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INTRODUCTION 

As stated in an ear l ier repor t , 1 w h e n an 
or thos is is appl ied to the knee , it should , 
hypothet ica l ly , al low a full, unres t r ic ted 
range o f mot ion to occur , except at appro
priate l imi ts of mo t ion w h e r e or thot ic con
straints are in tent ional ly in t roduced . Th i s 
ideal s i tuat ion is l imi t ed by the type of 
avai lable or thot ic jo in t s incorpora ted into 
knee o r thoses . W h e n us ing or thot ic knee 
jo in t s w h i c h are unab le to follow the m o 
t ion pa thways o f the natural j o in t , a t ighter 
fi t t ing interface wil l magnify the p i s ton ing 
cons t ra in t due to the mot ion mi sma tch 
b e t w e e n the or thot ic and natural j o in t , 
caus ing pat ient d iscomfor t , mo t ion re
s t r ic t ion, and misa l ignmen t of the or thos i s 
(Lew, et al. (1982) 2 ) . 

In the first part o f this report , it was 
s h o w n that an improved orthot ic knee j o in t 
sys tem was des igned , wh ich decreased the 
p i s ton ing effect b y a l lowing the or thot ic 
jo in t s to more closely imi ta te the natural 
knee k inemat ics (Lewis , et al. (1983) 1 ) . 
T h e s e s e m i - c o n s t r a i n e d , ana tomica l ly -

shaped jo in t s allow i m p r o v e m e n t s in or
thot ic suspens ion to b e real ized, s ince a 
t ighter f i t t ing or thos is wi th these jo in t s 
wil l not increase the p i s ton ing const ra in t . 

A second knee or thos is r equ i r emen t is 
that the or thot ic interface should be de
s igned to compl imen t the funct ion o f the 
or thot ic j o in t s , in the sense that the inter
face should b e able to be modi f ied to 
handle part icular knee ins tab i l i ty p rob 
l ems . 

T h i s report will con ta in a descr ip t ion of a 
knee or thos i s incorpora t ing an improved 
or thot ic j o i n t des ign , its b i o m e c h a n i c a l ra
t ionale , s ignif icant features of the fabrica
t ion and fit t ing p rocess , and a descr ip t ion 
o f several case s tudies . 

F igures 1-A through 1-D present four 
v i e w s o f the p roposed knee or thosis w i th 
"co l la te ra l" or thot ic jo in t s . T h e jo in t s ide 
bars are a t tached to the proximal and distal 
interface c o m p o n e n t s , w h i c h are in turn 
c i rcumferent ia l ly su spended in the th igh 
and calf reg ions b y b road s t raps. To insure 



Figure 1-A. Four views 
of a representative com
pleted orthosis with 
collateral-type orthotic 
joints—anterior view. 

Figure 1-B. Lateral view. Figure 1-C. Posterior 
view. 

Figure 1-D. Medial view. 

adequate f ixation of the or thos i s , the 
interface c o m p o n e n t s are accompan ied b y 
a media l femoral suspens ion pad and a 
proximal t ibial suspens ion pad, each wi th 
its o w n associa ted s t rapping a r rangement . 
Mater ia ls o f the above or thot ic componen t s 
vary wi th the appl icat ion at hand , and wil l 
b e desc r ibed later in this report . 

BIOMECHANICS OF KNEE 
ORTHOSIS SUSPENSION 

A bas ic feature of the p roposed or thosis 
is the use o f a " four -po in t " suspens ion 
pr incip le rather than a " th ree -po in t " fixa
t ion, as is c o m m o n l y prac t iced in or thot ics . 
Three -po in t support is su i table for sta
b i l i z ing a jo in t if l igamentous integr i ty 
and constra int exist across the jo in t , bu t is 
inadequa te wi th a l igamentous defici t , 
w h i c h is f requently the case requ i r ing the 
appl ica t ion of a knee or thos is . 

The l imi ta t ion of the three-point f ixation 
sys tem in the uns table knee is d e m o n 
strated in F igures 2 - A through 2 - E . W h e n 

suspens ion forces are appl ied to a jo in t 
(Figure 2 -A) with a deformity (Figure 2 - B ) , 
the functional forces, and the m o m e n t s 
they create , will t end to b e n d and shear the 
jo in t . W i t h three-poin t support (Figures 
2 - C , 2 - D ) , one segment of the l imb can b e 
held in place at any one ins tant ; howeve r , 
only one force r ema ins to support the sec
ond b o n y segment . Even though the po in t 
of appl icat ion of this force m a y r ema in 
f ixed, the l imb s e g m e n t can rotate about 
the s ingle support poin t , caus ing a shear
ing or d i sp lacement mot ion at the jo in t , 
w h i c h is the very mo t ion that is to b e pre
ven ted . B y contrast , as shown in Figure 
2 - E , a four-point f ixat ion sys tem wil l allow 
two suspens ion poin ts on each l i m b seg
men t , thus control l ing and prevent ing 
mot ion of bo th segmen t s . 

