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INTRODUCTION 
T h e k n e e is a complex structure a n d a n y 

structural c h a n g e results in a l e s sened 
abi l i ty to w i th s t and t h e s t resses o f a thlet ic 
compe t i t i on . T h e s u b s e q u e n t mater ia l is a 
b r i e f d i scuss ion o f k n e e ins tab i l i t i es sec
ondary to injury and the role o f a Lenox Hil l 
O r t h o s i s i n c o m p e n s a t i n g for a n y func
t ional deficit . T h e var ious ins tab i l i t i es o f 
the k n e e can b e separa ted in to four 
ca tegor ies : 

• S t ra ight . 
• Rota tory . 
• C o m b i n e d . 
• Patel lar . 

S t ra igh t lateral or s t ra ight med ia l ins ta
b i l i ty is demons t ra t ed b y w i d e n i n g o f the 
jo in t space wi th varus or va lgus stress 
exer ted o n the k n e e at full ex tens ion and in 
va r ious degrees o f f lexion. 

• T h e s t ra ight an te r io r and pos te r io r in
s tab i l i t i es are i l lustrated by the c lass ic 
an ter ior -pos ter ior d rawer s ign . 

• T h e rotary ins tab i l i t i e s involve ab
normal m o t i o n abou t a rotary axis o f the 
t ib i a in re la t ion to the femur . T h e s e can b e 
ca tegor ized as pos te r io r /media l , antero/ 
med ia l , antero/ lateral , and poster ior / la teral 
rotatory ins tab i l i t i e s . 

• T w o or m o r e o f the above ins tab i l i t i e s 
can and c o m m o n l y do occur in the s a m e 
knee , fo rming a c o m b i n e d ins tab i l i ty . 

• Lateral d i sp lacemen t of t he patel la 
from the patel lar-femoral g roove produces 
an ins tab i l i ty that wi l l no t b e a par t o f this 
d i scuss ion . 

COMPONENTS OF 
KNEE STABILITY 

T h e s tab i l i z ing c o m p o n e n t s of the k n e e 
j o in t s inc lude b o n e , m e n i s c i i , musc les and 
l igaments . 

Bone 
T h e b o n y s tabi l i ty o f the k n e e is der ived 

from the shape o f the femoral condy les and 
saucer shape o f the t ib ia l p la teaus . T h e in
tercondylar e m m i n e n c e of the t ib i a a n d 
the s l ight concav i ty of the p la teau w h e n 
v i e w e d in re la t ion to the shape o f the 
femoral condyles plays a role in control l ing 
the a m o u n t of rota t ion poss ib l e w i t h i n the 
j o i n t , and wi th w e i g h t bea r ing th i s pro
duces s o m e s t ra ight medial- la teral a n d 
an te r io r -pos te r io r s tabi l i ty . 



Meniscii 
M e n i s c i i addi t ional ly add to s tab i l i ty 

w i t h i n the knee . T h e saucer shape and the 
l i gamen tous a t t achments a l low the miniscii to m o v e wi th flexion o f the k n e e , fil l ing 
the pe r iphera l space crea ted b y the spher i 
cal conf igura t ion o f the femoral condyles . 
T h e funct ion o f the men i sc i i inc lude shock 
absorp t ion , lubr ica t ion , reduct ion o f con
tact s t ress a n d t r ansmiss ion o f loads across 
the jo in t . T h e inc reased concav i ty o f the 
p la teau and the w e d g e effect o f the m o v i n g 
men i sc i i con t r ibu t e to the s tabi l i ty of the 
jo in t . 

Muscle 
T h e quad r i ceps musc l e group has a 

funct ion as an impor t an t d y n a m i c s tab i 
l izer o f the k n e e . I ts p r imary funct ion is 
ex t ens ion o f the t ib ia in relat ion to the 
femur , bu t it also acts as an an tagonis t 
aga ins t f lexion s t resses created b y the h a m 
s t r ings . T h e quadr i ceps also inf luence the 
an te romed ia l and lateral j o in t capsule s ta
bi l i ty . 

