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THE ACL IN ITS NORMAL 
AND INJURED STATES 

T h e anter ior cruciate l igament (ACL) is 
located in the intra-articular area of the 
t ibio-femoral jo in t . It is a t tached on one 
e n d to a fossa on the poster ior aspect of the 
medial surface of the lateral femoral con­
dyle. Th i s a t t achment is in the form of a 
s e g m e n t of a circle, wi th its anter ior border 
s traight and its poster ior border convex . Its 
long axis is ang led s o m e w h a t forward 
from the vertical, and the posterior con­
vexity is parallel to the poster ior articular 
margin of the lateral femoral condyle . T h e 
o ther e n d of the A C L is a t tached to a fossa 
anter ior , and lateral to the anter ior tibial 
s p i n e 2 (Figure 1 ) . 

T h e A C L itself consis ts of col lagen and 
elastic fibers conformed in a band- l ike 
fashion. T h e band can be divided into two 
sect ions: an Anter ior Medial Band ( A M B ) 
which is taut during flexion and lax near 
full ex tens ion , and a Poster ior Lateral B a n d 
(PLB) wh ich is taut during extens ion and 
lax in h igher degrees of f l e x i o n . 2 , 6 , 3 9 T h e 
A C L ' s looses t posi t ion occurs be tween 40° 
and 50° of flexion, w h e r e nei ther the P L B 
nor the A M B have significant t e n s i o n . 1 8 

T h e stability of a knee at any single m o ­
men t is a function of four factors: l igament 
tightness, congruency o f the articular jo in t 
surfaces, the effect of internal forces from 

the menisc i , and the effect of musc le ac ­
t i o n . 2 2 For example , jo in t loading has b e e n 
s h o w n to significantly reduce anter ior /pos­
terior lax i ty—probably due to increased 
jo in t cong ruency and meniscal compres ­
s i o n . 3 2 Cabaud descr ibes the A C L as an e s ­
sential s tructure on which mammal i an 
knee jo in t stability depends , and as the 
" K e y s t o n e " of control in the complex fluid 
flexion and rotat ion of the normal k n e e . 6 

The A C L has been shown extensively to be 
the pr imary structure controll ing anter ior 
d rawer of the tibia in relat ion to the 
f e m u r . 4 , 6 , 7 , 1 1 , 1 8 , 1 9 In fact, values as high as 
8 8 . 8 % of the total resist ing force to anterior 
tibial mot ion have b e e n attr ibuted to the 
A C L . 1 6 In ternal rotat ion of the tibia in­
creases tens ion on the A C L in all degrees 
of f l e x i o n . 6 , 1 1 , 1 8 The A C L serves to transfer 
force from the anter ior superior tibia to the 
poster ior distal femur. And , finally, it as ­
sists in limiting internal rotation and con­
tributes to the rotat ion centers of the nor­
mal knee . 

ACL Injuries 
A C L injuries are quite prevalent and , as 

society b e c o m e s more or iented to fitness 
and sports activity, are becoming increas­
ingly more c o m m o n . Torg presents statis­
tics showing that 6 9 % of all knee injuries 
p resen ted for a r throscopy for " internal de­
r a n g e m e n t " of the knee involved damage 



Figure 1. The anterior cruciate ligament. 

to the A C L . 3 6 T h e li terature descr ibes four 
m e c h a n i s m s capable of producing forces 
o n the A C L larger than it can transfer, 
the reby sever ing it. T h e mos t c o m m o n of 
the four is external rotat ion and abduct ion, 
the force mechan i sm presen t in mos t foot­
ball and skiing injuries. A n external rotat­
ory m o m e n t is crea ted by a c leated shoe in 
combina t ion with an internal h ip rotat ion. 
T h e same type of force is appl ied by a ski 
act ing as a lever arm. W h e n a large abduc-
tive force is appl ied to the tibia by another 
player or the skier cont inu ing downhi l l 
and then firing his femoral adductors , the 
A C L t e a r s . 8 , 1 8 A second c o m m o n m e t h o d 
of injury is ex t reme internal rotation of the 
tibia, such as cross ing of ski tips.6' 2 2 T h e 
third injury m e c h a n i s m is hyperex tens ion 
to the degree w h e r e the poster ior capsule 
a n d poster ior cruciate have already been 
compromised . T h e last injury m e c h a n i s m 
is a large anter ior ly-di rected poster ior 
force, such as cl ipping in foo tba l l . 1 8 

