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Abstract
Purpose:  To design a technique aimed at  reducing the incidence of residual laxity in 
anterior cruciate ligament  (ACL) surgery. 
Mat erials and met hods:  An anatomic study was performed in 20 cadaver knees and in 50 
human femurs and 50 human t ibias. In addit ion, a mechanical study was made of the 
consequences of sect ioning the bundles in the cadaver knee. 
Result s:  The ACL presented with a t ibial piriformis at tachment , with an oblique greater 
axis and an area of 15.8?11.6mm. The femoral at tachment  was egg-shaped (15?8mm) 
with a 15-30° inclinat ion with respect  to the posterior cortex. The length of the 
anteromedial (AM) bundle was 34±4,5mm and of the posterolateral (PL) bundle 22±4mm. 
The double-bundle technique caused 32.8% more bone resect ion than the single tunnel 
technique, but  resulted in 62.5% less st ress on the fi xat ion system; maximum load to 
failure was 785N. On being sect ioned, both bundles showed, at  neut ral rotat ion and 30° 
fl exion, ident ical behaviors. The greatest  st rains were withstood by the AM bundle when 
the knee was at  95° fl exion and neut ral rotat ion, and by the PL bundle when the knee 
was in extension and external rotat ion. 
Conclusions:  Reproducing the double-bundle morphology of the ACL is a successful method 
that  is well-adapted to the anatomy and biomechanics of the ACL and that  can be carried 
out  through a single t ibial tunnel.
© 2008 SECOT. Published by Elsevier España, S.L. All rights reserved.
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Introduction

Greater knowledge of anatomical and biomechanical 
characterist ics of the anterior cruciate ligament  (ACL) helps 
to improve surgical techniques, and to prevent  and 
rehabilitate knee j oint  lesions. 

The ACL is a three-dimensional st ructure of dense 
connect ive t issue that  j oins the t ibia and the femur. In the 
t ibia it s insert ion is on the pre-spinous area of the t ibial 
plateau, and from there it  runs up, back and outwards, 
insert ing on the posterior half  of the intercondylar notch of 
the femur condyles1.  The ACL is one of the st ructures that  
suffers most  damage during sports act ivit ies2 and given its 
lack of spontaneous repair capacity, once there is j oint  
instabilit y, it  requires repair surgery to restore damaged 
knee stabilit y and kinemat ics, and prevent  degenerat ive 
changes and damage to the menisci3;  although there is no 
proof that  reconst ruct ion eliminates all risk4,5.  

If  lack of stabilit y on rotat ion persists after ACL 
reconst ruct ion, it  is our opinion that  surgery restoring 
double-bundle anatomy may prevent  j oint  instabilit y. In this 
study we describe the types of fi bers that  compose the ACL 
and its insert ions; furthermore we analyze the cont ribut ion 
of each one of it s bundles to j oint  stabilit y, so as to design 
a double-bundle technique that  will preserve the two 
original ligament  bundles. 

Materials and methods

Knee j oints of 18 fresh cadavers were studied (36 knees), 
corresponding to adult  males of 35 to 75 (mean, 66) years 
of age with a height  of 162 to 173 (mean, 167) cm, to 

examine the st ructure and type of fi bers, as also the 
insert ions, length and diameter of the ACL. 

After removing the synovial membrane by micro-
dissect ion with a surgical microscope (Zeiss®) the in situ 
ligament  was studied, then the 2 bundles were ext racted, 
detached proximally and distally, their length and their 
diameter measured with a digital caliper (Vernier®).  To 
measure and determine the locat ion of the insert ion areas, 
50 femurs and t ibias from previously classifi ed cadavers 
were used. 

The biomechanical study was based on an engineering 
mathemat ical analysis and a biomechanical cadaver 
analysis. 

A theoret ical mathemat ical analysis was carried out  to 
determine the volume of the cylinder formed by the bone 
tunnel and the contact  area of the ligament  or area of the 
cylinder. A double tunnel in the femur means that  the bone 
volume to mechanize is equal to the addit ion of the volume 
of the bundles within the tunnel, which will be determined 
by the thickness of each independent  hamst ring ligament  
repair, since the size of the tunnel is direct ly proport ional 
to the thickness of each of the bundles, to obtain a complete 
fi ll.  

On the medial facet  of the external femur condyle there 
is a cylinder with a bone volume to be mechanized which is 
equal to the volume of the ligament  repair within the bone 
according to the formula: v=π r2 h, in which r is radius, h 
length of the port ion of the ligament  within the bone, and 
which in the case of a double tunnel would be the addit ion 
of: v=π r

1
2 h+π r

2
2 h. 

Furthermore, the bone contact  area is equal to the 
contact  area of each bundle within the bone, which in this 
case, as there is t ransfi xing femoral fi xat ion, will be 360° of 
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Reconstrucción anatómica bifascicular del ligamento cruzado anterior

