

MICHAEL J. QUIGLEY, C . P . O . 
Committee on Prosthetics Research 

and Development 



T H E P O P U L A T I O N O F P E O P L E W I T H 
P A R A P L E G I A 

T h e Nat ional Center for Heal th Statist ics 
( N C H S ) report " P r e v a l e n c e of Selected Im­
pa i rments — 1 9 7 1 " states that in the civi l ian 
noninst i tut ional ized popula t ion there are ap­
proximate ly 1.4 mil l ion people with para lys is , 
comple te or part ial . Of this number , about 
102 ,000 people have paraplegia , or 0 .5 peop le 
per 1,000 persons . Since many paraplegics are 
inst i tut ional ized, the es t imate is probably low. 
A s s u m i n g that about 10 percent of the parap­
legic populat ion was inst i tut ionalized or in a 
noncivi l ian status at the t ime of the 1971 
survey, there would be about 112 ,000 persons 
with paraplegia in this country at that t ime. In 
1975 , there are probably from 120,000 to 
140 ,000 persons with paraplegia in the Uni ted 
Sta tes . 

Accord ing to Peter C . Hofstra , M . D . (4), 
Chief of the V A Spinal Cord Injury Services , 
the populat ion of spinal-cord-injured people is 
increasing by 10 ,000 to 2 0 , 0 0 0 persons per 
year . The highest incidence of spinal-cord in­
ju ry occurs in young males be tween the ages of 
15 and 35 years . Approx imate ly 50 percent are 
paraplegics and 50 percent are quadr ip legics . 

P R E S E N T U S E O F O R T H O S E S F O R 
P E R S O N S W I T H P A R A P L E G I A 

T h e history of the orthotic t rea tment of para­
plegia does not go back much further than 
Wor ld W a r II , since previous to that t ime about 
90 percent of the spinal-cord-injured persons 
died from geni tourinary infections. The de­
ve lopment of antibiotics to comba t these infec­
tions reversed the fatality rate shortly after 
Wor ld W a r II (4). 

The physiological benefits of standing per­
sons with paraplegia were first ment ioned by 
Abramson (1) in 1948, w h o stated that an hour 
of s tanding each day will prevent osteoporosis 
in the lower l imbs and helps to prevent urinary 
calculi and geni tourinary infections. In 1964, 
Rusk (72) , stated that "c i rcu la t ion and nutri­
t ion, as well as mora le , are also aided by 

keeping the pat ient in the upright posi t ion for 
several hours each d a y . " 

Rusk also r e c o m m e n d e d that the tenth 
thoracic vertebra be used as a l andmark when 
prescr ibing or thoses; les ions at or superior to 
this level are usually given double-bar long-leg 
or thoses with a pelvic band and Knight spinal 
a t tachment (current terminology is L S H K A F O , 
or lumbo-sacra l -h ip-knee-ankle foot or thosis) ; 
lesions inferior to this level are provided with 
the same or thoses wi thout the spinal attach­
ment , and lesions inferior to L 1 , a re fitted 
wi thout the pelvic band. 

Hahn (3) , Scott (13) , Edbe rg (2) , and War ren 
et a l . , (15) , do not advocate the use of the 
pelvic band on paraplegic pat ients . Edberg feels 
that the pelvic band must apply excess ive pres­
sure against the skin to be effective, that it 
causes difficulty in donning the or thosis , l imits 
flexibility and adds excess ive weight . Hahn and 
Scott state that the two mos t important consid­
erat ions for orthotic design for paraplegics are 
ease of donning and control of ankle dorsiflexion, hence the so-called Craig-Scot t design 
K A F O has no pelvic band , only one thigh band , 
and a fixed but adjustable ankle jo int . 

Another method of providing s tanding mobil­
ity to paraplegic people is by using standing 
frames. Mot loch (7) has demons t ra ted success 
with the " p a r a p o d i u m , " a jo inted standing 
frame for spinal-cord- impaired chi ldren. Prast 
(9) is working on an adult version of Mot loch ' s 
pa rapod ium, which will provide standing stabil­
ity and allow " p i v o t w a l k i n g , " which is a 
combinat ion of rotating and sliding the base of 
the device in the desired direct ion. A " m o b i l e , 
por table , col lapsible set of s tanding b a r s " is the 
way Peizer and Bernstock (8) descr ibed another 
device , called the " S t a n d - A l o n e . " 3 In an 
evaluat ion of the device on 32 pat ients , the 
Stand-Alone proved to provide " h a n d f r e e " 
independent standing and mobili ty on level and 
slightly sloped surfaces for most paraplegics up 
to the level of T8, providing the person could 
tolerate the standing posi t ion. 

3Stand Alone, Corporation for Medical Engineering, 
8472 East Garvey Ave., San Gabriel, California 91771. 



Despi te the var ious or thot ic des igns avail­
ab le , and the phi losophies that accompany each 
des ign , the majori ty of paraplegic persons will 
ei ther reject their or thoses or not have them 
prescr ibed. The re are many reasons for th is , the 
main one be ing the excess ive energy expendi ­
ture needed to ambula te in an or thos is . The 
donn ing procedure for most or thoses is difficult 
and t ime c o n s u m i n g , and once the or thoses are 
on the pat ient they often interfere with transfer 
act ivi t ies . In addi t ion, c ru tches are needed for 
stability whi le s tanding and ambula t ing , which 
limits the use of the hands and a rms . O the r 
p rob lems with s tanding ambula t ion for para­
plegic pat ients are the lack of b ladder control 
whi le s tanding and the obviously abnormal 
walk ing pat tern . 

Hussey and Stauffer (5) s tudied the ambula­
tory function of 164 spinal-cord-injured patients 
and stated that " n o pat ient achieved any form 
of functional ambula t ion wi thout pelvic con t ro l 4 

and there appeared to be no effective me thod of 
brac ing pat ients to ove rcome this de f i c i t . " The 
nerve supply for the pelvic control musc les is 
affected by a thoracic lesion. 