Anterior Drawer 

M a n y studies have documen ted the dif­
ference in anterior drawer , both in vivo 
and in vitro, w h e n the A C L is torn. K o -
chan , et al. found that at 20° of flexion with 
200 N (Newtons ) or about 45 lbs of ante­
rior t ibial force appl ied , the an ter ior 
drawer increased from 5.9 ± 2.1 m m for a 
normal knee to 12 .2 ± 4 .2 m m for an 
ACL-def ic ien t k n e e . 1 9 T h e s e n u m b e r s may 
be affected by the l imitation of internal ti­
bial rotat ion upon anter ior drawer caused 
b y a locked foot plate used in these 
s tudies . Daniels , et al., using a less accurate 
K T - 2 0 0 0 and al lowing for tibial rotat ion, 
obta ined values for cadaver and in vivo 
knees at 89 N (20 lbs) . Cadaver s tudies 
s h o w e d an increase from 5.8 ± 2.3 m m for 
the intact knee to 12 .1 ± 2.9 m m w h e n the 
A C L is severed (mean increase w a s 6.3 ± 
2 .0 m m , with a range of 2 to 10 m m ) . In 
vivo, this same s tudy obta ined values of 



7.4 ± 1.7 m m for the normal knee and 13 .0 
± 3.5 m m with the A C L absen t . 7 

In a s tudy by Fukubayash i , et al. an te­
rior drawer increased 3 0 % w h e n free tibial 
rotat ion was a l lowed. The s tudy explained 
that this rotat ion w a s internal and that the 
largest anter ior d rawer w a s obta ined at 
30° of flexion (7 .0 m m at 100 N — 2 2 . 5 
lbs) . T h e y also demons t ra ted that anterior 
d rawer of an ACL-def ic ien t knee increased 
2 .5 t imes that of the intact knee b e t w e n 15° 
and 45° of flexion at this s ame force l eve l . 1 1 

While actual anter ior drawer values n e e d 
to be de te rmined us ing larger sample sizes 
a n d cons is ten t force levels, the fact re ­
mains that anter ior drawer of the tibia is 
pr imari ly control led by the A C L , and that 
these mot ions are ex t remely small in mag­
ni tude. To control anter ior drawer to 
wi th in normal values m e a n s to restrict 
m o v e m e n t to less than 1/5". At this point , 
the stiffness of the force versus displace­
m e n t curve is h igh (83 ± 17 N / m m for 
normal k n e e s and 52 ± 18 N / m m for 
ACL-def ic ien t k n e e s at 200 N of force), a n d 
increased force yields a less proport ional 
increase in anter ior d r a w e r . 2 5 Al lowing 
even 1/2" o f anter ior tibial mot ion is se ­
verely detr imental to secondary structures 
and normal knee mot ion . 

Rotatory Instabilities and 
Pivot Shift 

T h e mos t problemat ic and destruct ive 
occur rence to the ACL-def ic ien t pat ient is 
not necessar i ly pure anterior drawer, but 
the resul t ing rotatory instabili t ies that are 
a l lowed to occur. T h e s e instabilit ies have 
b e e n classified by Hughs ton , et al. and 
have received cons iderable recent at ten­
tion in the l i t e r a t u r e . 1 4 ' 1 5 T h e reasons for 
this a t tent ion is the realization that rotat­
ory instabil i t ies cause severe degenerat ive 
changes and jeopard ize secondary struc­
tures, wh ich can be further disabling to the 
pat ient . T h e long te rm degenera t ive effects 
of rotatory instabil i t ies are not yet known, 
but early ev idence sugges ts the accelera­
tion of degenera t ive changes . 

Rota tory instabil i t ies are classified as 
four major types . Here , w e will focus on 
the two types that are related to anter ior 

tibial movemen t : Anter ior Lateral Rota tory 
Instabili ty (ALRI) , in which the lateral as ­
pect of the tibia subluxes anteriorly and 
A n t e r i o r M e d i a l R o t a t o r y I n s t a b i l i t y 
( A M R I ) , w h e r e the medial aspect of the 
tibia subluxes abnormal ly in the anter ior 
d i r e c t i o n . 1 4 , 1 5 

