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INTRODUCTION 
T h e h u m a n knee is a masterpiece of en

gineer ing. As the largest and mos t com
plex jo int , it is one of the mos t vulnerable 
for injury. A n y disruption in the struc
tures, in or a round the knee , has been 
s h o w n to create a functional loss or change 
in the mechan ic s of the knee joint . Mot ion 
of the knee occurs s imul taneously in three 
p lanes : frontal (coronal or longi tudinal) , 
sagittal, and t ransverse (horizontal) . H o w 
ever , the mot ion in the sagittal p lane is so 
significant that it accounts for mos t of the 
knee mot ion . 

K n e e or thoses have , historically, been 
primarily des igned to impart rigidity to the 
knee and to restrict mot ion in order to pro
vide stability. M a n y or thoses are fabricated 
e i ther from cast impress ions , t racings of 
the leg, or both , implying that an int imate 
fit with the extremity and functional sta
bility are obta ined by the cus tom fabrica
tion. T h e external h inge jo in ts used today 
follow kinemat ic pa thways , wh ich are 
cons idered s impler than that of the ana
t o m i c k n e e . O r t h o t i c j o i n t s m a y b e 
g rouped into three categories as follows. 
First , the fixed axis type that a l lows for a 
s ingle axis of mot ion . S e c o n d , the polycentric sys t ems provide for the natural pos te
rior mot ion of the femur relative to the 

tibia producing equal mot ions on each side 
o f the jo in t . Third are the " ana tomica l " 
sys t ems that a t tempt to duplicate the 
asymmetr ica l knee mot ion during flex
i o n . 1 0 , 1 7 

T h e s e jo in t s are combined with various 
des igns of cuff configurat ions to p roduce 
an or thos is that will a t tempt to genera te 
the relative mot ion that r e sembles that of 
the normal knee . Howeve r , the mismatch 
b e t w e e n the orthotic and ana tomic knee 
jo in t mot ions still exists , causing restric
tion of normal range of mot ion, distal mi
gration of the or thosis , and condylar sep
arat ion. Even with the " A n a t o m i c a l " sys
t e m s , p l a c e m e n t a n d m a i n t e n a n c e of 
proper posi t ion are critical to function. 

Th is paper will review the scientific bas is 
for the deve lopmen t of a comple te ly n e w 
concep t in functional or thot ics which al
lows dynamic stabil ization. It will also re
view the k inemat ics of the knee during the 
gait cycle and out l ine the role of the pro
pr iocept ive reflex arc in causing disabling 
subluxat ion ep isodes in uns table knees . 

Anatomy 
In the normal gait cycle , the foot /ankle 

complex is supinated at heel strike and the 
k n e e is ex t ended with the tibia in an exter
nally rotated p o s i t i o n . 2 , 1 2 The collateral 



Figure 1. Automatic rotation tibial-femoral points of contact in extension (a, b) and flexion 
(a1, b1). 

l igaments t ighten and inhibit excess ive ro
tation by becoming crossed in space . The 
foot is quickly lowered to a flat posi t ion by 
an eccentr ic contracture of the Tibialis An
terior musc le and the knee progress ively 
flexes and undergoes internal rotat ion. 
T h e collateral l igaments b e c o m e more ver
tical a n d so are lax, whi le the cruciate 
l igaments b e c o m e coi led a round each 
other and begin to c o m e under s t rong ten
sion. At mids tance phase , m a x i m u m pro
n a t i o n o f t he f o o t / a n k l e c o m p l e x is 
ach ieved and m a x i m u m internal rotat ion 
of the knee is p roduced . The beg inn ing of 
toe off starts with the progress ive supina
tion of the foot/ankle complex and the ac
company ing external rotat ion of the tibia 
to push off phase . 

Whi le the a m o u n t of tibial rotat ion can 
vary be tween individuals , tibial rotat ion 
must a lways be presen t for the knee to 
function in an ana tomic way. T h e ana tomic 
s t ructures of the femoral condyles , the ti
bial pla teau, and the menisc i have been 