R o s m a n and Spira (11) reported similar p rob­
lems in ambula t ing pat ients with thoracic le­
s ions. In a s tudy of 35 pat ients with lesions 
from the T1 to T11 level w h o were fitted with 
or thoses for ambula t ion , only one patient was 
ambula t ing out of the hospi ta l , and five used the 
orthosis for s tanding only. The report con­
cluded " t h a t there is an essential difference 
be tween the ' occupa t ion ' of walking in the 
non-pressured rehabil i tat ion envi ronment and 
walk ing w h e n faced with the p rob lems of 
everyday l i f e . " It further conc ludes that " s o m e 
disabled persons with unusual s t rength, will­
power , and mot ivat ion for walking will suc­
cessfully ove rcome the difficulty, effort, and 
social strain involved in the cont inuous use of 
b r a c e s , " but that " m o s t will eventual ly relin­
quish these goals because the effort proves too 
g r e a t . " 

Initial s tudies on pneumat i c or thoses showed 
p r o m i s e , espeical ly for pat ients with thoracic 
les ions . Si lber (14) repor ted on 11 pa t ients , 
n ine of t hem with lesions at T12 or superior , in 
1975 . All pat ients in the study were inpat ients . 
H e stated that all pat ients could transfer inde­
penden t ly , all but one pat ient could don the 
or thosis independent ly , and all could stand and 
ambula te , a l though not a lways independent ly . 
Of the six pat ients w h o also received conven­
tional meta l o r thoses , five could not don the 
or thosis independent ly . H o w e v e r , after about 
t w o w e e k s training with the pneumat ic or thos i s , 
all of them could don it wi thout he lp . All 
pat ients felt that the pneumat ic orthosis was 
more comfor table than the convent ional or­
thos is , and found that it m a d e activities-of-
dai ly- l iving (ADL) functions m u c h eas ier . 
Si lber used both the T y p e A Pneumat ic Orthos is 
which stabil izes the knee only , and the Type B , 
which stabil izes the t runk, h ip , and knee in his 
s tudy. H e also used both the French Ortazur 
style and its Amer i can counterpar t , the 
Or tho-Walk . 

Ragnarsson et a l . , (10), at the Insti tute of 
Rehabi l i ta t ion Med ic ine , N e w York Univers i ty 
Medica l Cente r , s tudied 14 pat ients using the 
Or tho-Walk and the French Ortazur pneumat ic 
or thoses . E leven of these pat ients were also 
fitted with convent ional metal or thoses . Ene rgy 
consumpt ion of three pat ients may have been 
less with pneumat ic or thoses than with conven­
tional or thoses , a l though it is not clear that the 
devices were evaluated on comparab le tasks . 
Pat ients could , however , ambula te further and 
for a longer t ime in the pneumat ic or thosis . 
H o w e v e r , only one of ten pat ients preferred the 
pneumat ic orthosis over the convent ional or­
thosis because of inadequate support at the 
knees and h ips , z ipper fai lures, and most of all , 
inflation p rob lems . The study concludes that for 
many reasons the pneumat ic orthosis is espe­
cially suitable for early ambula t ion t raining, but 
severe mechanical p rob lems limit its usefulness 
for communi ty ambula t ion . 

In s u m m a r y , many designs of or thoses are 
presently prescr ibed for paraplegic adults but in 
nearly every case , when a thoracic level lesion 

4The Term "pelvic control" used here refers to the 
ability of the abdominals to move the pelvis when body 
weight is on the crutches 



is present , the or thoses p rove to be impract ical 
and are rejected. Whee led s tanding frames are 
be ing used successfully on chi ldren, and are 
beginning to gain acceptance with adul ts . Initial 
results with pneumat ic or thoses were promis ­
ing , and therefore an evaluat ion of this or thosis 
has been conduc ted . 

D E S C R I P T I O N A N D F I T T I N G O F T H E 
P N E U M A T I C O R T H O S I S 

The Or tho -Walk Type B Pneumat ic Orthos is 
(Fig . 1) is available in six s tandard sizes. Each 
orthosis has three pneumat ic b e a m s on the 
anterior and poster ior aspect of each leg. A 
mode l with four pneumat ic b e a m s on the an­
terior and poster ior aspect of each leg is also 
avai lable and is r e c o m m e n d e d for people 
weighing over 160 pounds . The garmet is m a d e 
of ny lon , and the pressure b ladders in the 
pneumat ic b e a m s are po lyure thane . T h e or­
thosis incorporates values for inflation and de­
flation, a series of straps and laces for fitting 
and adjustment , z ippers for donning and dof­
fing, and toe lifter s traps, which attach to the 
shoes . 

The size of the orthosis needed for a particu­
lar patient is de te rmined by relat ing ten mea­
surements of the pat ient to a sizing chart , and 
then choosing the size that mos t nearly corres­
ponds to the measuremen t s . C u s t o m or thoses 
are available for peop le w h o do not fit into the 
s tandard-size range due to obesi ty , excessive 
height , e tc . The manufacturer r e c o m m e n d s that 
long cotton underwear be worn under the or­
thosis . Regular clothes may be worn over the 
or thosis . 

T w o types of air compressors are avai lable , 
an A C compressor and a D C compressor . The 
A C compressor is used as a stationary i tem, 
general ly used in the household . The D C com­
pressor is termed " p o r t a b l e , " and comes with a 
carrying case , 12-volt bat tery, and charger . It 
may also be operated from an automobi le 
cigaret te lighter. Other types of inflation tech­
niques , such as small compressed gas cartr idges 
and p u m p s , have proved to be impract ical , 

a l though larger cyl inders s imilar to scuba tanks , 
may be used. 

Fit t ing of the or thosis is general ly done by an 
orthotist , preferably on a wais t -high bed or tilt 
table . The zippers cover ing the adjustment laces 
and straps are opened and the or thosis is spread 
out on the table. The pat ient (wear ing shoes and 
long underwear) is then posi t ioned supine on 
the or thosis and the heel straps are secured 
around his shoes . The posit ion of the pat ient on 
the or thosis is then checked , as is the length of 
the or thos is . The poster ior pneumat ic b e a m s are 
al igned in a straight l ine; then long and short 
z ippers are c losed. 

The orthosis is inflated to straighten the 
pneumat ic b e a m s and the laces and straps are 
adjusted to mainta in this a l ignment (Fig . 2 ) . 
The zippers cover ing the adjustment straps and 
laces are then closed and the toe lifter strap is 
fastened to the shoe and t ightened until the 
ankle is held at approximate ly 90 degrees . 

A final a l ignment check is m a d e when the 
patient is s tanding, and two or three addit ional 
fitting and adjustments are usually required 
before an acceptable fitting is obta ined. 