The or thot ic interface c o m p o n e n t s and 
s t rapping a r rangement should be such 
that , g iven an ins tabi l i ty d i rec t ion (such as 
varus, valgus , anter ior or pos ter ior drawer , 
rotat ional , e t c . — a n y o f w h i c h can b e rep
resented b y the ske tches in Figures 2-A 
through 2 -E) , they are capable of be ing al
tered in structure or pos i t ion , to apply the 



Figures 2-A through 2-E. Sketches representing the knee joint and lower limb segments: (A) with a deformity; 
(B) showing the effect of a "three-point"; (C, D) a "four-point"; (E) orthotic suspension. 



four forces and resul t ing m o m e n t s neces 
sary to provide s tabi l i ty or correct a defor
mity, and control mot ion at the jo in t . D e 
tails conce rn ing the suspens ion c o m p o 
nents of the p roposed or thos i s , together 
w i t h the i r appl ica t ion in the restraint of 
var ious ins tab i l i t i es , wil l b e presen ted 
be low. 

SIGNIFICANT 
FABRICATION FEATURES 

A standard plaster negat ive impress ion 
is t aken of a pa t ien t ' s lower l i m b . As the 
plaster se ts , cons tant pressure is appl ied to 
the media l femoral supracondylar region , 
so that the impress ion retains an accurate 
descr ip t ion of the ind iv idua l ' s ana tomy in 
th is area. An accurate impress ion of the 
med ia l t ibial flair region is also ob ta ined . 
The pos i t ive plaster impress ion is then 
m a d e and modi f ied , wi th e m p h a s i s g iven 
to the parallel bu i ldups on bo th s ides o f the 
knee , to ensure that or thot ic j o in t s are 
parallel to each o the r and perpendicular to 
the jo in t space . S ideba r s con ta in ing the 
orthot ic jo in t des igns are con toured to the 
pos i t ive plaster impress ion , so that the 
jo in t space of each or thot ic jo in t is located 
at the level o f the natural j o in t space , mid
way in the anter ior -pos ter ior plane of 
the knee . In the comple ted or thos is , it is 
in tended to place the or thot ic j o in t s as 
closely as poss ib le to the natural knee jo in t . 
Proximal and distal interface c o m p o n e n t s 
are fabricated b y vacuum-fo rming a ther
moplas t ic over the pos i t ive plaster impres 
s ion. In this p rocess , the orthot ic jo in t 
s idebars are mechan ica l ly t h e r m o b o n d e d 
to the interface, w h i c h is i tself c o m p o s e d o f 
two layers of thermoplas t ic t h e r m o b o n d e d 
to each other . U s i n g the media l femoral 
supracondylar depress ion on the pos i t ive 
plaster impress ion , a media l femoral sus
pens ion pad is fash ioned out of any poss i 
ble n u m b e r of mater ia ls (acrylic cemen t , 
hard rubbe r , e tc . ) , and is securely a t tached 
to the proximal media l j o in t s idebar . F ig
ures 1-A through 1-D present the four 
v i ews of a comple ted or thosis wi th "col lat
era l" or thot ic jo in t s . Detai ls o f several fea
tures o f the or thos i s , as wel l as the i r ra t ion
ale, are desc r ibed be low. 

INTERFACE SUSPENSION 
IMPROVEMENTS IN THE 
NU ORTHOSIS SYSTEM 
Medial Femoral Suspension Pad 

Figure 3-A. Inside view (posterior aspect) of the me
dial femoral suspension pad. Note the thin layer of 
padding covering the acrylic cement. 