F lex ion o f the t ib i a o n the f e m u r d y n a m i 
cally is a funct ion o f the hams t r ing m u s 
c le s . Add i t iona l ly the s e m i t e n d o n o s i s , 
graci l i s , and sar tor ius s w e e p a round the 
med ia l s ide o f the u p p e r t ib ia to at tach 
a n t e r i o r l y g i v i n g a d d i t i o n a l s t a b i l i t y 
a g a i n s t r o t a t o r y a n d a n t e r o p o s t e r i o r 
s t resses . T h e b i c e p s femoris t e n d o n has a 
s imi la r funct ion o f d y n a m i c lateral stability. 

Ligaments 
T h e k n e e i s enc losed in a capsule w h i c h 

is re inforced b y l i gamen t s . T h e stat ic sta
bi l i ty o f the k n e e j o i n t d e p e n d s upon the 
in tegr i ty o f the suppor t ing l igamen t s o f the 
knee . 

Collateral Ligaments—The lateral collat
eral l i gamen t o r ig ina tes from the femoral 
condyle a n d inser t s in to the f ibular h e a d 
act ing as a s tab i l izer aga ins t varus s t resses . 
Addi t iona l ly , the i l io t ib ia l tract laterally 
protects aga ins t varus s t ress and anterolat

eral rotatory ins tab i l i ty . T h e media l collat
eral l i gamen t cons i s t s o f two layers , the 
deep f ibers o r ig ina te from the femoral con
dyle inse r t ing in to the uppe r t ib ia l marg in 
re inforc ing the capsu le a n d the per iphera l 
a t t achment o f the m e n i s c u s . T h e superfi
cial f ibers ex tend three i nches b e l o w the 
uppe r t ib ia l ma rg in to the t ib ia l flare 
s tab i l i z ing the k n e e media l ly aga ins t val
gus s t resses con t r ibu t ing to res i s t ance 
aga ins t an te romedia l rotatory s t resses . 

Cruciate Ligaments—The anter ior cruci
ate l i gamen t o r ig ina tes from the lateral 
femoral condyle a n d inser t s in to the t ib i a 
at the in te rcondyla r no tch anteriorly. T h e 
pos te r ior c ruc ia te l i gamen t ar ises o n the 
lateral s ide o f the media l femoral condy le 
and inser t s in to the pos te r io r surface o f the 
t ib i a in the m i d l i n e . Cruc ia te l i gamen t s 
con t r ibu te to s tab i l i ty aga ins t an te r io r and 
pos te r io r s t resses as wel l as rotatory and 
medial - la tera l s t resses . 

Ligamentous Injuries—Ligaments a re 
f ib rous s t ructures that-funct ion in a m a n 
n e r to p reven t a b n o r m a l m o t i o n o f the 
jo in t . A l i gamen tous in jury can vary from 
tear ing o f a few f ibers and no loss o f func
t ion to comple te d is rupt ion o f the s t ruc
ture. Fo rced m o t i o n b e y o n d the no rma l 
l imi t in a n y d i rec t ion o f knee m o t i o n can 
resul t i n s o m e degree o f in jury . A c o m m o n 
type o f a thle t ic in jury to the k n e e occurs 
w i th the foot f ixed to the g round a n d the 
th igh ro ta ted inward , a n d the t i b i a out
ward , caus ing abduc t ion and external ro 
tat ion o f the leg. T h e stress is exer ted 
aga ins t the med ia l capsular s tructures as 
wel l as the collateral l i gamen t a n d the an
ter ior c ruc ia te l igament . T h e resul tant in
ju ry var ies from mi ld to severe d i s rup t ion 
o f the suppor t ing s t ructures and inc ludes 
in jury to the med ia l collateral l i gamen t 
bo th deep a n d superf ic ial , med ia l m e n i s 
cus and /or i t s a t t achment as wel l as the 
an te r io r crucia te l igament . T h e k n e e se 
vere ly in jured in th i s m a n n e r m a y b e a 
cand ida te for surgery and s u b s e q u e n t re
hab i l i t a t ion . T h e ca tegory o f in jury and 
s u b s e q u e n t surgica l p rocedure are depen
den t upon the degree a n d specif ic s t ruc
tural c h a n g e s . 