ALRI is the more debilitating of the two 
anter ior rotat ional instabilit ies, primarily 
because the lateral compar tmen t exper i ­
ences greater s t ress during extens ion than 
does the medial compar tment . T h e great­
est s t ress occurs on the poster ior lateral 
ho rn of the lateral m e n i s c u s . 1 5 Hughs ton , 
et al. con t inues , stating that this can b e 
demons t ra ted by the fact that the pos te ro­
lateral l igaments are b igger and s t ronger 
than the medial s t ructures, possibly due to 
evolu t ionary react ion to the inc reased 
s t r e s s . 1 5 A L R I is b rought about by two 
events : increased anterior d rawer of the 
tibia and a shift of the t ransverse axis from 
its normal posi t ion to a point further m e ­
dial. T h e li terature identifies this latter 
even t as the Pivot Shift Mechan i sm. 

T h e normal location of the t ransverse 
axis ( the center of tibial rotat ion) b e t w e e n 
0° and 30° of flexion is slightly poster ior 
and slightly medial to the bi-sect ion of the 
tibial p l a t e a u . 3 7 , 3 8 , 3 9 A s h igher degrees of 
flexion occur , its location migrates slightly 
medial ly and poster ior ly . 3 (Figure 2 ) . 

W h e n the A C L is absent , the ins tant 
cen te r of the knee moves from this posi­
tion.10 The cen te r of rotat ion m o v e s m e ­
dially and posteriorly from its normal 
point to a point well inside the medial 
compar tmen t , as s h o w n in Figure 3 . 9 , 2 2 

The effect of this pivot shift is an increase 
in the leng th of the lever arm to the lateral 
tibial condyle . This al lows product ion of a 
larger angular r ad ius . 3 5 T h e combina t ion of 
the pivot shift ( increased lever a rm) and 
increased anter ior d rawer al lows the lat­
eral tibial condyle to significantly sublux 
anteriorly. A number of s tudies have no ted 
the act ion of the femur sliding off the pos ­
terior lateral condyle of the t i b i a . 1 2 , 2 3 This 
sl iding causes i m p i n g e m e n t of the pos te­
rior horn of the lateral men i scus and will 
mos t l ikely cause damage to this s tructure 
over t i m e . 5 It is impor tan t to unders tand 
that A L R I is a two-even t si tuation and that 



Figure 2. The tibial plateau in a nor­
mal knee, showing location of nor­
mal rotation center at 20° flexion. 

Figure 3. ALRI. Tibial plateau in an 
ACL injured knee, showing pivot 
shift. Lever arm to lateral tibial pla­
teau increases. 

Figure 4. AMRI. The tibial plateau, 
showing both ACL and MCL pivot 
shift. Lever arm to lateral tibial pla­
teau becomes significant. 



rotatory instabili ty is an anter ior /poster ior 
mot ion , and is not control led primarily by 
medial / lateral stabil izers. It is reasonable to 
expect , then, that by l imiting anter ior 
drawer , A L R I will be reduced . 

In injuries tes ted within two w e e k s of 
ar throscopy, the pivot shift was more sen­
sitive in accurate d iagnosis ( 8 8 . 8 % ) w h e n 
c o m p a r e d to the L a c h m a n and Anter ior 
D r a w e r S ign Tests . In cases p resen ted after 
two w e e k s , the L a c h m a n and Pivot Shift 
tests were not found to be significantly dif­
ferent ( 8 4 . 6 % ) . 1 6 T h e pr imary inf luencing 
factor here was the change in the center of 
rotat ion. 

A M R I occurs primarily in the pat ient 
w h o has a combina t ion of injuries wh ich 
c o m p r o m i s e the medial collateral l igament 
( M C L ) as well as the A C L . Isolated sec­
t ioning o f the M C L does not produce sig­
nificant increases in anter ior drawer, or in 
A M R I whi le the A C L is i n t a c t . 3 2 , 3 4 W h e n 
the A C L and M C L have both been fully 
incapaci ta ted , the pivot cen te r of the knee 
shifts far laterally to the lateral compar t ­
ment . T h e long lever a rm to the medial 
aspect of the tibia, in combina t ion with in­
c reased anter ior drawer, a l lows anterior 
media l tibial sub luxa t ion . 3 3 (Figure 4 ) . 

Th is discussion of rotatory instabilit ies 
indicates that these harmful mot ions are 
anter ior /poster ior in direction and, there­
fore, are primarily control led by the A C L . 
T h e A C L is a large contr ibutor to the loca­
tion of the t ransverse axis of rotat ion. No t 
until it is absent do the medial/ lateral 
s t ructures largely inf luence the location of 
this rotat ion cen te r significantly. 

