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INTRODUCTION 
B y far the greatest re jec t ion rate a m o n g 

pros thes i s users in the group of lower 
l imb ampu tees is that of the h igh level 
a m p u t e e , i . e . , ve ry shor t a b o v e - k n e e , h ip 
d isar t icula t ion, and comple te or i n c o m ­
plete h e m i p e l v e c t o m i e s (or t rans-pelv is 
amputa t ions ) . In order to assess the state of 
the art in these ca tegor ies , a s tudy w a s in­
i t ia ted in 1980 a m o n g pat ients w h o had 
failed to ga in sat isfact ion from thei r pros­
theses and had ul t imately resor ted to am­
bula t ion o n cru tches ra ther than b e re­
s t r ic ted b y unga in ly and awkward artificial 
l i m b s . 

N u m e r o u s letters wr i t t en to wel l - re ­
spec ted pros the t i s t s , phys i c i ans and re­
hab i l i t a t ion eng ine e r s a round the wor ld 
sol ic i ted o p i n i o n s on the apparent lack of 
success in fi t t ing these c l ien ts . After com­
pi l ing the data from these sources , a n d an 
ex tens ive l i terature search, no def ini t ive 
protocol or fi t t ing t e c h n i q u e e m e r g e d to be 
u sed as a base for further deve lopmen t 
(Figure 1 ) . As wel l , direct pa t ien t feedback 
on a n u m b e r of pros thet ic des igns wi th 
readi ly avai lable c o m b i n a t i o n s of pros­
thet ic j o i n t s and socket mater ia ls s h o w e d 
n o apparent inc rease (or decrease) in 
pros the t ic use b y ampu tees . 

In 1982, several ampu tees were aga in 
fitted w i t h sl ightly different c o m b i n a t i o n s 
of c o m p o n e n t s and sockets . T h r o u g h the 

use of ques t ionna i r e s , speak ing to o the r 
profess ionals in the field, and cl ient feed­
back , a pat tern b e g a n to deve lop w h i c h 
ident i f ied the areas of greatest conce rn to 
the pat ient . S o m e o f these w e r e as fol­
lows: socket d iscomfor t , mobi l i ty , w e i g h t 
of p ros thes i s , insecur i ty , and ene rgy ex­
pendi tu re . 

Figure 1. Hip disarticulation prosthesis fabricated in 
Japan (Yaesu-Labour Corp.) consisting of a diagonal 
polypropylene socket and knee rotator and adjusta­
ble multiaxial foot. 



METHODOLOGY 
Uti l iz ing the rehabi l i ta t ion eng inee r ing 

gai t laboratory of the Royal O t t awa R e ­
gional Rehab i l i t a t ion Cen t re , angle- t ime 
d iagrams from h i p , knee , and ankle jo in t s 
w e r e r eco rded b y e l e c t r o g o n i o m e t e r s ; 
graphs were plot ted b y a P D P 1 1 compute r 
to focus on such concerns as mobi l i ty , 
speed , and ene rgy expendi ture . The s a m e 
was done for s tep length , force d isp lace­
m e n t , and we igh t d is t r ibu t ion as recorded 
b y a force platform. A spli t image v ideo 
recording projected the pa t ien t s imul tane­
ously from a lateral aspect as wel l as from 
an anter ior or pos te r ior v iew. T h i s latter 
feature was ex t remely helpful in analyz ing 
the var ious stages o f the gai t cycle , as the 
record ing could be replayed frame b y 
frame. 

T h e ampu tee also found v i ewing the 
v ideo tapes helpful in under s t and ing w h y 
he / she walked in a certain fash ion . O n c e 
taught h o w to correct these gait faults, the 
ind iv idua l did so qui te readily. B y cross 
e x a m i n i n g bo th v ideo record ings and 
compute r graphs , the pros thet i s t w a s ab le 
to align the pros thes i s more accurately. 

T h e amoun t o f ene rgy expendi ture re­
qu i red to walk (at a s tandard wa lk ing rate) 
wh i l e wea r ing different pros theses can b e 
measu red b y an oxygen c o n s u m p t i o n 
analyzer . By m e a s u r i n g energy expend i ­
ture, it ha s b e e n o b s e rv ed w h i c h type of 
pros thes i s requi res the least oxygen con­
sumpt ion . T h i s obse rva t ion should affect 
future prosthet ic des igns . 