Weare r s of the or thosis may then don it by 
posi t ioning themselves over the outspread or­
thosis , at taching the heel straps and closing the 
long- and short-leg z ippers and the abdominal 
zipper (Fig. 3) . They then turn on the air 
compressor , which should be posi t ioned close 
to the pat ient , and c l amp the inflation hose to 
the corresponding valve on the or thosis . Once 
the orthosis is inflated to the r e c o m m e n d e d 
pressure of 32 pounds per square inch (psi) , as 
noted on a guage on the compressor , the infla­
tion hose is r emoved . The patient can then push 
himself to the end of the bed and uses crutches 
to push up to a s tanding posit ion (Fig. 4 ) . A n 
alternate technique is to inflate the orthosis 
while in a sitting posit ion and pull up to a 
s t and ing pos i t ion by g ra sp ing para l le l bars 
(Fig. 4 ) . A " d r a g - t o " , " s w i n g - t o " , or 
" s w i n g - t h r o u g h " gait can be used. A four-
point gait is difficult, if not imposs ib le , to 
achieve. 

In order to deflate the orthosis the wearer 
posi t ions himself ready to sit in a chair or lay on 



Fig. 1. Ortho-Walk Type B Pneumatic Orthosis. The pneumatic beams on the anterior and posterior 
aspect of each leg support the knees, hips, and trunk. 



Fig. 2. Adjustment straps individualize the fit of the orthosis. Usually, these straps need to be readjusted 
about three times after the initial fitting. 

Fig 3. Patient donning the orthosis. The orthosis is first 
spread out on a bed and then the patient positions himself 
over it. 

Fig. 4. Patient transferring from a sitting to a standing 
position during inflation by pulling himself up using the 
parallel bars and one crutch. 



a bed , opens the deflation va lve , and slowly 
lowers himself. 

The or thosis m a y b e worn deflated in a sitting 
posi t ion for the entire day . 

Wea re r s of the pneumat ic or thosis are 
cau t ioned to avoid burn ing the mater ia l , and to 
keep sharp objects away from the mater ia l . 

T h e or thosis m a y be washed by hand us ing a 
mild de tergent , and should b e inspected period­
ically for tears , b roken sti tches or abraded 
fabric . T h e or thosis is mai led back to the 
supplier wheneve r repairs are needed . 

T H E P U R P O S E A N D O R G A N I Z A T I O N O F 
T H E E V A L U A T I O N 

The pr imary purpose of the clinical evalua­
t ion was to de te rmine the indicat ions , t raining 
needs , advana tages and d isadvantages of the 
pneumat ic or thosis in the hospi ta l , h o m e , and 
c o m m u n i t y . T h e results of the study are to be 
used by the Veterans Adminis t ra t ion and the 
Depa r tmen t of Heal th , Educa t ion , and Welfare 
to de te rmine pol icy , by educat ional inst i tut ions 
as instructional mater ial and by medical and 
paramedica l pract i t ioners as a guide for pat ient 
m a n a g e m e n t . 

A steering commi t t ee was formed which met 
in New York on M a y 1, 1974. The m e m b e r s of 
the commi t t ee were He iner Sel l , M . D . , Assis­
tant Direc tor , and M e g McGarr i ty , Physical 
Therapis t , Inst i tute of Rehabi l i ta t ion Med ic ine , 
N e w York ; M a u r y c y Silber , M . D . , Director of 
Rehabi l i ta t ion , and Nancy Hivry , Physical 
Therapis t , Bi rd S. Cole r Hospi ta l , N e w York; 
T h o m a s Pirrel lo , J r . , Orthot is t -Prosthet is t , Vet­
erans Adminis t ra t ion Prosthet ics Center , N e w 
York . 

At the steering commit tee meet ing the evalu­
ation part ic ipants were chosen , the protocol and 
t imetable were set, and other logistical matters 
were d iscussed. 

E V A L U A T I O N C E N T E R S 

The evaluat ion was a cooperat ive effort be­
tween V A and civil ian hospi tals . Centers were 

chosen for var ious reasons , e . g . , past coopera­
t ion with C P R D or V A , proximi ty to ano ther 
par t ic ipat ing hospi tal of the opposi te category 
( i . e . , V A and c iv i l ian) , or , s imply , express ion 
of interest in the s tudy. 

T h e centers were : 

VA Spinal Cord Injury Services 

Miami V A Hospital Jorge Jacobi, M . D . 
Dav id Dupree, C.P . 
Eve lyn Carrasquillo, P . T . 
Betsy Powers , C . C . T . 

Richmond V A Hospital Charles Lamb, M . D . 
Hallie Ratliffe, Orthotist 
Daniel Kahsar, R . P . T . 

Hines V A Hospital Dav id Stern, M . D . 
Wilbur Pearson, C . O . 
Helaine Hull , R . P . T . 

Palo Alto V A Hospital Inder Perkash, M . D . 
Maurice LeBlanc , C.P . 
Deborah Wi l son , P .T . 

Civilian (non-VA) Evaluation Centers 

University o f Miami Jerry Enis , M . D . 
(Jackson Memorial) Wil l iam Sinclair, C . P . O . 

Robin Smith , R . P . T . 
Northwestern University Bupend Agrawal , M . D . 
(Rehabilitation Institute David Thullen, C . O . 

of Chicago) Steve Huber, R . P . T . 

Craig Rehabilitation Harry Hahn, M . D . 
Hospital Alton Scott , C . P . O . 

Joan Polack, R . P . T . 

P R O T O C O L 

Both specific and general guidel ines for pa­
tient selection were m a d e . 
Specific Criteria: 

1. Pat ients had comple te spinal-cord les ions . 
2 . The et iology was t rauma. 
3 . The lesions were be tween the T1 and T12 

vertebral levels . 
4 . Severe deformit ies of the l imbs (over 20 

degrees) were contra indicat ions . 
5 . Patients were selected for size and weight 

to fit the s tandard-size Or tho-Walk . 
6. Patients were inpatients whi le being fitted 

and trained. 



General Criteria: 
1. A sample of pat ients should be ready for 

d ischarge dur ing the study so an evalua­
tion in both the hospi tal and h o m e sett ing 
is poss ib le . 

2 . A sample of pat ients w h o have had previ ­
ous exper ience with convent ional metal 
or thoses would be des i rable . 