ACL Tears 
T h e area of the A C L that tears has been 

correla ted in the literature to the strain rate 
at wh ich the force is appl ied. T h e s t rength 
and function of the A C L under loading is 
de te rmined by the structural a r rangement 
of the fibers and the proport ion of elastic to 
col lagen f i b e r s . 1 3 , 2 8 W h e n the strain rate is 
s low, the l igament /bone complex is com­
promised first, and comple te separat ion 
usual ly occurs in this area. T h e elastic 
m o d u l u s of can ine preparat ion under s low 
strain rate was s h o w n to be 200 megapas -

c a l s . 1 3 A t a fast strain rate, tears occur in 
the mid- l igament s e c t i o n . 2 6 , 2 7 E v e n though 
an A C L m a y appear intact arthroscopically, elec t ron microscopy shows the micro 
fibrils of the col lagen fibers to have b e e n 
disrupted, decreas ing the effect iveness of 
t he A C L in control l ing anter ior tibial 
f o r c e s . 1 7 , 2 6 , 2 7 

T h e force required to disrupt the A C L 
varies widely due to differences in the size 
a n d shape of individuals . Older individu­
als have less A C L st rength than younge r 
a d u l t s . 2 7 Noyes , et al. demons t ra ted this, 
p resen t ing m a x i m u m A C L forces of 1730 ± 
660 N (388 ± 148 lbs) in a group of 16 to 26 
year olds and 734 ± 266 N (165 ± 60 lbs) for 
a 48 to 86 year old group . Fur ther , their 
s tudy conc luded that the ratio be tween 
l igament separat ion and body mass was 33 
N/kg for the 16 to 26 year old group and 10 
N/kg for 48 to 86 year o l d s . 2 7 Trent , et al. 
d i scussed the force per unit strain on the 
A C L (resting length times average stiffness 
of force versus deflection curves) as being 
310 kg (141 l b s ) . 3 7 Resul tant forces in knees 
r ange from 480 ± 35 N (107 ± 7 . 8 lbs) dur­
ing walking, to 1020 ± 48 N (229 ± 10 .7 
lbs) dur ing running, and 3280 ± 103 N (737 
± 23 lbs) in world-class long- jump ath­
l e t e s . 2 4 Forces genera ted during running 
have b e e n presen ted as be ing 2 5 0 % of the 
body we igh t . 1 

Since l igament tears do occur , it fol lows 
that the forces to which knees are some­
t imes subjec ted exceed these normal val­
ues . Complex l igamental tears imply even 
h igher force levels . It is impor tant to rec­
ogn ize that the forces to which knees are 
subjec ted are in the range of hundreds of 
pounds . T h e ene rgy that the knee ' s liga­
m e n t s a t tempt to transfer is ex t remely 
large, occasional ly more than the liga­
m e n t s can absorb. Even more impor tant is 
the realization that the l igaments mus t 
conta in mot ion of less than 7 m m ( 3 /10") 
while susta ining these forces. It is this 
p rob lem that today 's surgeons , physical 
therapis ts , and orthot is ts face w h e n at­
tempt ing to rehabil i tate the knees that 
have sus ta ined A C L tears. 



Secondary Ligamental Structures 
T h e secondary structures that assist in 

anter ior tibial res is tance should also be 
cons idered . O n c e the A C L has been torn, 
there is minimal secondary l igamental 
back up. W h e n an ACL-def ic ien t k n e e is 
required to stabilize against anterior tibial 
subluxat ion, the force mus t be absorbed 
and transferred by the secondary struc­
tures . S e c o n d a r y res t ra ints m a y often 
block clinical laxity tests , but c o m m o n l y 
stretch out in react ion to increased stress, 
a n d do not stabilize the h igher forces ex ­
per ienced during activity. In the ACL-def i ­
c ient knee , the anterior restraining struc­
tures absorb force in the following se­
quence: iliotibial tract ( 2 4 . 8 % ) , mid-section 
of the media l area of the capsule ( 2 3 . 3 % ) , 
mid-sec t ion of the lateral area of the cap­
sule ( 2 0 . 8 % ) , medial collateral l igament 
( 1 6 . 3 % ) , and the lateral collateral l igament 
( 1 2 . 4 % ) . 