AREAS OF CONCERN 
• Socket Discomfort 

T h e locat ion of greatest p ressure is usu­
ally on the ischial tuberos i ty w h e r e mos t o f 
the we igh t is b o r n e , bo th in wa lk ing and 
s i t t ing. M o s t conven t iona l sockets w i th 
r ig id or semi- r ig id polyes ter l amina t ions 
or thermoplas t ics are only s l ight ly padded 
wi th felt, P E L I T E or leather in this area. In 
some cases , we igh t w a s bo rne in the sym­
phys i s pub i s area w h i c h resul ted in an a b ­
ducted gait and awkward sitting positions 
(Figure 2 ) . 

Pa t ien ts compla ined o f skin b r e a k d o w n , 
heat rashes and general discomfort . T h e y 
also compla ined of p rob l ems from the 
proximal socket r im w h i c h t ended to dig 
into the lower r ibs dur ing s i t t ing and 
b e n d i n g , usually leaving large b ru i se s . 

S o m e of these compla in t s were ove rcome 
b y us ing rubbe r i zed sockets fabr icated 
from var ious commerc i a l R T V s i l icone 
rubbe r s , e .g. , I P O C O N * or O R T H O S I L * . 
S o m e cus tom socket changes to create dif­
ferent we igh t -bea r ing areas i . e . , be low the 
iliac crest , p roved satisfactory in several 
cases . Fur ther s tudies need to b e done to 
fully assess the advantages and d isadvan­
tages o f the use of these materials (Figures 3 
and 4 ) . 

• Mobility 
Lack o f mob i l i t y can lead to painful a n d 

embarrassing situations. Most patients 
compla ined of the necess i ty of thoroughly 

Figure 2. Standard Otto Bock design with 7E4 hip 
joint, semirigid acrylic laminated socket, showing 
significant distance between the ischial tuberosity 
and the bottom of hip joint mechanism. 



Figure 3. Silicone socket indicating the amount of 
flexibility. 

Figure 4. Indicating the deformation of the rubber 
socket in extreme trunk bending position. 

p lann ing ahead , once away from the i r 
famil iar h o m e or w o r k i n g env i ronmen t . 
W i t h i n the area of mobi l i ty , two conce rns 
arise for the ampu tee—ve loc i t y and m a ­
neuverabi l i ty . 

M o s t amputees are qu i te adept at crutch 
wa lk ing and can cover a larger d i s tance in a 
shor ter per iod of t ime on crutches than b y 
walk ing wi th their p ros theses . In a n u m b e r 
of cases , to encourage pros thes i s u se , spe­
cial h ip and knee ex tens ion ass is ts were 
used to increase the veloci ty of wa lk ing . 
H o w e v e r , n e w but undes i rab le e l ements 
were b rough t in to play b y these adapta­
t ions . T h e s e add i t iona l fea tures w e r e 
eventua l ly rejected b y all pa t ien ts (Fig­
ure 4 ) . 

Maneuve rab i l i t y is a dai ly p r o b l e m en­
counte red b y h ip disar t icula t ion pa t ien ts 
on a large scale. S o m e o f these p rob lems l ie 
in the type of terrain covered , lack o f space 
to maneuve r , and the m o t i o n of s i t t ing and 
s t and ing . 

• Weight of Prosthesis 
T h e average we igh t o f the h ip disar t icu­

lat ion pros thes i s var ies from four to n ine 
k i l og rams—depend ing on the addi t ional 
opt ional extras in the p ros the s i s—which is 
general ly d e e m e d acceptab le . The use of 
to rque abso rbe r s , 4 - b a r l inkage h ip and 
knee jo in t s , and mult i -axial feet all add 
s igni f icant ly to the overall we igh t . T h e 
se lec t ion o f l ighter mater ials for the c o m ­
ponen t s as wel l as for the socket is of great 
impor tance . 

• Insecurity 
T h e fear o f falling unexpec ted ly is a great 

conce rn to mos t h ip disar t icula t ion am­
putees . Desp i t e the use o f mechan ica l ly 
soph is t i ca ted h ip and knee j o i n t s , u s ing 
self- locking a n d brak ing m e c h a n i s m s , ex­
t e n s i o n ass i s t s p rope l l ed b y s p r i n g s , 
pneuma t i c or hydraul ic cy l inders , i n secu ­
ri ty still r ema ins w i t h the pat ient . T h e use 
o f more than o n e pros the t ic foot w i th var i ­
ous hee l he igh t s and/or the use of a T-handled Allen key can alleviate the p rob lem of 
ma in t a in ing proper a l ignment to a cer ta in 
extent , w h e n c h a n g i n g hee l he igh t s of 
footwear . 