A c o m m o n problem which occurs wi th 
knee orthoses is distal s l ippage during 
function. To provide additional resis tance 
to this s l ipping, the orthosis incorporates a 
suspens ion pad in the medial femoral su
pracondylar region. The basic geometry of 
this medial femoral suspens ion pad is 
shown in Figure 3 -A, and its fabrication is 
descr ibed in the previous sect ion of this 
report. Th is particular pad is m a d e from a 
cold-curing acrylic cement wi th a thin pad
ded cover ing, al though other materials such 
as hard rubber can b e used, depending 
upon the clinical s i tuat ion. The th ickness of 
the medial femoral pad can b e varied. For 
example , g iven a post-surgical or post- in
jury condi t ion wi th associated muscular 
atrophy, the pad can b e ground away and 
resurfaced (decreasing its depth) as the vol
ume o f the thigh musculature increases 
during the rehabil i tat ive physical therapy 
process. 



Figure 3-B. Outside view (posterior aspect) of the 
medial femoral suspension pad and associated strap. 
Note the pad and strap attachments to the inner and 
outer surfaces of the medial orthotic sidebar, respec
tively. 

Figure 3-C. Medial femoral pad engages the medial 
femoral supracondylar region. 

Figures 3-B and 3-C show that the medial 
femoral suspens ion pad is securely at tached 
to the inner surface of the media l orthotic 
jo int s idebar . To insure that the medial fe
moral pad is securely placed against the 
femur, a strap w h o s e or igin is on the outer 
surface of the medial orthotic jo in t s idebar 
(Figures 3 -B and 3-C) encircles the thigh 
anteriorly (Figure 3 -D) , and reattaches over 
the broad strap of the proximal interface 
(Figure 3-E) . T igh ten ing this strap pulls the 
thigh (medial femoral supracondylar re
gion) against the media l femoral suspens ion 
pad (Figure 3-E) . T h e clinical s ignif icance of 
the forces generated by this pad and strap, 
as they pertain to the four-point suspens ion 
system, will be descr ibed later in this re
port. 

Proximal and Distal Interface 
Components 

T h e des ign cri ter ia for proximal and 
distal interface c o m p o n e n t s are that they 
should b e : 

• r igid and s t rong e n o u g h to wi ths t and 
repea ted funct ional loads , or correct 
and hold a deformi ty 

• l igh tweight 
• unob t rus ive and cosmet ica l ly accept

able 
• comfor table 
• able to b e modi f i ed to genera te differ

ent c o m b i n a t i o n s of four-point sus
pens ion forces 



Figure 3-D. Strap for the medial femoral pad encircles 
the thigh anteriorly, pulling the thigh against the pad. 

Figure 3-E. Completed strapping arrangement for the 
medial femoral suspension pad. 

T h e proximal and distal interface c o m 
ponen t s of the major i ty o f p roposed or tho
ses fabr icated to date (part icularly athlet ic 
appl ica t ions) cons i s t o f a copo lymer , wi th a 
c o m p o s i t i o n of ten percent po lye thy lene 
and 90 percent po lypropylene . T h i s type of 
plast ic has excel lent r igidi ty, is l ight
we igh t , and is a thermoplas t ic in that it has 
good workab i l i ty wi th vacuum-fo rming . A 
comple ted or thoses us ing th is co -po lymer 
w e i g h s approximate ly one and one-ha l f 
pounds . For s o m e non-a th le t ic appl ica
t ions , an acrylic plast ic wi th a r u b b e r addi
t ive (P lex ig lass -DR, R h o m , and Haas) is 
used . T h i s plast ic is contact clear and h igh 
impac t res is tant . A third type of interface 
mater ia l , used in geriatr ic appl ica t ions , is a 
foamed polyvinyl chlor ide (Foamex , Alu-

suisse Meta l s , I nc . ) . It is ext remely l ight
we igh t , yet has adequa te r igidi ty . 

A lmos t all of the or thoses fabr icated to 
date have b e e n of the pos ter ior o p e n i n g 
type (F igures 1-A th rough 1-D). As de
sc r ibed earl ier , the proximal and distal 
interface c o m p o n e n t s are cons t ruc ted b y 
vacuum-fo rming two layers of the rmo
plastic over the pos i t ive plaster impres 
s ion , p rov id ing a r ig id interface a long wi th 
a m e t h o d of mechan ica l ly a t taching the 
or thot ic jo in t s idebars (Figure 1-D). T h e 
interface c o m p o n e n t s are s u s p e n d e d circumferentially in the th igh and calf reg ions 
b y b road straps c o m p o s e d o f g u m r u b b e r 
wi th a lea ther b a c k i n g . These straps or ig i 
nate (a t tached wi th r ivets) just posterior to 
the t h e r m o b o n d e d s idebars , encirc le the 



l i m b segmen t s , and attach again v ia Velcro® str ips on the an ter ior surfaces o f the 
proximal and distal c o m p o n e n t s . No te that 
the straps avoid the popl i teal r eg ion , in 
sur ing pa t ien t comfort . Th i s plast ic and 
s t rapping a r rangement provides for r ig id 
interface c o m p o n e n t s , yet , b ecause of the 
s t rapping , the c o m p o n e n t s can a c c o m m o 
date the vo lume changes of the lower l i m b 
muscula ture dur ing ac t iv i t ies . 