N u m b e r of Fit t ings 

The Veterans Adminis t ra t ion was to prov ide 
up to 35 pneumat ic or thoses for evaluat ion. A 
pair of or thopaedic shoes , an A C , and a D C 
compressor were provided with each or thosis . 
Each of the seven cl inics was therefore a l lowed 
up to five or thoses . In cases w h e n a pat ient 
wou ld not b e us ing his or thos is , other pat ients 
could be fitted with it. A m i n i m u m of 35 
pat ients were to be evaluated . 

Orienta t ion Session 

All par t ic ipants of the evaluat ion me t in New 
York on July 1-2, 1974. T h e guidel ines were 
expla ined to the g roup , and a final draft of the 
evaluat ion form was m a d e . T h e orthotists and 
therapists were then taught fitting and training 
by D r . Silber, Nancy Hivry , and Melv in Bailey 
of Bird S. Coler Hospi ta l , and M e g McGarr i ty 
of the Institute of Rehabi l i ta t ion Medic ine . The 
facilities and pat ients at Cole r Hospi ta l were 
used for the training sess ions . 

Clinical Trials 

T h e first pat ients were fitted approximate ly 
six weeks fol lowing the orientat ion session. 
Site visits were m a d e to each center by the 
C P R D staff, and in two cases by the staff of 
ILC Dover . 

It was apparent that the protocol was too rigid 
for some of the centers since they were not able 
to recruit pat ients . In one spinal-cord-injury 
center with 160 beds , over 100 patients were 
quadr ip legic . Of the remain ing number of para­

p leg ics , over half we re hospital ized for pressure 
sores and mos t of the remainder were in for 
urinary p r o b l e m s , surgery , or wou ld soon be 
mov ing to a distant c i ty . Only three pat ients 
could b e recrui ted in this center dur ing the first 
few months of the evalua t ion , despi te the fact 
that it had more beds for spinal-cord-injured 
pat ients than the other centers . The protocol 
was re laxed in order to allow outpat ients w h o 
could c o m e in for daily therapy to be included. 

A n interim meet ing was held in M i a m i , 
F lor ida , on D e c e m b e r 15 , 1974. O n e part ici­
pant from each center a t tended this meet ing . At 
this t ime , six and one-half months into the 
evalua t ion , 35 pat ients had been fitted. M a n y 
p rob lems and misunders tandings were taken 
care of and the da te of the final mee t ing was set. 

D A T A A N A L Y S I S 

In February , 1974, all centers were requested 
to send in the comple ted evaluat ion forms. The 
data was then tabulated and prepared for the 
final mee t ing . 



P H Y S I O L O G I C A L E F F E C T S 

Blood Pressure and Pulse Rate 

Each center was requested to take b lood 
pressure and pulse rate measurements with the 
patient supine and s tanding, wi thout the or­
thosis and then with the or thos is . Three pat ients 
were not able to reach an upright posit ion on the 
tilt table wi thout the pneumat ic or thosis , before 
orthostatic hypotens ion would cause dizziness 
and an average blood pressure of 9 2 / 7 5 . H o w ­
ever , with the orthosis on , all three pat ients 
were able to reach a 90-degree upright posi t ion 

with a s table b lood pressure averaging 113/79 
with no sign of d izz iness . O n one pat ient the 
pulse rate decreased by 2 0 pulses per minute 
w h e n the or thosis was worn , but the change was 
inconsequent ia l on the other two pat ients . 

O n 17 pat ients the b lood pressure , with the 
or thosis on in a s tanding pos i t ion , rose an 
average of 4 m m H g w h e n c o m p a r e d to the 
readings taken in the s ame posi t ion with the 
or thosis off. T h e averages were 117/79 m m H g 
with the or thosis off and 121/84 m m H g with 
the or thosis on . Average pulse rate on the same 
17 pat ients decreased from 89 to 87 pulses per 
minute w h e n the or thosis was worn . The com­
parat ive b lood pressure and pulse rate data was 
consis tent th roughout the eva lua t ion , i . e . , the 
b lood pressure increased slightly with the or­
thosis on , and the pulse rate r emained stable. 

Decub i tus Ulcers 

F ive pat ients with decubi tus ulcers were fit­
ted with the or thos is . The re were no compla in ts 
concern ing re tarded heal ing or aggravat ion of 
these ulcers , and no indicat ion that they healed 
faster in the or thosis . N o ulcers were caused by 
the pneumat ic or thosis dur ing the evaluat ion, 
even though redness over the knee w a s noted on 
many occas ions . 

Bowel and Bladder Funct ion 

Cl inics were requested to m a k e general ob ­
servat ions concern ing bowe l and b ladder func­
tion and catheterizat ion at tr ibutable to the or­
thos is . The or thosis seemed to have no effect on 
bowel or b ladder m o v e m e n t s , or on the type of 
catheterizat ion used. 

Pain 

One patient could not wear the or thosis 
because it hurt her back , and another com­
plained of bruises acquired whi le wearing it. 
All but three of the other pat ients felt that the 
orthosis was immediately comfor table . H o w -



ever , these three pat ients felt that the or thosis 
was comfor table after wear ing it from 15 to 30 
minu tes . For t w o pat ients with back pa in , the 
or thosis offered cons iderable relief; one also 
had scol ios is , so the trunk support was of great 
benefit . 

Spastici ty 

T w o patients reported relief from severe 
spasticity whi le wear ing the or thos is , a l though 
they also stated that the spasticity recurred in a 
greater than normal amount after the or thosis 
was r emoved . In two cases excess ive spasticity 
caused the pat ients to reject the pneumat ic 
or thosis . Adduc t ion contractures in another pa­
tient could not b e adequate ly control led. Spas ­
ticity of the hip flexors kept a second patient off 
ba lance to such an extent that he was exhaus ted 
after ambula t ing only ten yards . In genera l , 
pat ients felt that their spasticity was slightly 
decreased whi le wear ing the or thosis . 

Hea t 

O n e patient rejected the orthosis because he 
felt it was " t o o h o t . " Another preferred to wear 
it only on cool days . F ive compla in ts concern­
ing heat retent ion were made . 