The hamst r ings are also pos i t ioned to 
he lp resist anter ior ly-directed forces on the 
tibia. T h e y are se ldom flexed during the 
weight -bear ing phase and, therefore, are 
unable to restrict abnormal m o t i o n . 3 0 E x ­
ternal rotat ion of the knee increases ten­
sion in the medial s tructures of the knee , 
w h e r e a s internal rotat ion t ightens the ilio­
tibial tract, lateral s t ructures, and possibly 
the poster ior c r u c i a t e . 2 0 S h o e m a k e r and 
Markol f s h o w e d that normal knees could 
p roduce a m a x i m u m torque of 20 ± 6.7 
Newton -me te r s (N-m) external ly and 30 .9 
± 9 .6 N - m internally against a fixed force 
plate (20° of flexion, hips ex tended , neutral 
foot posi t ion) . In the same study, they 
s h o w e d that in vitro l igament failure oc­
curred at 41 .3 ± 10 .6 N - m in external rota­
tion.31 Th i s impl ies that even w h e n fully 
f lexed, the internal rotators of the knee 
canno t resist the forces that are appl ied to 
the knee . In summary , clearly there is n o 
structure in the normal knee evolutionari ly 
des igned for or capable of transferring 
force wi th the efficiency of the A C L . 

S e c o n d a r y an te r io r force p roduc ing 
musc le activity is a very important point, 
s ince the quadriceps are very powerful and 
mus t be contrac ted during any ben t -knee 
activity. Isometr ic quadr iceps activity sig­
nificantly increases the strain within the 

A C L relative to normal pass ive strain at 
flexion angles of 10° to 45°. The hamst r ings 
can reduce s o m e strain during s imul tane­
ous quadr iceps activity b e t w e e n 0° and 30° 
of flexion, but not a significant a m o u n t . 3 0 

Perry, et al. s tudied quadr iceps stabilizing 
forces for flexed knees in relation to femoral 
head force. T h e y repor ted that the quadri­
ceps had to produce 7 5 % femoral head 
force at 15° of flexion, 2 1 0 % at 30° , a n d 
4 1 0 % at 60°. T h e y expla ined that a 225 N 
(50 lb) force on the femoral head , in com­
binat ion with the quadr iceps stabilizing ac ­
tivity, p roduced over 600 N of tibio-femoral jo int f o r ce . 2 9 It is impor tan t to realize 
that a l though only a port ion of quadr iceps 
force is t ranslated into anter ior tibial force, 
it mus t be cons idered in all t rea tment plans 
of A C L deficiencies. 

The ACL in Summary 
T h e A C L is the pr imary knee structure 

that provides significant stabilization o f 
anter ior and internal rotat ion m o v e m e n t s 
of the tibia. T h e small magni tude of m o ­
tion and the large force levels that mus t b e 
control led in an ACL-def ic ient knee pre­
sent a difficult t rea tment problem to the 
rehabil i tat ion team. A L R I results from a 
two-par t compos i t e event : a medial and 
poster ior shift of the t ransverse axis of ro ­
tation combined with an increase in an te­
rior drawer. S u c h even t s al low a signifi­
cant subluxat ion of the lateral tibia a n d 
i m p i n g e m e n t of the poster ior lateral m e ­
nisci . ALRI is the m o s t det r imental abnor­
mal mot ion that can occur w h e n the integ­
rity of the A C L has been compromised . 
A n d , finally, secondary l igamental struc­
tures or musc le activity are of little benefi t 
in resist ing abnormal mot ion. 

BIOMECHANICAL 
CONSIDERATIONS IN 
ORTHOTIC DESIGN 

T h e ul t imate orthot ic des ign for treat­
m e n t of the ACL-def ic ien t knee wou ld be 
one in which normal knee mot ion occurred 
w h e n the or thosis was in use . It wou ld be 



Figure 5. Ideal stabilizing forces. 

Figure 6. Two-point pressure system creating stable lever arm. Creates poste­
riorly directed force at joint center. 

Figure 7. Four-point stabilization system required to orthoticly stabilize ACL 
deficient knees. 



comfortable , l ight weight , and remain in 
perfect a l ignment at all t imes . 