well d o c u m e n t e d by M u l l e r . 1 2 T h e lateral 
femoral condyle unde rgoes two to three 
t imes the a m o u n t of relative anter ior /pos
terior excurs ion as the medial femoral con
d y l e . 1 7 In fact, for the internal and external 
rotation aspec ts of the normal gait cycle of 
the knee to occur , the axis of rotat ion is 
actually s o m e w h a t medial to the medial ti
bial plateau for this excurs ion process 
(Figure I ) . 7 , 8 , 1 6 In the last 20° to 30° of ex
tension, the " sc r ew h o m e m e c h a n i s m " oc
curs with progress ive internal rotat ion of 
the femur, leading to external rotat ion of 
the tibia. Therefore , for the tibia to ap
proach its normal degree of rotation in ex
tension, any external orthosis applied mus t 
al low for this ana tomic rotat ion to occur . 
To a c c o m m o d a t e this, the axis of rotat ion 
of the or thosis or of the tibial c o m p o n e n t of 
the or thosis mus t be medial to the medial 
tibial plateau at the normal axis of rotation 
of the knee . On ly in this location can the 
lateral p la teau move in greater anterior/ 
poster ior dis tance than the medial plateau. 



Discussion 
It n o w s e e m s evident that any form of 

external support , no mat ter h o w rigid, will 
general ly be d o o m e d to failure if j udged by 
static testing. T w o recent s t u d i e s 1 , 4 in the 
American Journal of Sports Medicine d raw 
two seeming ly confl ict ing conc lus ions . 
First , no external or thosis can ei ther re
place or approach the static resis tance pro
vided by the normal anter ior cruciate l iga
m e n t and , secondly, the majori ty of pa
t ients with symptomat ic anter ior instabil
ity of the knee are improved by wear ing 
any of the var ious o r thoses . P a u l o s 1 4 s tates 
that in his s tudy he demons t ra ted antero
lateral tibial subluxat ion in every pat ient in 
every functional knee or thosis examined 
by the Losee test. None the le s s , " O u r sub
jec t ive results show that mos t pat ients like 
to use the braces despi te the fact that we 
could not mechanica l ly s h o w they were 
w o r k i n g . " Because of the external nature 
of the or thoses and the large a m o u n t of 
soft t issues in the thigh, all o r thoses will 
al low significant pass ive m o v e m e n t w h e n 
tes ted in a static manner . T h e fact that 
body type has been s h o w n to inf luence or
thosis performance further suppor ts this 
conclus ion . 

There are several shor tcomings in the 
various o r thoses on the market today. T h e 
mos t restrictive of these types are those 
sys tems with rigid tibial and femoral com
ponen t s l inked by rigid double upright 
h inges . The benchmark , which mos t func
tional o r thoses have been judged against , 
is the L e n o x Hill B r a c e . 1 3 Whi le the or tho
sis is totally rigid and totally cus tom made , 
it has n o rotational m e c h a n i s m in it, yet it 
is called a derotat ional brace . This design is 
rigidly fixed by double uprights to the 
thigh and calf. The re is ei ther no rotation 
a l lowed in the extremity, or the normal ro
tation takes place be tween the or thosis and 
skin interface, or the skin enve lope a round 
the leg. Whi le the rigidity impar ted by this 
type of or thosis would certainly increase 
the res is tance to subluxation of the tibia 
and therefore provide a res is tance , at the 
same t ime it resists the normal mot ions 
that need to occur during functional activ
ity, i .e. , flexion and external rota t ion. 9 O n 
the o ther hand , the more flexible or thoses 

with their inheren t lack of rigidity do not 
s eem to perform as well subjectively, b e 
cause less rigidity is imparted to the knee 
s tructure. 

In prior s tudies , several key factors have 
been brought out about knee or thoses : 

a. they improve static stiffness at low 
loads ; 1 

b. at high static test ing, all o r thoses 
al low tibial sub luxa t ion ; 4 

c. mos t episodes of buckling at the knee 
occur during low load, low force situ
a t ions ; 4 

d. significant forces are required to 
sublux a loaded k n e e ; 6 , 1 1 

e. pos t injury rehabil i tat ion does not 
necessar i ly correlate with subject ive 
improvemen t of per formance and 
s y m p t o m s w h e n the pat ient is put in 
an o r t h o s i s . 1 5 

The term " low l o a d " l igament function 
is defined as w h e n the l igaments keep the 
correct apposi t ion of the articular surfaces 
during musc le -genera ted function, pro
viding for proper jo int lubrication and 
normal contact forces. The term "h igh 
l o a d " l igament function is defined as the 
l igaments providing stability in a t raumatic 
s i tuat ion where the external load occurs 
too rapidly for the musc les to equil ibrate. 