ORTHOTIC 
MANAGEMENT WITH THE 
LENOX HILL ORTHOSIS 

At the Ups ta te Med ica l Cen te r in Syra
cuse , the rehab i l i t a t ion o f the p rev ious ly 
in jured k n e e inc ludes the use o f a L e n o x 
Hil l O r t h o s i s . T h e advantages o f the L e n o x 
Hill Or thos i s are: 

Pos t Injury: non-opera t ive ly t reated pa
t ients are pro tec ted agains t recurrent 
s t resses to t he in jured structures dur ing 
s u b s e q u e n t a thle t ic ac t iv i t ies . 

Pos t Opera t ive ly : T h e L e n o x Hill Or
thos i s i s u s e d to p rov ide inc reased stat ic 
s tabi l i ty dur ing rehabi l i t a t ion and w h e n 
re turn ing to a thle t ic act ivi t ies . 

T w o m e t h o d s are used at the Ups ta te 
Med ica l C e n t e r for f i t t ing o f the or thos i s : 

1. T h e pos i t ive m o l d for the L e n o x Hil l 
O r t h o s i s is t aken before surgery so the or-

thos i s is r eady for appl ica t ion on cast re
mova l in s ix w e e k s . 

2 . T h e mold is taken during the first cast 
c h a n g e two w e e k s pos t -opera t ive ly , and 
the or thos i s p repared for appl ica t ion six 
w e e k s pos t -opera t ive ly . T h e lat ter m e t h o d 
a l lows for s o m e a t rophy dur ing surgery 
and cast m a n a g e m e n t , and assures a c loser 
fit at t ime o f appl ica t ion . 

T h e L e n o x H i l l O r t h o s i s i s w o r n 
th roughou t the rehabi l i t a t ion program to 
a l low m o t i o n necessa ry for rehabi l i t a 
t ion exerc i ses and for p ro tec t ion aga ins t 
s t resses o n the repa i red l igaments . If ath
le t ic act ivi ty is a l lowed, the or thos i s is 
w o r n up to o n e full year dur ing the ac t iv i ty 
for p ro tec t ion aga ins t further injury. 

T h e L e n o x Hil l sy s t em has b e e n de
v e l o p e d a n d d e s i g n e d to con t ro l t he 
s t ra ight media l - la tera l , an ter ior -pos ter ior , 
rotatory and c o m b i n a t i o n s of t he se in
s tab i l i t i es . A n unde r s t and ing of the var i
ous des igns avai lab le , and the loca t ion of 
the force p ressures that resis t dev ia t ion , 
wi l l he lp p reven t p resc r ip t ion uncer t a in ty . 

Fig. 1. Three point pressure system to resist valgus 
instability. 

Fig. 2. Three point pressure system to resist varus 
instability. 



CONTROL OF STRAIGHT 
MEDIAL-LATERAL 
INJURIES 

W i t h the k n e e in full ex tens ion (Fig . 1.) , 
the va lgus dev ia t ion (medial ins tab i l i ty ) is 
r es i s ted b y the three po in t force o f the 
L e n o x Hil l c rea ted b y the lateral leg pads , 
a b o v e and b e l o w the knee , o p p o s e d b y the 
med ia l k n e e d isc . W i t h the k n e e in full 
ex t ens ion (Fig. 2 . ) , the varus dev ia t ion (lat
eral ins tab i l i ty ) is res i s ted b y the three 
po in t force crea ted b y the med ia l leg pads , 
a b o v e and b e l o w the k n e e , o p p o s e d b y the 
lateral k n e e disc . 