O R T H O T I C I N F O R M A T I O N 

Fitt ing and Adjustments 

All or thoses were the Or tho-Walk Type B , 
three-tube standard suits . The length of t ime to 
measure patients for the orthosis ranged from 
15 to 30 minu tes , and averaged 20 minutes . 
Fitt ing t imes ranged from 20 minutes to two 
hours , and averaged 50 minutes . Three read­
jus tmen t s are usually needed, and can be done 
by either the therapist or the orthotist . The 
average t ime needed per adjustment is 20 mi­

nu tes , or a total of 60 minutes for all three . 
H o w e v e r , some pat ients needed no readjust­
ments whi le o thers needed up to f ive, and in 
one case three hours and 20 minutes were spent 
readjust ing the laces . 

T h e reasons readjustments are needed are 
usually 1) the pat ient was fitted whi le supine 
and the fit changes w h e n he s tands , and 2) the 
laces and straps are n e w , and " g i v e " slightly 
when stressed. T h e most c o m m o n clinical indi­
cation that a readjustment is needed is bending 
at the knees and/or h ips , which can b e corrected 
by ei ther t ightening the laces and/or placing 
special pads in the area of the instabil i ty. 

Equ ipmen t 

In all cases but one , the or thoses and com­
pressors were received from the manufacturer 
in exce l l en t condi t ion. In one case , a suit was 
re turned because of a leak, a l though the man­
ufacturer stated he could not find the leak. In 
two other cases , at different c l in ics , a s low loss 
of pressure (5 psi lost in 10 minutes) was 
reported. A possible cause for the pressure 
p rob lems was the high al t i tude, since most of 
these p rob lems occurred in Denver . Another 
patient caused a leak after burning through the 
fabric of the or thosis with a cigaret te . In no 
instance did a loss of pressure occur so sud­
denly that the safety of the patient was jeopar­
dized. 

The most c o m m o n and most serious equip­
ment failure concerned the z ippers . In five 
cases the seam attaching the zipper to the nylon 
fabric failed. In one case the zipper c ame off 
track. The zipper failures were sudden and 
caused one patient to fall. Another patient had a 
z ipper give way while he was training to de­
scend stairs. The therapist fortunately caught 
h im. 

Equipment repairs were made by ILC Dover . 
All repairs were made satisfactorily, but the 
length of t ime required for shipping the orthosis 
back and forth and for repairs ranged from two 
to four weeks . T w o patients lost interest in the 
evaluat ion while their suits were being repaired. 



Previous Or thot ic Exper ience 

T w e l v e pat ients were using meta l or thoses 
pr ior to the evalua t ion . F ive pat ients w e r e 
ambula to ry and the r emain ing seven used t hem 
for s tanding on ly . Pat ients wear ing or thoses 
spent f rom eight to ten hours daily in bed , from 
t w o and one-half to three hours s tanding , and 
the remain ing t ime sit t ing. Pat ients w h o had not 
been fitted spent an average of 15 hours daily in 
bed and nine hours in a chair . 

F o u r pat ients had an inadequate range of 
mot ion . O n e pat ient w h o had bilateral 15-deg. 
knee-f lexion contractures and a 10-deg. l imita­
t ion of ankle dorsif lexion was fitted and did 
wel l in the or thosis . Another patient with a 
30-deg . hip-f lexion contrac ture could not stand 
independent ly in the or thosis and could ambu­
late only at great energy expense , but kept the 
or thosis as a therapeut ic dev ice . 

T H E R A P Y I N F O R M A T I O N 

Inflation, S tand ing , Transfers 

Seventeen pat ients preferred to inflate the 
or thosis whi le they were in the supine posi t ion, 
and then push themselves over the edge of the 
bed until their feet contac ted the floor. They 
then grab one crutch, push themselves upright , 
and pick up the second crutch. 

S ix teen pat ients preferred to inflate the or­
thosis whi le they were sitting and either pull 
themselves up by grasping parallel bars or push 
themse lves u p by turning around in front of the 
wheelcha i r and pushing up from the armres ts . 
Three pat ients were brought to 90 degrees on 
the tilt table before inflating the or thosis . 

Joint Stabil i ty 

Three pat ients did not rece ive enough trunk 
support , and 11 pat ients did not have enough 
knee stability (Fig. 5 ) . T h e normal posture in 
the pneumat ic or thosis differs considerably 
from the ex tended posture seen with metal 
or thoses . T h e trunk and hips are in a neutral 
posi t ion in the Or tho -Walk , rather than ex-

tended, and the knees stay slightly flexed. This 
different type of pos ture undoubtedly caused 
many to think that inadequate stability was 
provided . 

Seven pat ients thought the lack of ankle 
stability was a p rob lem. T h e Or tho-Walk pre­
vents plantarflexion by having an anterior strap 
extend to the shoe laces , but a l lows free dorsi­
f lexion. 

T i m e and Dis tance 

Patients wore the orthosis for an average of 
20 minutes a day deflated, and 30 minutes a day 
inflated. The average dis tance traversed was 
5 4 . 0 yards in 24 minutes , or 6 .75 feet per 
minu te . One pat ient , however , covered 300 
yards in 45 minutes , which is a rate of 20 feet 
per minu te . Th i s patient was 5 feet 11 inches 

Fig. 5. Instability of the knees and hips. Although only two 
or three patients had this much instability, 11 patients cited 
this as a major problem. The addition of pads, readjustment 
of laces, or use of a four-tube suit may help to correct this 
problem. 



tall , we ighed 160 p o u n d s , 26 years of age and 
was able to press 260 pounds when weightlifting. 

Donn ing and Doffing 

Twenty- th ree pat ients were able to don the 
orthosis independent ly ; seven needed major 
assis tance and three needed minor ass is tance. 
The t ime needed to don the orthosis ranged 
from eight to 60 minutes and averaged 25 .5 
minutes . 

Twen ty - seven pat ients could doff the orthosis 
independent ly ; two needed major assis tance and 
five needed minor ass is tance. The average t ime 
needed was nine minutes and ranged from three 
minutes to 20 minu tes . 

Fifteen pat ients could independent ly don 
clothes over the orthosis; three needed assis­
tance . 

Transfers , Stairs , Recover ies 

Transfers from a sitting posit ion to a s tanding 
posit ion were made independent ly by 18 pa­
t ients. Four teen needed ass is tance. Approxi ­
mately five therapy sessions of 30 minutes each 
were needed before pat ients could transfer in­
dependent ly . All but six pat ients could deflate 
from a s tanding posit ion independent ly . Pa­
tients were able to achieve this after about four 
therapy sessions of 20 minutes durat ion. 