B e c a u s e o f the vacuum-fo rming tech
n i q u e , the t r im l ines o f the proximal and 
distal interface c o m p o n e n t s can b e m o d i 
fied to the specif ic cl inical s i tuat ion at 
hand . F igures 1-A through 1-D s h o w 
typ ica l ly -shaped in terface c o m p o n e n t s . 
H o w e v e r , if the o r thos i s is i n t ended to cor
rect cer ta in deformi t ies , as wil l b e de
sc r ibed in some o f the case s tud ies , the 
proximal and distal interface c o m p o n e n t 
t r im l ines can b e al tered, c rea t ing a more 
b road or local ized c o m p o n e n t , d e p e n d i n g 
u p o n the s i tuat ion. 

Proximal Tibial Suspension Pad 
T h e proximal t ibial s u s p e n s i o n pad and 

two assoc ia ted s t raps are s i tua ted jus t 
p rox imal to the distal interface c o m p o n e n t , 
distal to the jo in t space (refer to F igure 
4 - A ) . The pad is fabr icated b y heat fo rming 
F o a m e x (Alusuisse Meta l s , Inc . ) over the 
t ibial tuberc le reg ion of the pos i t ive plas ter 
impre s s ion , and is a t tached wi th a short 
strap to the lateral j o in t s idebar . 

T h e first s tep in d o n n i n g the proximal 
t ib ia l pad is to enc i rc le the upper calf re
g ion wi th the top strap in F igure 4 - A , such 
that it passes poster ior ly unde r the med ia l 
j o in t s ideba r (Figure 4 - B ) , a round the calf 
and over the lateral j o in t s idebar , and at
taches w i th Velcro® on the an ter ior surface 
o f the proximal t ibial pad (Figure 4 - C ) . The 
bo t t om strap in F igure 4 - A is then looped 
a round the media l j o in t s idebar (Figure 
4 - D ) , pa s sed a round the upper calf r eg ion , 
ove r the lateral s idebar , and b e c o m e s at
tached wi th Velcro® on the an ter ior surface 
o f the proximal t ibial pad (Figure 4 - E ) . 

T h e force sys t em genera ted b y the 
p rox imal t ibial pad and straps in F igures 
4 -A through 4 - E is s h o w n b y the cross sec
t ional ske tches in F igure 5 -A and 5 - B . 

Figure 4-A. Proximal tibial suspension pad with two 
associated straps. Note that the pad is attached to the 
lateral orthotic joint sidebar. 

Figure 4 -B . The upper strap is the first to be secured, 
as it is passed under the medial joint sidebar and 
around the upper calf region. 



Figure 4-C. The upper strap continues around the 
posterior calf, and passes over the lateral joint side
bar. The upper strap is secured by a Velcro® bond to 
the anterior surface of the proximal tibial pad. 

Figure 4-D. The lower strap is initially looped around 
the medial joint sidebar. 

Figure 4-E. The lower strap is then passed around the 
upper calf, outside of the lateral sidebar, and is se
cured by a Velcro(R) strip on the anterior surface of the 
proximal tibial pad. Both upper and lower straps are 
properly attached in this photograph, securing the 
proximal pad to the limb and orthosis. 

W h e n the pad is a t tached to the lateral j o in t 
s idebar , and the top strap (the one w h i c h 
encirc les the calf itself) is t igh tened , the 
pad and strap create a m o m e n t w h i c h 
forces the t ibial pad to pivot abou t the lat
eral j o in t s idebar , d isp lac ing it poster ior ly 
and rotat ing it internally (Figure 5 -A) . The 
bo t t om strap, on the other hand , acts to 
hold the upper t ib ia in its neutral pos i t ion , 
p rov id ing a l imit to the act ion of the top 
strap. T h i s type of a r rangement would b e 
used on a knee wi th an anteriolateral ins ta
bi l i ty (anter ior cruciate-lateral capsule in
suff ic iency) , s ince it would prevent this in
stabi l i ty b y forcing the knee poster ior ly 
and into internal rotat ion. 