Tes t ing the s t ronger musc le groups in 
the pe lv ic reg ion has p roduced good m y o ­
si tes to explore the poss ib i l i ty o f voluntary 
jo in t cont ro l in the h ip and knee jo in t s . 
Inves t iga t ions b y var ious researchers are 



Figure 5. Otto Bock 7E4 hip joint with hip flexion bias 
system (HFB) added for initiating hip flexion. 

Figure 6. Otto Bock components: 7E7 hip joint, SR20 
knee joint and Teh Lin multi-axial foot. 

deal ing wi th th is i s sue . Present ly , n o 
motor -dr ive uni ts or other safety m e c h a ­
n i s m s are commerc ia l ly avai lable for us to 
test this feature at the present t ime . 

• Cosmesis 
C o s m e s i s plays jus t as impor tan t a role as 

the mechan i c s o f the p ros thes i s . Mos t endoskeletal pros theses offer a much be t te r 
cosmet ic appearance than exoskele ta l de­
s igns . H o w e v e r , there are still s o m e draw­
backs wi th bo th des igns . T h e socket area 
enve lop ing the ent i re pelvis adds s igni f i ­
cant ly to the h ip and wais t c i rcumference . 
T h e dis tor t ion of the h ip area from s tand­
ing to si t t ing should also b e cons ide red in 
redes ign ing the total shape . The appear­
ance o f the s i t t ing pos i t ion was also i m ­
proved by levell ing the pelvis through the 
use of two n e w hip jo in t s (See Figures 5 and 
6 ) . Mos t o f our test pat ients were e i the r 
fitted w i th the O t t o Bock 7B7 or 3R21 jo in t . 
Undes i r ab le no i ses produced b y s o m e 
jo in ts as well as foam covers are present ly 
under inves t iga t ion . 

TECHNICAL 
INFORMATION ON 
PRESENT DESIGNS 

In the early s tages of the project , our 
m a i n concern was to m a k e the socket as 
l ight and thin as poss ib le u s ing 100 percent 
f lexible acrylic res ins wi th lay ups cons is t ­
ing of per lon, nylglass and f iberglass rein­
forced tricot as well as fiberglass mat te . 
T h e s e socke t s were up to 50 percent l ighter 
as compared to those d o n e by the s tandard 
me thods of fabr ica t ion . Howeve r , the pa­
t ients did not g ive any def in i t ive r e sponse 
as to w h e t h e r this actual ly produced any 
advantages . 



Figure 7. Otto Bock components: 3R21 hip joint, 3R20 
knee joint and 4R39 torque absorber, with a 1A13 
Greissinger foot. 

Figure 8. Finished prosthesis with silicone rubber 
socket and "Fix-Lock" fasteners. 

T h e nex t s tage w a s the incorpora t ion o f 
s i l i cone gel pads o n top of or in b e t w e e n 
the plastic l amina t ions . S o m e felt s o me­
w h a t more comfor tab le , bu t the s l ight e le­
va t ion in s i t t ing p roved an addi t ional 
nega t i ve factor. The rmop la s t i c socke ts 
made of surlyn and po lypropylene were 
also a t t empted , bu t w i thou t conc lus ive 
ev idence that we were on the " r igh t t r ack . " 
It w a s no t unti l I rece ived a let ter w i th 
pho tographs from Dr. H a n n e s Schmid l in 
Bo logna , Italy, that w e ser ious ly cons id ­
ered fabr icat ing rubbe r i zed sockets . T h e 
s tandard D o w C o r n i n g # 3 1 1 0 was ini t ial ly 
used in do ing a 3-part l amina t ion . 

First , w e did the " i n n e r " socket wi th s ix 
layers of per lon s tockine t te ; then a partial 
r ig id acrylic w i th f iberglass and per lon 
l amina t ion incorpora t ing the h ip jo in t 
ha rdware . Final ly, the th i rd l amina t ion 
w a s done s imilar ly to the first o n e . A n an­
ter ior o p e n i n g wi th an internal ly "bu i l t i n " 
tongue was ob t a ined . H o w e v e r , after only 
a shor t trial per iod , the separate l amina ­
t ions b e c a m e de tached from each other . 
Severa l o ther c o m b i n a t i o n s were a t temp­
ted, s ince the ini t ial pa t ien t feedback on 
the rubbe r i zed sockets was ex t remely en­
courag ing . 