N o patients were able to c l imb stairs inde­
pendent ly , a l though seven could c l imb them 
with ass is tance. Six pat ients could handle a 
six-inch step or curb independent ly . 

Eight patients a t tempted to learn fall re­
cover ies , but only one could recover indepen­
dent ly. He achieved this by first unfastening the 
abdominal zipper of the or thosis , then jacknifing and c l imbing his walker . 

Gait Patterns 

The most commonly used gait pattern was 
the " s w i n g - t o " pattern, which 17 patients 

adopted . Nine preferred to " d r a g - t o " and nine 
used the " s w i n g - t h r o u g h " pattern (Fig . 6 ) . 

A C C E P T A N C E 

Four teen of the 37 pat ients chose to accept 
the orthosis for regular , if in some cases li­
mited, use . T h e remaining 23 rejected it. 

All of the pat ients accepting the Or tho-Walk 
were males . The average age of this group was 
34 years , whereas the average age of those 
rejecting the orthosis was 30 years . 

The height and weight of the pat ients accept­
ing the orthosis averaged 6 9 . 6 inches and 141.5 
pounds . Four of the patients were descr ibed as 
having normal body bui lds , four were listed as 

Fig 6 Patient learning the "swing-through" gait pattern at 
Coler Hospital, New York. 



thin and six were muscu la r . All three pat ients 
w h o were cons idered obese rejected the or­
thos is . T h e average height of pat ients rejecting 
the or thosis was one-half inch less than those 
accept ing it, and the average weight of those 
w h o rejected it was four p o u n d s greater . 

The age of injury ( t ime from date of onset of 
paraplegia to fitting with the Or tho-Walk) for 
pat ients w h o accepted the pneumat ic or thosis 
was two years less than those w h o rejected it 
(23 m on ths versus 4 7 mon ths ) . 

T h e average lesion level for pat ients w h o 
accepted the Or tho-Walk was T8-T9, whereas 
the level of those w h o rejected it was T5-T6. 

T h e fol low-up t ime for all pat ients was from 
one mon th to e ight m o n t h s . T w o of the pat ients 
w h o were only fol lowed for one month were 
listed as accept ing the or thosis . 

Of the 23 pat ients w h o rejected the or thos is , 
the mos t c o m m o n reasons for rejection were 
excess ive energy consumpt ion and inadequate 
stability at the knees , h ips , and ankles . T w o 
pat ients needed to have their ankles bound 
together in a " h o b b l e " to prevent their legs 
from abduct ing excess ively (Fig . 7) ; lack of 
motivat ion rated next as the reason for rejec­
t ion. T h e mot ivat ional p rob lems general ly oc­
curred once the pat ient real ized the amoun t of 
effort required for s tanding and ambula t ion . 
Four pat ients started out highly mot iva ted , but 
were listed as having poor motivat ion when 
they rejected the or thosis . 

Poor cosmes is was l isted as the reason for 
rejection by three pa t ients , w h o stated that the 
thoracic section was too bu lky , and that wear­
ing c lothes over the or thosis was impractical 
(Fig . 8) . 

Six pat ients preferred their metal knee-
ankle-foot or thoses ( K A F O ' S ) to the Ortho-Walk, and in three cases the reverse was t rue. 
Of the six preferring the metal K A F O ' S , three 
patients used the Craig-Scot t (6) design orthosis 
and three used convent ional des igns . 

Three pat ients listed donning prob lems as 
one reason for the orthosis being rejected. 
These pat ients had higher lesions (T4) and it 
took them from 2 5 - 6 0 minutes to don the 
or thosis independent ly . Wi th ass is tance, the 

donning t ime was considerably shortened. 
Ten pat ients took the orthosis h o m e . Of these 

ten pat ients , two use it daily outs ide of the 
household , for school , work , and social ac­
tivit ies. Three of these pat ients use the orthosis 
daily for household ambula t ion . Of the remain­
ing five pat ients w h o took the Or tho-Walk 
h o m e , one uses it two to three hours a week in 
the ki tchen; another uses it one hour a day for 
exercise ; one patient uses it once a week for 30 
minutes of exerc ise , and two patients use it 
rarely, i . e . , about once a month . 

In s u m m a r y , pat ients w h o accepted the 
Or tho-Walk pneumat ic orthosis were those in 
good physical condi t ion with thin to muscular 
bui lds . A posit ive atti tude towards s tanding and 

Fig. 7. A "hobble" around the ankles was needed on two 
patients to prevent the legs from spreading apart an exces­
sive amount. 



Fig. 8. Patient wearing clothes over the Ortho-Walk. Three 
of the patients who rejected the orthosis complained about 
the cosmesis. 

ambula t ing , combined with good mot iva t ion , 
also appeared to underl ie acceptance . Perhaps 
these pat ients exper ienced a significant 
psychological boost from being upright , which 
justified for them this relatively inefficient 
technique of s tanding and ambula t ing . 

It should also be noted that only those pa­
tients w h o fitted into the standard Or tho-Walk-
size range were selected for the study. If a 
r andom selection process had been used, a 
larger number of pat ients would have fallen 
outside the average height and weight range 
(69 .6 inches and 141.5 pounds) of those pa­
tients accepting the orthosis; and, therefore, a 
higher rejection percentage would have re­
sulted. 

C O M P A R I S O N B E T W E E N V A A N D 
N O N - V A P A T I E N T S 

T h e average age of V A pat ients in the study 
was 8.8 years greater than that of n o n - V A 
patients (35 .6 years vs 26 .8 years ) , main ly 
because there were five V A patients w h o were 
45 years of age or older , with injuries incurred a 
number of years previously . N o n e of the non-
V A patients were of this age . A g e s of injuries 
were also highest in the V A g roups , averaging 
51 months vs 11 months for n o n - V A pat ients . 
Older pat ients with " l o n g - s t a n d i n g " injuries 
were more prevalent in the V A populat ion 
because they general ly kept in closer contact 
with the local V A hospi ta ls , were aware that the 
study was going on , and requested to be par­
t ic ipants . 