If the s t rapping a r rangement was such 
that the proximal t ib ia l pad was ini t ial ly 
a t tached to the media l rather than lateral 
jo in t s idebar , t i gh ten ing the top strap 
would force the t ib i a poster ior ly and rotate 
it external ly (Figure 5 - B ) . Th i s a r rangement 
wou ld b e used to restrain a knee wi th an 
an tero-media l ins tab i l i ty (anter ior cruci
ate-medial collateral and/or medial capsule 



Figure 5-A. If the proximal tibial pad is attached to the lateral joint sidebar, tightening the upper strap in Figure 
4-A—which encircles the calf itself—displaces the tibia posteriorly and rotates it internally. 

Figure 5-B. If the proximal tibial pad is attached to the medial orthotic joint sidebar, tightening the upper strap 
displaces the tibia posteriorly and rotates it externally. 



insuff ic iency) . Note that in th is case , the 
p rox imal t ibial pad straps are appl ied in 
the s a m e w a y as desc r ibed a b o v e , the on ly 
difference b e i n g that the pad is secured to 
the media l ra ther than lateral j o in t s idebar . 

The fol lowing is an example of h o w the 
proximal t ibial pad can interact w i th the 
o ther s u s p e n s i o n c o m p o n e n t s to p rov ide 
knee stabil i ty. If an or thosis is p laced on a 
knee wi th the ob jec t ive of r educ ing an
ter ior d i sp lacement o f the t ib ia , the proxi 
mal tibial pad is p laced anteriorly, as in 
F igu res 4 - A through 4 - E . T h e four-point 
s u s p e n s i o n forces genera ted b y the or
thos is are s h o w n by the sketch in Figure 
6-A. W h e n c o m b i n e d wi th the anter ior ly-

directed force of the distal interface c o m 
ponen t , the pos ter ior ly-di rec ted force of 
the p rox imal t ib ia l pad creates a m o m e n t 
w h i c h forces the t ib i a poster ior ly, as wel l as 
s t ra ightens the t ib ia , thus p reven t ing it 
from p ivo t ing abou t the distal interface 
c o m p o n e n t . T h e anter ior ly-directed force 
of the proximal interface c o m p o n e n t com
b i n e s w i th the pos ter ior ly-di rec ted force of 
the media l femoral s u s p e n s i o n pad (wi th 
i ts strap enci rc l ing the th igh anter iorly, 
t he reby forcing the th igh poster ior ly) to 
create a m o m e n t control l ing the m o t i o n 
prox imal to the jo in t . T h u s , the above four 
forces l imi t the an ter ior d i sp lacement o f 
the t ib ia and control the m o t i o n at the j o i n t . 

Figure 6-A. Four-point suspension forces generated by the orthosis to control anterior subluxation of the tibia. 
Note the anterior position and subsequent posteriorly-directed force of the proximal tibial pad. 



Figure 6-B. Four-point suspension forces generated by the orthosis to control posterior subluxation of the tibia. 
Note the posterior position and anteriorly-directed force of the proximal tibial pad. 

If the or thot ic ob jec t ive was to control 
pos te r ior sub luxa t ion at the k n e e , the 
proximal t ib ia l pad can b e placed poster
iorly as demons t r a t ed in F igure 6 - B . T h e 
sketch s h o w s that the anter ior ly-di rec ted 
force o f the p rox imal t ibial pad c o m b i n e s 
w i th the pos ter ior ly-di rec ted force of the 
distal interface componen t to create a m o 
m e n t w h i c h s t ra ightens the t i b i a a n d forces 
it anteriorly. T h e pos ter ior ly-d i rec ted force 
of the proximal interface c o m p o n e n t c o m 
b i n e s w i th the media l femoral pad ' s an
ter ior ly-di rec ted force (ob t a ined b y i ts 
strap enc i rc l ing the th igh pos ter ior ly) , 
cont ro l l ing the mo t ion prox imal to the 
jo in t . T h u s , the above four forces l imi t the 
pos te r ior d i sp lacemen t of the t ib i a and 
control the mo t ion at the jo in t . 