Rationale 
With the above information, it is clear 

that o ther factors must be present that are 
responsible for the subject ive improve
men t ga ined through functional support of 
the knee . It is our hypothes i s that the 
major factor involved in successful orthotic 
care is the es tab l i shment and ma in tenance 
of the p roper t ibia-femur re la t ionship prior 
to loading o f the knee in the low load situa
tion. All jo in ts have a propriocept ive re
flex arc that gives unconsc ious protect ion 
against jo in t injury if a load is applied in 
any posi t ion o ther than a conjugated 
o n e . 5 , 1 2 In knee jo ints , s t retching an inter-
articular l igament can elicit firing from 
propr ioceptors si tuated only in the liga
m e n t . 3 Therefore , w h e n e v e r an unstable 
knee is loaded in a subluxed posit ion, 
there is an immedia te reflex arc that pro
duces a muscle inhibit ion and subsequen t 



"giving w a y " sensat ion. No mat ter h o w 
strong the musc les are, the reflex inhibi
tion will elicit a "giving w a y " ep isode if the 
joint is not con juga t e . 3 However , once a 
conjugate jo int is loaded, ex t reme forces 
are required for s u b l u x a t i o n . 6 , 1 1 For this 
reason, rehabil i tat ion is mos t impor tan t in 
the unstable knee . It is our premise that all 
o r thoses function by helping to resist the 
subluxat ion in the low force, un loaded po
sition, a l lowing a p roper t ibia-femur re
la t ionship to exist prior to heavy loading of 
the knee . Th is can easily explain the b e n e 
fits gained from functional orthotics even 
in the unrehabi l i ta ted knee . 

Whi le the more rigid or thoses provide 
for greater rigidity, they have no ability to 
al low for rotation; therefore, the capabili ty 
to prevent subluxat ion is less . During the 
last 20°-30° of knee extens ion , the tibia is 
undergoing a progress ive external rotation 
as the " s c r e w - h o m e " m e c h a n i s m takes 
place. A n y or thosis wh ich does not al low 
rotation to occur can prevent or min imize 
rotational excurs ion in terminal ex tens ion . 
Therefore , if an or thosis min imizes the ex 
ternal rotat ion of the tibia in terminal ex
tension, by definition, it would be mini
mizing the dis tance of travel required to 
sublux the knee anterolaterally. Based on 
this fact, w e , in conjunct ion with 3D Or
thopedic , have des igned an or thosis that 
dynamical ly produces an external rotation 
force that is greater as the knee ex tends 
and a l lows for the tibia to be held in a more 
reduced posi t ion during terminal exten
sion. Th is a l lows for a greater capability in 
prevent ing subluxat ion prior to loading. 
T h e or thosis also provides an adjustable 
rigid s top to block excess ive internal rota
tion b e y o n d a normal degree by its rigid 
link to the medial upr ight (Figure 2 ) . 

Summary 
We feel that all functional o r thoses work 

by el iminat ing or reducing knee subluxa
tion at low loads, thereby prevent ing the 
activation of the propriocept ive arc reflex 
which causes disabling buckl ing of the 
knee . T h e term " low l o a d " implies ei ther 
pass ive or active forces acting upon the 
tibia prior to taking full body weight on the 

extremity, during ei ther rout ine walking or 
high per formance activity. If the proper 
t ibia-femur re la t ionship is mainta ined, the 
buckl ing p h e n o m e n o n will be e l iminated. 
This concep t can adequate ly explain the 
fol lowing observa t ions made by prior in
vest igators: a) T h e or thosis is seen to in
crease relative knee stability, even though 
maximal laxity remains unchanged ; b) S ta 
bility is greatly increased by loading a 
knee ; and c) S y m p t o m s of instability seem 
to be improved by increas ing resistance to 
low forces of d i sp lacement . This implies 
that ep i sodes of subluxat ion occur during 
low force, low load si tuat ions, giving rise 
to the clinical "giving w a y " exper ienced 
w h e n the knee is then loaded. 

The 3 D D y n a m i c Funct ional K n e e Brace 
clearly accompl i shes the goal of maintain
ing the conjugated t ibia-femur relation
ship. T h e medial post and h inge he lp the 

Figure 2. The orthosis provides adjustable rigid stop 
to block excessive internal rotation beyond a normal 
degree by its rigid link to the medial upright. 



knee track with normal rotat ion during 
gait by the true dynamic rotation strap ac 
tion. Thus , normal knee k inemat ics are re
capi tulated actively by this or thosis . 
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