Ten of the 23 V A pat ients , or 43 percent , 
accepted the pneumat ic orthosis for the trial 
per iod , whi le only four of the 14 non-VA 
patients (28 percent) accepted it. The probable 
reason for the slightly higher acceptance rate at 
V A hospitals lies in the longer period of train­
ing they provided and their general tendency to 
be freer with their t ime . The private hospitals 
had p rob lems just ifying financially long train­
ing sessions over many weeks . A l so , a few of 
the V A patients w h o were listed as accept ing 
the orthosis were still in training at the end of 
this s tudy, and may have rejected it later. In 
genera l , the private hospitals provided less 
training and discharged pat ients earl ier than V A 
hospi ta ls . 

C O N C L U S I O N S 

O n March 1 7 - 1 8 , 1975 , all part icipants of 
the evaluat ion met at Craig Rehabil i tat ion Hos­
pital in Eng lewood , Co lo rado , to discuss the 
results of the evaluat ion (Appendix E) . The 
part icipants met in a plenary session, then 
divided into three groups: phys ic ians , 
therapis ts , and orthot is ts , to draw conclus ions 
and make recommenda t ions from the evalua­
tion. 

N o age limit was set for patients w h o wish to 
use the or thosis , but the height and weight were 



determined to be crucial factors . T h e partici­
pants agreed with the manufacturer that pat ients 
taller than six feet and in excess of 160 pounds 
require a four-tube suit instead of the s tandard 
three- tube des ign . Pat ients w h o are obese will 
have a min imal success rate and should have a 
cus tom suit des igned if a good fit and proper 
support are to be expec ted . Pat ients with thin to 
muscular body bui lds have the best chance to 
achieve functional s tanding and walk ing . 

People w h o work or s tudy seem to m a k e 
more use of the O r t h o - W a l k because of their 
desi re to be act ive . Lack of accessibil i ty to 
wheelchai rs on a j o b , or e m p l o y m e n t requir ing 
a s tanding posi t ion are both indicat ions for 
lower- l imb or thoses , including the Or tho -Walk 
des ign . 

Pat ients w h o need to be very mobi le , i . e . , in 
and out of cars , p lanes , different bus inesses , 
will general ly be hampered by lower- l imb or­
thoses . T h e Or tho-Walk is contra indicated for 
these people due to the p rob lems with inflation, 
deflat ion, and transfers. 

Prev ious orthotic exper ience does not seem 
to affect the acceptance of the pneumat ic or­
thosis , as six pat ients w h o wear metal K A F O ' S 
preferred them to the Or tho -Walk , but the 
reverse was true for three pat ients . All pat ients 
w h o use the Or tho-Walk outs ide of the hospital 
should also be wheelcha i r independent . It was 
r e c o m m e n d e d that pat ients having success with 
prev ious or thoses are doing well enough and 
should not be encouraged to change to the 
Or tho -Walk . 

T h e et iology of the lesion did not affect the 
results in the or thosis , nor did the level of the 
lesion. In fact, of those w h o accepted the 
or thosis , the three pat ients with the highest 
lesions were a m o n g the most successful users . 
M o r e exper ience dur ing the medical stabiliza­
t ion phase is needed with patients with high 
lesions before any conclus ions can be m a d e 
about the use of the orthosis in this s i tuation. 

A small study at the Miami V A Hospi ta l 
indicated the Or tho -Walk did aid venous return 
and increased the blood pressure and vo lume to 
the k idneys . Therefore , cardiovascular condi­
t ions do not contraindicate the use of the or­

thosis for s tanding, but these pat ients should be 
watched closely , especial ly if ambula t ion is 
a t tempted . 

T h e Or tho -Walk did not impai r the respira­
t ion of any pat ient , and aided one pat ient in this 
respect . 

Spastici ty is not a contra indicat ion to us ing 
the Or tho-Walk . In mos t cases , pat ients stated 
and therapists observed that the severity of 
spasticity was decreased or e l iminated shortly 
after the appl icat ion of the pneumat ic or thosis . 

The presence of decubi tus ulcers does not 
necessar i ly contra indicate use of the Or tho-
W a l k . F ive pat ients with decubit i in areas 
covered by the orthosis did not have any prob­
l e m s , and heal ing cont inued at a normal ra te . 
O n the other hand , there were indicat ions of 
substantial increases in pressure under the suit, 
and (as noted earlier) r edden ing in several areas 
was observed after use . 

A posi t ive att i tude of both the pat ient and the 
rehabil i tat ion t eam is of u tmos t impor tance . A 
negat ive att i tude towards s tanding or towards 
the different type of orthosis by the m e m b e r s of 
the t e am will quickly pass on to the pat ient , and 
the chances of functional s tanding and ambula­
tion will be decreased . 

T h e orthotists conc luded that there were no 
p rob lems with the r e c o m m e n d e d measure ­
m e n t s , that the range of s tandard sizes was 
adequate and that the initial fitting procedure 
was good. N o mechanica l p rob lems were en­
countered with the pneumat ic b e a m s , the A C 
and D C compresso r s , or the inflation valves . It 
was r e c o m m e n d e d that the deflation valve be 
redes igned so it can be left open , thereby 
freeing up the pa t ien t ' s hands whi le the suit is 
deflat ing. This would also allow air to cont inue 
escaping while the wearer is seated. 

Minia tur izat ion of the inflation mechan i sm 
was r e c o m m e n d e d . The por table compressor in 
the present sys tem is too bulky and heavy to be 
carried by a paraplegic whi le he is s tanding, and 
the user must have a compressor available any 
t ime he wishes to s tand. Small C02 - t ype car­
tr idges have been used in the past with minimal 
success , and it is r e c o m m e n d e d that a similar 
approach to inflation be perfected. 



T h e donn ing procedure p roved to be one of 
the major p rob lems with the or thos is . Pat ients 
w h o could don the or thosis independent ly were 
often too exhaus ted to transfer, s tand, and 
ambu la t e . N o solut ion to this p rob lem could b e 
found dur ing the evaluat ion. 

T h e lack of a dorsif lexion stop at the ankle 
caused a few patients to feel uns table , and m a d e 
it necessary for pat ients to use crutches w h e n 
s tanding. Pat ients w h o expec t to use the or­
thosis outs ide of the hospi tal for functional 
s tanding should also receive ankle-foot or thoses 
to p rov ide anterior stability at the ankles . 