COMMON FITTING 
MODIFICATIONS 

Severa l modi f ica t ions of the prev ious ly 
de sc r ibed interface c o m p o n e n t s can b e 
eas i ly m a d e at the t ime of f i t t ing. T h e m e 
dial femoral su spens ion pad can b e re
m o v e d , and can b e increased or decreased 
in s ize d e p e n d i n g u p o n the ind iv idua l ' s 
muscula ture vo lume c h a n g e . T h e co-poly
m e r thermoplas t ic o f the p rox imal and 
distal interface c o m p o n e n t s can b e eas i ly 
hea ted and flaired away f rom p r o b l e m 
pressure areas . T h e plast ic can also b e con
ven ien t ly g round a w a y for comfort cons id 
era t ions . N o t e that the fit of the knee or
thos is shou ld b e ex t remely in t ima te , and 
the sys t em w a s des igned to b e w o r n di-



rect ly aga ins t the skin . G i v e n the fact that 
the improved or thot ic j o in t s m i n i m i z e the 
p i s t o n i n g const ra in t , t ight ly fi t t ing inter
face c o m p o n e n t s insure a funct ional ly effi
c ient and re l iable knee or thos i s sys tem, 
w h i l e at the same t ime p rov id ing for pa
t ient comfort and a cosmet ica l ly acceptable 
result . 

ORTHOTIC EVALUATION 
To date , approximate ly seventy pa t ients 

have b e e n fit w i th the or thos is . Sub jec t ive 
resul ts have b e e n very satisfactory. A de
tai led cl inical evalua t ion is in progress , and 
wil l b e repor ted in the future. W e are also 
a t t empt ing to deve lop more ob jec t ive or
thot ic evalua t ion cr i ter ia , b a s e d upon bo th 
cl inical and mechan ica l ( laboratory) eval
ua t ions . To provide some idea of the types 
of pa t ien t s b e i n g fit in th is ser ies of cl inical 
tr ials , as wel l as the i r early resul ts , a de
scr ip t ion of several case reports will follow. 

CASE STUDIES 
Case #1: A twenty- two year old female 
col legiate baske tba l l player sus ta ined an 
acute injury to the anter ior crucia te and 
media l collateral l igaments of her left knee . 
S h e unde rwen t surgery, hav ing an arthrotomy, a media l collateral l igament repair , a 
pes anse r ine transfer, and a media l menisectomy. W e evaluated he r at a po in t in 
t ime n ine m o n t h s post -surgery. He r af
fected knee exh ib i t ed anter ior laxity, an 
an te ro-media l rotatory ins tabi l i ty , and a 
valgus deformity, bu t had a nega t ive pivot 
shift test . T h e or thot ic goal in th is case was 
to s tabi l ize her chronica l ly uns tab le knee 
resul t ing from her in jury and repai r sur
gery. 

S h e w a s fit wi th an or thos is wi th a hy
b r id c o m b i n a t i o n of anter ior crucia te and 
collateral l igament straps (Figure 7 ) . T h e 
three collateral s traps l imi ted he r valgus 
ins tab i l i ty th roughout the f lexion range , 
and the one anter ior crucia te strap (which 
t igh tened at 45 degree f lexion) l imi ted the 
anterior displacement in her knee. In the 
sagittal p lane , the interface c o m p o n e n t s 

and s t rapping res i s ted the an ter ior d is 
p l acemen t of the t ib ia b y genera t ing the 
four-point suspens ion forces s h o w n in 
Figure 6-A. S ince an an te ro-media l rotat
ory ins tab i l i ty was presen t ( t ib ia internal ly 
rota tes) , the proximal t ibial su spens ion 
pad w a s a t tached to the media l or thot ic 
s idebar , s imilar to that s h o w n in F igure 
5 - B . T h u s , t igh ten ing the proximal t ib ia l 
pad straps p re -pos i t ioned the t ib ia in ex 
ternal rota t ion, l imi t ing the an te ro-media l 
ins tabi l i ty . After b e i n g fit w i th the o r tho
s is , the pa t ien t has b e e n ab le to r e s u m e 
v igorous athlet ic act ivi ty, inc lud ing b a s 
ketbal l , wh i l e w e a r i n g the or thos is . 

Figure 7. An orthosis for the patient in Case Study # 1 , 
providing correction for her antero-medial rotatory 
instability. Note the hybrid ligament strap combina
tion (three collateral straps and an anterior cruciate 
strap which tightens at 45 degrees of flexion), as well 
as the use of the co-polymer thermoplastic. 