CONTROL OF STRAIGHT 
ANTERIOR-POSTERIOR 
INJURIES 

W i t h the k n e e in f lexion (Fig. 3 . ) , the 
an te r ior -pos te r ior excurs ion o f the t ib ia , 

Fig. 3. Force system to prevent anterior-posterior in
stability includes the pre-tibial bar, distal knee loop 
and circumferential rubber. A hyperextension stop 
and non elastic popliteal strap are also used. 

Fig. 4 & 5. Rotary instability is counteracted by the lateral leg pads, medial disc and derotation straps. 



(anter ior -pos ter ior ins tab i l i ty) is res is ted 
b y the L e n o x Hil l forces created b y the 
pre- t ib ia l ba r , the derota t ion s t rap , the 
distal knee loop a n d the c i rcumferent ia l 
r ubbe r , all o p p o s e d b y the c i rcumferent ia l 
r u b b e r above the k n e e . W i t h anter ior-
pos te r io r i n s t ab i l i t y , a h y p e r e x t e n s i o n 
s top at the j o i n t , a n d a non-e las t i c pop
liteal strap to res is t hype rex t ens ion is 
added to the Lenox Hil l . In pos t -surgica l 
appl ica t ion , the s top m a y b e adjus ted to 
l imi t the degree of ex tens ion . 

CONTROL OF 
ROTATORY INJURIES 

W i t h the knee in full ex tens ion (Fig. 4 . ) , 
the ro ta t ional dev ia t ion , (rotatory ins tabi l 
i ty) is res i s ted b y the con tour and place
m e n t of the lateral leg pads and the med ia l 
k n e e d i s c , the c i r cumfe ren t i a l r u b b e r 
above and b e l o w the k n e e , and the derota
t ion strap. W i t h the k n e e in f lexion (Fig. 
5 . ) , the ant i - ro ta t ion res i s tance is aug
m e n t e d b y the dero ta t ion strap. 

CONTROL OF 
COMBINATION INJURIES 

W i t h the addi t ion o f the s econd b e l o w -
the -knee leg pad , s e c o n d derota t ion strap, 
and hype rex t ens ion s top , the L e n o x Hil l i s 
de s igned to res is t the c o m b i n a t i o n antero-medial rotatory, antero-lateral rota tory, 
a n d an t e ro -med ia l - l a t e r a l ro ta to ry in
s tab i l i t i es . 

In the c o m b i n e d med ia l des ign (Fig. 6 . ) , 
the k n e e d i sc is pos i t i oned on the media l 
s ide , w i th lateral leg pads above and b e l o w 
the k n e e , med i a l leg pad b e l o w the knee , 
and a hype rex t ens ion s top incorpora ted 
in to the k n e e j o in t s . T h i s c o m b i n a t i o n de
s ign is for p r imary an te ro-media l , lesser 
antero- la teral , ro ta tory ins tab i l i t i e s . 

T h e c o m b i n e d lateral des ign (Fig. 7 . ) , the 
k n e e d isc is pos i t i oned on the lateral s ide 
wi th media l leg pads a b o v e and b e l o w the 
k n e e , lateral leg p a d b e l o w the k n e e , and a 
hype rex t ens ion s top incorpora ted in to the 
k n e e jo in t . Th i s c o m b i n a t i o n des ign is for 

Fig. 6. The design used for combined medial knee 
injuries. 

Fig. 7. The design used for combined lateral knee 
injuries. 



p r i m a r y a n t e r o l a t e r a l , lesser antero-medial rotatory instabilit ies. 

SUMMARY 
A t Upsta te Medical Center , Syracuse , 

N e w York, the L e n o x Hill Denotation O r 
thosis has been prescr ibed for athletic in
juries to the knee s ince 1972. Its use post -
injury a n d post -operat ive ly h a s been con
sistently pos i t ive . 

The L e n o x Hill advantages are: 
1. Individual des ign and cus tom fabri

cat ion insure int imate fit and proper appli
cat ion; 

2 . S i m p l e m e a s u r e m e n t p r o c e d u r e s 
w i th plaster mold a n d materials available 
to phys ic ian and orthotist; 

3. A m p l e des ign choices and the ability 
to des ign the orthosis to resist specific in
stabilities. 
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