Pe rhaps the pa ramount test of an or tho­
sis is h o w effectively it p revents re-injury 
w h e n the pat ient exper iences a force and 
situation similar to the one that originally 
tore the A C L . T h e or thosis mus t transfer 
e n o u g h force to prevent injury to the sec­
ondary structures, which b e c o m e s t ressed 
in the absence of the A C L . The or thosis 
should genera te relative mot ion be tween 
the tibia and femur that closely resembles 
normal mot ion. To accompl ish this, the or­
thosis mus t transfer force from the anter ior 
tibia to the distal poster ior femur, re­
plicating the pr imary function of the A C L . 
T h e or thosis should also resist internal ro­
tation of the tibia on the femur, a second­
ary function of the A C L . 

An Anatomical Joint 
T h e ideal or thosis should incorporate in 

its design a jo int that replicates the exact 
anatomical mot ion of the knee , that is, it 
rotates internal ly upon flexion. T h e fore­
mos t and mos t critical function of the jo in t 
is to transfer force in the anter ior posterior 
plane, wi thout a l lowing anter ior mot ion of 
the tibia. If the jo in ts are anatomical and 
are held in rigid re la t ionship to the femur, 
the tibia will trace anatomical ly. 

At this t ime, a jo in t of pure anatomical 
design and force t ransference does not 
exist . The re are a n u m b e r of jo in t des igns 
on the market that are advert ised as be ing 
" a n a t o m i c a l . " However , mos t of these in­
corpora te a slide pivot feature, which al­
lows a lmost no res is tance to forward m o ­
tion. T h e s e designs do not restrict anter ior 
drawer of the tibia. 

An Effective Force Transfer 
Mechanism 

Next , an ideal or thos is must stabilize the 
jo in ts in relation to the femur so that their 
re la t ionship does not change during activ­
ity. T h e main object ive is to transfer force 
from the anterior superior tibia to the pos ­
terior distal femur. If equal and opposi te 
forces are directed posteriorly on the ante­
rior super ior tibia, and anteriorly on the 

poster ior distal femur, the re la t ionship o f 
the tibia a n d femur remains cons tan t (Fig­
ure 5 ) . 

T h e applicat ion of pressure directly to 
the anterior superior tibia presents n o 
problem, s ince it lies directly under the 
skin. H o w e v e r , applying force to the pos ­
terior distal femur is ano the r matter . P res ­
sure may not be placed directly on this 
area due to the large concent ra t ion of cir­
culatory and nervous sys tem ana tomy be ­
neath . Therefore , it b e c o m e s necessary to 
e m p l o y an al ternate m e t h o d o f force 
transfer. 

To create this stabilizing situation, a 
two-poin t pressure sys tem mus t be im­
plemented . The first pressure point is lo­
ca ted on the femur, as far distal as com­
fortable knee flexion will allow. The sec­
ond point is on the anterior superior thigh. 
T h e s e two poin ts create a lever-arm sys­
tem of stabilization with a mechanica l ad­
vantage , as s h o w n in Figure 6. 

Poor anter ior /poster ior test results have 
character ized m a n y of the or thoses pres ­
ent ly available on the market . W h e n the 
tibia moves anteriorly, the force is t rans­
ferred to the jo in t s . If the jo in t s transfer 
t h i s fo rce e f f ec t ive ly , t h e y m u s t b e 
stabilized by the or thosis at the poster ior 
femur . In conven t iona l o r thoses , this 
stabilization is effected by ei ther an elastic 
or non-e las t ic strap. Elast ic straps canno t 
limit mot ion to a few mil l imeters under 
hundreds of pounds of force. Non-elas t ic 
s trapping, on the o ther hand , does not 
stretch, but ins tead imbeds itself into the 
soft t issue wi th a compress ion force equal 
to the original anter ior tibial force. T h e dis­
tance the strap imbeds into the soft t issue 
under hundreds of pounds of force is more 
than the few mil l imeters of normal anter ior 
mot ion that can be a l lowed. Sta t ic tests 
have s h o w n that both elastic strap mode l s , 
such as Lenox Hill, and non-elas t ic strap 
des igns , such as C.Ti . , control anter ior 
drawer effectively only at force levels of 15 
a n d 20 p o u n d s , respec t ive ly . Ne i the r , 
t hen , can effect ively cont ro l anter ior sub­
luxat ion unde r d y n a m i c s i t ua t i ons . 3 



Other Considerations 
T h e ideal or thos is mus t incorpora te 

three o ther features in its design. First, it 
mus t p roduce a resis tant force equivalent 
to the anterior force genera ted by quadri­
ceps contract ion. S e c o n d , the tibial sect ion 
of the or thosis mus t not be a l lowed to 
leave the tibia w h e n the leg reaches termi­
nal swing. T h e or thosis has anter ior inertia 
a n d does not have hamst r ings to deceler­
a te it as the h u m a n leg does . 