Case # 2 : A twen ty yea r old male ( 6 ' -
5 1/2", 240 l b s . ) , w h o plays baske tba l l for a 
local univers i ty , in jured h is r ight knee 
w h e n he w e n t up for a r e b o u n d , and c a m e 
d o w n off-balance w h i l e s imul taneous ly 
b e i n g h i t b y ano the r player. A n e x a m i n a 
t ion revealed an an te ro-media l rotatory in 
stabi l i ty , w i th a poss ib le an ter ior crucia te 
injury. 

At a later date , h e re in jured the same 
k n e e , this t ime sus t a in ing a part ial tear o f 
the media l collateral and anter ior crucia te 
l i gamen t s . H e w a s put in a long leg cast , a 
prepatory or thos i s , a n d finally, after s o m e 
knee rehabi l i t a t ion , the def ini t ive or thos i s 
s h o w n in F igure 8. 

The cons t ruc t ion of the or thos i s is the 
same as that for the pa t ien t in the first c a se , 
wi th the h y b r i d an ter ior cruciate-col lateral 
l i gament straps b e i n g used . T h e pa t ien t 
ha s b e e n able to r e s u m e his athlet ic ac
t ivi t ies s ince b e i n g fit wi th the or thos is . 

Case # 3 : A fifteen year old female sus 
ta ined a torn left pos te r ior crucia te l iga
m e n t from a " d a s h b o a r d in ju ry" dur ing an 
au tomob i l e acc ident . T h e torn pos te r io r 
crucia te w a s surgical ly repa i red b y a m o d 
if ied J o n e s p rocedure . 

T h e pa t ien t also deve loped a large pres
sure sore on he r mid-pos te r io r calf from the 
pos topera t ive cast . T h e or thot ic ob jec t ive 
in th is case w a s to p reven t knee m o t i o n s 
and loads w h i c h w o u l d load or d is rupt the 
pos te r ior crucia te repai r , thus pro tec t ing it 
wh i l e it hea ls , and a l lowing the pa t ien t to 
unde rgo a phys ica l therapy p rogram. 

T h e pa t ien t was ini t ial ly fit w i t h a pre
para tory or thos i s (desc r ibed be low) wi th 
pos te r io r cruciate or thot ic j o in t s . T h e pre
para tory or thos is a l lowed the pa t ien t to 
comple te a phys ica l therapy program, re
bu i l d ing he r lower l i m b muscu la tu re , a n d 
prov ided s tabi l i ty w h i l e normal w a l k i n g 
w a s res tored . T h e or thos i s w a s ini t ia l ly fit 
so as not to i m p i n g e upon the pressure sore 
reg ion , a l lowing it to rapidly heal . 

Four m o n t h s postoperat ively , as h e r 
muscula ture vo lume inc reased to nea r 
normal , she w a s fit w i th a def ini t ive pos 
ter ior crucia te or thosis (Figure 9 ) . T h e 
pos te r ior crucia te or thot ic j o in t s were u sed 
in con junc t ion wi th the pos te r ior p lace
m e n t o f the proximal t ibial pad , and nor 
mal pos te r io r -open ing proximal and distal 
interface c o m p o n e n t s . No te that the in te r 
face mater ia l for this non-a th le t ic appl ica
t ion is P lex ig lass -DR. T h e pa t ien t w a s soon 
ab le to r e s u m e m a n y dai ly funct ional ac
t ivi t ies w h i l e the l igament repai r con
t inued to heal . 

The prepara tory or thos is m e n t i o n e d in 
the above case s tudy is i n t ended to p rov ide 
s tabi l i ty dur ing the per iod b e t w e e n the 
plaster fracture o r thos i s and a def in i t ive 
knee or thos i s . As s h o w n in F igure 10 , the 
p repa ra to ry o r t hos i s is f ab r i ca t ed b y 
w r a p p i n g a set of or thot ic j o in t s in a t em
porary interface mater ia l such as Sco tch -
Cas t (3M C o m p a n y ) . T h e prox imal t ibial 
s u s p e n s i o n pad is also inc luded . T h i s type 
o f o r thos i s is u sed in s i tua t ions (post-sur
gical or pos t - in jury) in w h i c h the lower 
l i m b muscula ture has a t roph ied , and w h e n 
the pa t ien t wil l subsequen t ly unde rgo 
phys ica l therapy. Dur ing this t i m e , the 

Figure 8. The definitive orthosis for the patient in 
Case Study #2 . The orthosis is the same basic design as 
in Figure 7. 



lower l i m b muscula ture wil l increase in 
vo lume wi th the therapy, thus m a k i n g it 
impract ica l to fabr icate several "def in i 
t i v e " or thoses dur ing this relat ively b r i e f 
per iod . Ins tead , the preparatory or thoses 
are easi ly, cheaply, and reliably applied as 
n e e d e d , as t he m u s c u l a t u r e v o l u m e 
changes , w i th the pa t ien t b e i n g fit wi th the 
def in i t ive or thos i s on ly w h e n the lower 
l imb has s tab i l ized at its normal geometry . 