O u r p resen t des ign is done in two parts 
(Figure 7 ) . T h e first o n e , in six layers of 
per lon and ca rbon f iber con t a in ing the h ip 
j o in t ha rdware , is done over a PVA bag 
unde r w h i c h are six layers of per lon s tocki ­
net te nex t to the cast . 

T h i s l amina t ion is t r i m m e d to the ap­
propr ia te s ize and shape and rep laced on 
the mold in b e t w e e n the first and s econd 
layer o f six per lon s tockine t tes . T h e r igid 
plate is previous ly coa ted wi th s i l icone ad­
hes ive w h i c h is a l lowed to cure for two 
hours . 

T h e s econd lamina t ion is done wi th 
I P O C O N r u b b e r us ing a pos ter ior open­
ing . T h e locat ion and s ize o f the tongue is 
ve ry cri t ical . Ins tead of us ing Velcro® type 
fas teners , we use three F ix lock+ c lasps w i th 
w e b b i n g fas tened to the socket w i th plast ic 
r ivets (Figure 8 ) . 



Severa l o ther r o o m tempera ture vul­
can i z ing mater ia ls have b e e n t r ied , in­
c l u d i n g O r t h o s i l , w h i c h p r o v e d t oo 
" f l o p p y " and heavy for our n e e d s . 

T h e ini t ial advantages of the r u b b e r 
were : 

1. Increased f reedom of m o v e m e n t in all 
d i rec t ions w i thou t inc reas ing ins ta ­
bi l i ty. 

2 . Inc reased total contact in s i t t ing , 
s t and ing or ly ing down , g iv ing the 
pa t ien t more overall comfor t . 

3. Increased suspens ion through the 
h igh friction coeff ic ient o f the rub ­
be r i zed i n n e r surface. 

T h e ini t ial d i sadvantages of the r u b b e r 
we re : 

1. Increased overall we igh t o f the pros­
thes i s . 

2 . Increased hea t r e ten t ion , caus ing per­
spira t ion. 

3. Clo thes s t i ck ing to the ou te r surface of 
the socket . 

4 . Difficulty in m a k i n g al terat ions o r 
do ing repai rs . 

SUMMARY 
T h e s e i ndependen t f ind ings form a bas i s 

for further inves t iga t ion in to pr ior i t ies for 
the r edes ign of h i p d isar t icula t ion p ros the­
ses in w h i c h the w e a r i n g of the l i m b wil l b e 
o p t i m i z e d and normal i zed (Figure 9 ) . 

I w a n t to give a spec ia l word o f thanks to 
the m a n y col leagues w h o have par t ic ipa ted 
in s e n d i n g informat ion , in m o s t cases not 
p u b l i s h e d yet , o n the i r o w n recent at­
tempts to improve the h ip disar t icula t ion 
p ros thes i s . A specia l thank y o u to Mr . B . 
Wes te r and Mr. P. T iu l w h o s e art icle dealt 
w i th pure specula t ion , w h i c h in our es t i ­
ma t ion has p roven to b e ve ry helpful in 
p rov ing that a k n e e j o i n t can b e success ­
fully used as a h i p jo in t . 

S o m e of the pa t ien t s referred to us were 
ini t ial ly fitted ou t s ide our geographica l 
area. O n c e they had re turned h o m e , they 
were referred back to thei r or ig ina l prosthetists, to w h o m w e sent as m u c h infor­
ma t ion as poss ib le to he lp them b e c o m e 
famil iar w i th thei r pa t ien t ' s n e w pros the­
ses . 

It is an t ic ipa ted that at the e n d o f 1985 a 
" h a n d s - o n " s emina r wi l l b e o rgan ized to 
inv i te as m a n y in te res ted pros the t i s t s (and 
pa t ien ts ) to par t ic ipate in an informat ion 
exchange cl inic in O t t awa . T h i s s tudy is 
still in its infancy and the au thor in tends to 
pub l i sh updates at regular intervals to keep 
the pros the t ic field in formed. 
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