Third , if the or thosis canno t restrict ab­
normal anter ior tibial mot ion as precisely 
as the A C L does , it mus t limit ex tens ion to 
- 1 0 ° of the full position. Limiting extension 
is necessary due to the increase in l igament 
s tress and articular pressure , classically 
t e rmed the " s c r e w - h o m e " mechan i sm. If 
the k n e e is abnormal ly rota ted w h e n ap­
proach ing full ex tens ion , secondary struc­
tures such as the menisci can be p inched 
and damaged . S ince an ideal jo in t des ign 
does not exist , an extens ion- l imi t ing fea­
ture mus t be incorporated in the design of 
the or thosis . O n c e again, compress ion of 
the soft t issue on the femur using elastic 
and non-e las t ic straps creates p rob lems . 
T h e y canno t exert p roper force on the pos ­
terior femur and gas t rocnemius to control 
ex tens ion a n d hyperex tens ion forces. 

Knee Orthoses In Summary 
T h e pr imary conce rn in the design o f an 

ideal or thos is mus t be to limit anter ior 
d rawer to less than 10 m m of mot ion unde r 
hundreds of p o u n d s of force. To ac­
compl i sh this, the or thosis mus t incorpo­
rate jo in t s that can effectively transfer force 
in all degrees of flexion and at least four 
pressure points (Figure 7) : a two-point 
stabilization sys tem to resist anter ior jo int 
mot ion , a point on the anter ior superior 
tibia to transfer force to the jo in ts , and a 
fourth point in the distal poster ior gas t roc­
nemius are to he lp decrease the or thos is ' 
o w n inertial energy at terminal swing. It 
mus t a lso counteract the anter ior tibial 
force genera ted by quadr iceps contract ion. 
Finally, the ideal or thosis mus t limit full 
ex tens ion to avoid the s t rong pivot shift 
wh ich occurs during the " s c r e w - h o m e " 
m e c h a n i s m . 

IN REVIEW 
T h e anter ior cruciate l igament is the 

main stabilizing structure to control an te­
rior drawer of the tibia. It also resis ts inter­
nal rotat ion of the tibia at a n y single degree 
o f f l e x i o n . I t s p r i m a r y f u n c t i o n b y 
ana tomica l a t t achment is to transfer force 
from the anterior superior tibia to the pos ­
terior distal femur. 

T h e difference in the amoun t of mot ion 
that occurs in normal and ACL-def ic ient 
k n e e s is very small (approximate ly 7 m m , 
or 3 /10") . T h e knee can potentially experi­
ence forces of several hundred pounds . 

W h e n the A C L is compromised , rota­
tional instabil i t ies occur. The severi ty of 
these rotational instabilit ies is de te rmined 
by the total a m o u n t of damage susta ined 
by the secondary structures. The combina­
t ion of the medial and poster ior shift of the 
t ransverse center of rotat ion and increased 
anter ior drawer p roduces a large angular 
m o m e n t of the lateral tibial condyle . Th is 
subluxat ion al lows the femur to slide off 
the poster ior lateral corner of the tibia and 
often causes imp ingemen t of the poster ior 
horn of the lateral menisc i . 

T h e pr imary function of an or thosis de­
s igned for the A C L deficient pat ient is to 
replicate a normal A C L , reducing abnor­
mal anter ior mot ion of the tibia by trans­
ferring the force to the femur. 

A m i n i m u m of four pressure points are 
required to stabilize the large forces in­
volved in the ACL-def ic ien t knee . The 
femoral sect ion mus t be con toured to 
apply forces accurately in minimizing soft 
t issue compress ion and internal tibial rota­
tion at s ingle degrees of flexion. T h e femo­
ral sect ion mus t utilize a two-pressure-
point design to resist anter ior jo int mot ion. 

Fur ther research mus t be conduc ted to 
p roduce the ideal o r thos i s—one which 
prevents degenera t ive changes and injury 
to secondary structures, and al lows patient 
activity with comfort and security. 
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