Case # 4 : A twen ty -one yea r old male 
sus ta ined a hyperex tens ion- type injury to 
bo th knees . Examina t ion of h is left knee 
revealed a fracture o f the media l t ibial pla
teau, and an antero-lateral rotatory ins ta
bi l i ty . H i s r ight knee exh ib i t ed bo th an
tero-lateral and posterolateral rotatory in 
s tabi l i t ies . 

T h e pa t ien t unde rwen t surgery, hav ing a 
partial media l m e n i s e c t o m y o f h i s r ight 
knee , as wel l as a repair to the anter ior 
cruciate l igament and posterolateral cap
sule of the same k n e e . The or thot ic o b j e c 
tive for h is r ight knee was pos t -surgica l in 
nature ; that i s , p reven t ing the repa i red 
structures from b e c o m i n g loaded. S ince 
the pa t ien t also presen ted wi th a marked 
pos ter ior ins tabi l i ty , a special distal inter
face was fabr icated and used in con juc t ion 
wi th an anter ior ly-placed proximal t ibial 
pad and pos ter ior cruciate l igament straps 
(Figures 1 1 - A and 1 1 - B ) . T h e distal in ter
face w a s c losed bo th anter ior ly and pos 
teriorly, keep ing the knee in i ts neutral 
an ter ior -pos ter ior pos i t ion dur ing flex-

Figure 9. Posterior cruciate orthosis design for the 
patient in Case Study # 3 . Note the posterior cruciate 
orthotic joints (ligament straps), and the posterior 
position of the proximal tibial suspension pad. The 
four-point suspension in this case is the same as in 
the sketch of Figure 6-B. The interface material used 
was clear Plexiglass-DR. 

Figure 10. A typical prepatory orthosis design using 
ScotchCast (3M Company), incorporating collateral 
orthotic joints and an anteriorly-placed proximal 
tibial pad. 



Figure 11-A. The definitive orthosis for the sub
ject of Case Study #4 . Note the anterior position of 
the proximal tibial pad, the fact that the distal 
interface is closed both anteriorly and posteriorly, 
and the presence of the posterior cruciate ligament 
straps. 

Figure 11-B. Posterior view of the orthosis for the 
patient in Case Study #4 . 

i on -ex tens ion , and a l lowing the repa i red 
t i ssue to heal . T h e proximal t ib ia l pad w a s 
a t tached to the lateral or thot ic s idebar , re
s t ra in ing the anterolateral ins tab i l i ty as 
s h o w n in F igure 5 -A. T h e pa t ien t also 
eventual ly rece ived a conven t iona l pos 
t e r i o r - o p e n e d o r t h o s i s w i t h co l la te ra l 
l i gament s traps to prov ide restraint for the 
chron ic antero-lateral rotatory ins tab i l i ty 
in h is left knee . 

DISCUSSION 
W e have appl ied our knee or thos is to a 

w i d e range of pat ient p rob l ems , inc lud ing 
those wi th chron ic l i gamen tous laxity, 
pos t - t raumat ic ins tabi l i ty , pos topera t ive 

l i gamen tous recons t ruc t ions , pa t ients w i th 
total knee rep lacements , pos t -po l io appl i 
ca t ions , as wel l as o thers . T h e s e p r o b a b l y 
represent the spec t rum o f potent ial users o f 
knee or thoses . T h e results to date have 
b e e n qui te satisfactory. The re have b e e n 
compla in t s c o m m o n to all knee o r thoses , 
such as cosmes i s and i n c o n v e n i e n c e , bu t 
general ly, the cl inical results have fulfilled 
our des ign expec ta t ions of a t ighter f i t t ing, 
more funct ional o r thos i s , b y vi r tue of the 
improved anatomical ly shaped or thot ic 
jo in t s . Sub jec t ive ly , results have b e e n be t 
ter than our previous expe r i ence wi th o ther 
commerc ia l ly avai lable o r thoses . A formal 
cl inical evalua t ion wil l b e repor ted in the 
nea r future. 
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