P R A C T I C A L I T Y F O R T H E R A P E U T I C U S E 

T h e Or tho -Walk pneumat ic or thoses are 
pract ical for therapeutic use in the medica l 
stabil ization and rehabil i tat ion phases of pat ient 
care in spinal injury when s tanding and ambula­
t ion are desired goals . Cer ta in temporary 
psychologica l advantages seem to be offered, 
and it provides the rehabil i tat ion team with one 
me thod of evaluat ing a pat ient standing before 
any further orthotic prescr ipt ions are m a d e . The 
adjustability and modular i ty of the suits al low 
them to be used on many pat ients . A stock of 
three to six suits can be fitted to most pat ients . 

It is r ecommended that , whenever poss ible , 
any patient w h o may be a candidate for the 
Or tho-Walk receive a m i n i m u m of 40 hours of 
physical therapy in a stock suit of the correct 
size before a suit is ordered specifically for h im. 

P R A C T I C A L I T Y F O R H O M E 
A M B U L A T I O N 

The Or tho-Walk Type B pneumat ic orthosis 
has no real advantages over convent ional or tho­
ses in functional ambula t ion . The advantages of 
light weight is offset by the inconvenience of 
inflation and deflat ion, and the added difficulty 
of c l imbing stairs and recover ing from falls. For 
use on level surfaces in the h o m e , the Or tho-
Walk has proved to be practical . 

P R A C T I C A L I T Y F O R C O M M U N I T Y 
A M B U L A T I O N 

T h e Or tho -Walk pneumat ic or thosis has no 
real advantages over convent ional or thoses for 
commun i ty ambula t ion . In the c o m m u n i t y , the 
d isadvantages of the inflation sys tem and of 
cosmes is are more apparent than in the h o m e . 
The user must either have a number of com­
pressors strategically located in the h o m e , car , 
office, or school , or have an assistant carry a 
compressor with h im. The noise of the com­
pressor when inflating and of air escaping when 
deflating has d rawn attention to the user of the 
orthosis in public p laces . 

S U M M A R Y A N D R E C O M M E N D A T I O N S 

Based upon data col lected from seven hospi­
tals and 37 paraplegic patients with thoracic 
les ions , the fol lowing conclus ions and recom­
mendat ions were m a d e concern ing the Or tho-
Walk Type B pneumat ic orthosis: 

A D V A N T A G E S 

• Less weight than convent ional or thoses . 
• Tempora ry posi t ive psychological reac­

t ion. 
• Cost is reasonable when used as stock i tem 

on many pat ients . 
• Adjustabili ty and adaptabili ty a l lows rapid 

application in the early t reatment phase . 
• Possible energy expendi ture savings during 

ambula t ion . 
• Adequa te trunk support . 

D I S A D V A N T A G E S 

• Difficult and t ime-consuming to don. 
• Inflation-deflation system is impract ical . 
• Provides less support to lower l imbs than 

convent ional or thoses . 
• Cosmes i s is poor , especial ly for w o m e n . 

Convent ional or thoses are more cosmet ic . 



• Mobi l i ty is decreased . Sta i r -c l imbing and 
transfers are more difficult than with con­
vent ional o r thoses . 

• Ma in tenance and repairs mus t be m a d e by 
the manufac turer , necessi ta t ing long wai ts 
due to mai l ing t ime . 

• Cost is h igher than convent ional or thoses 
w h e n used for one pat ient only. 

R E C O M M E N D E D I M P R O V E M E N T S 

1. I m p r o v e m e n t of the inflation-deflation 
sys tem by minia tur iz ing the pressure 
source . A n al ternative solut ion may be the 
addit ion of knee and hip jo in ts . 

2 . M o r e ankle stability be prov ided , specif­
ically to prevent dorsif lexion. 

3 . Venti la t ion of the suit. 
4 . The color of the suit (blue) is not cosmet ic 

and could be improved . 

R E C O M M E N D A T I O N S F O R F U T U R E 
S T U D I E S 

1. A study of the pressures at the interface 
be tween the pneumat ic suit should be 
m a d e . Redness usual ly occurs over bony 
areas when the suit is worn and cl inicians 
are fearful that long- term standing may 
lead to skin b r eakdown . 

2 . M o r e basic b ioengineer ing is needed if 
pneumat ic or thoses are to be m a d e practi­
cal and be universal ly accepted. 

3 . Evaluat ion of other sys tems of mobil iz ing 
paraplegic pat ients should be m a d e , such 
as that under taken by Lehman et al. (6) on 
the Craig-Scot t design knee-ankle-foot or­
thos is , which is used successfully in the 
Denver area. A quanti tat ive study would 
be useful to compare pneumat ic or thoses 
with s tandard knee-ankle or thoses used in 
paraplegic ambula t ion . 

4 . A careful study should be done to verify 
and document reported psychological and 
physiological benefits accruing from the 
use of var ious or thoses . 

C O N C L U D I N G S T A T E M E N T 

The conc lud ing s ta tement of the par t ic ipants 
in the evaluat ion was that the Or tho-Walk T y p e 
B pneumat ic or thosis has the potent ia l for be ing 
a tool in the early rehabi l i ta t ion of spinal-cord-
injured pat ients . Its relat ive adaptabil i ty and 
ease of use in the early rehabil i tat ive phase has 
the advantages of a temporary psychologica l 
lift, early screening of potent ial candidates for 
o r thoses , and possibly aiding and improving the 
phys ica l status of these pat ients . W h e n consid­
ering candidates for the pneumat ic or thosis , 
individual izat ion of pat ients is a mus t , jus t as 
with convent ional o r thoses . 

This study has shown that , as with all new 
ideas , the Or tho-Walk is not a panacea . M a n y 
improvement s must be m a d e before it can equal 
the meri ts of convent ional metal or thoses . The 
idea of pneumat ic splinting for para lyzed peo­
ple is a feasible one , but it still needs much 
work . T h e fact that a private manufacturer can 
research , deve lop , and marke t such an innova­
tive device wi thout outs ide support is an ac­
compl i shment in itself. Ideas such as the 
Or tho-Walk can st imulate research teams in 
different discipl ines to work joint ly for the 
ul t imate goal of bet ter care for the spinal-cord-
injured patient. 
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TABLE I: PATIENTS ACCEPTING THE ORTHO-WALK PNEUMATIC ORTHOSIS 



TABLE II: PATIENTS REJECTING THE ORTHO-WALK PNEUMATIC ORTHOSIS 