Resumen
Obj et ivo: diseñar una técnica que mej ore las laxitudes residuales en las cirugías del liga-
mento cruzado anterior (LCA). 
Mat erial  y mét odo: se efectuó un estudio anatómico en 20 rodillas de cadáver y en 50 
fémures y 50 t ibias humanas. Además, se analizó mecánicamente el comportamiento t ras 
la sección de los fascículos en la rodilla del cadáver. 
Result ados: el LCA presentó una inserción piriforme en la t ibia, con ej e mayor oblicuo y 
un área de 15,8 ? 11,6mm. La inserción femoral fue ovoidea (15 ? 8mm) con 15-30° de 
inclinación respecto a la cort ical posterior. La longitud del fascículo anteromedial (AM) 
fue de 34 ± 4,5mm y el posterolateral (PL) de 22 ± 4mm. La técnica de doble fascículo 
most ró un 32,8% más de resección ósea que el monotúnel, pero con un 62,5% menos exi-
gencias para el sistema de fi j ación; las cargas máximas hasta la rotura fueron de 785N. 
La sección de los fascículos most ró, en rotación neut ra y 30° de fl exión, un comporta-
miento idént ico de ambos fascículos; con la rodilla en fl exión de 95° y rotación neut ra, 
el fascículo AM soportó mayores tensiones mient ras el PL las mantuvo en extensión y en 
rotación externa. 
Conclusiones: la reproducción de la morfología bifascicular del LCA se adapta a la biome-
cánica y a la anatomía del LCA, siendo posible hacerlo a t ravés de un único orifi cio t i-
bial.  
© 2008 SECOT. Publicado por Elsevier España, S.L. Todos los derechos reservados.
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the tunnel and will be calculated by the formula v=2 π r h, 
also r is the radius and h the length of the part  of the 
ligament  within the bone, which in the double tunnel is the 
addit ion of v=2 π r

1
 h+2 π r

2
 h. 

If  a parallel double tunnel (such as we suggest ),  or a 
double oblique tunnel,  or a diverging one (such as is used 
by double bundle techniques in the therapeut ic 
armamentarium) are used it  is possible to study how the 
forces are decomposed. Applying a mathemat ical study it  is 
seen that  the t ract ion of both bundles, whether they are 
divergent  or parallel,  decompose their forces in three 
direct ions with relat ion to the axis of  applicat ion of said 
forces, and according to angle α or the angle of bundle 
at tack. These three direct ions are known as: force F

t
 or 

t ransverse t ract ion or grazing force of the bundle at  the 
ent rance to the bone tunnel,  force F or pure t ract ion force 
or force of the ligament  on the bone in the tunnel,  and F

1
 

force, which is the force of the bundle or neo-ligament  on 
the fi xat ions in the same direct ion as the bundle and the 
tunnel axis. 

Ligament  laxity was assessed and, using a type KT-1000 
(Medmet ric®) arthrometer, the involvement  of the ACL and 
each of the bundles on anteroposterior and rotat ion stabilit y 
in the cadaver was determined, as also the applicat ion of 
the necessary anterior force on the t ibial plateau to obtain 
the so-called “ maximum manual measurement ” . We 
determined laxity in 20 knees with intact  ACLs, at  30° and 
95° fl exion in neut ral rotat ion of the leg and in external 
rotat ion of 30° . Subsequent ly, in 8 cadaver j oints, we 
excised the anteromedial bundle (AMB), and in another 8 
the posterolateral bundle (PLB), and in 4, both bundles 
(AMB and PLB); and assessed the effect  of each of these 
changes on the same degrees of rotat ion and fl exion as 
those studied with the intact  ACL. 

Results

The ACL has its insert ion on the pre-spinous area of the 
t ibial plateau, and runs up, back and outwards, to insert  on 

the posterior half  of the intercondylar notch of the external 
femur condyle (fi g. 1), with two clearly ident ifi able bundles: 
the anteromedial and the posterolateral.

The osteoligament  j unct ion at  the femur insert ion is on 
the posterior part  of the medial facet  (intercondylar) of the 
external femur condyle. Our results show that  the ACL 
insert ion on the femur has a semicircular shape in 58% of 
cases and an oval shape in the rest  (62%), although individual 
variat ions are important . The greater diameter was found 
to be almost  vert ical.  The measurements of the ACL insert ion 
on the 50 femurs studied had a diameter greater than 
15±2.6 mm in length and 8±2.9 mm in width. 

Both ACL ligament  bundles widened at  the femur 
insert ion. The maj or axis of the insert ion area was not  found 
– in any of the cases studied – to be parallel to the longitudinal 
axis of the posterior cort ical plane of the femur, on the 
cont rary it  had a variable 15° to 30° angle gradient  (fi g. 2) 
and the insert ion area was at  a minimum distance from the 
cart ilage (3±0.9 mm). 

From its femur insert ion, the ACL goes forward, towards 
medial and distal,  takes on a fan shaped dist ribut ion, and 
increases its diameter when it  reaches the t ibial insert ion 
area (fi g. 3) the t ibial insert ion area is in a fossa on the 
anterolateral part  of the spine with relat ion to the anterior 
horn of the lateral meniscus to which it  sends some 
expansion fi bers. 

We measured the shape of the ACL insert ion on 50 t ibias 
and determined that  it  is pear-shaped, oval and semi-
t riangular, with the widest  part  facing forward, with a 
greater oblique axis from anterior to posterior and from 
lateral to medial,  measuring 15.8±1.9 mm, and a lesser axis 
measuring 11.6±2.2 mm The anterior part  of the t ibial 
insert ion was found to be 2.5±0.5 mm behind the anterior 
insert ion of the lateral meniscus. 

The measurements of the length of the ACL, once it  is 
detached from its bony insert ions, showed dif ferent  values 
for the AMB and the PLB, with mean values of 34±4.5 mm 
and 22±4 mm, respect ively. The AMB originates in the most  
anterior and proximal part  of the femur and has its insert ion 
on the anterior part  of the t ibial spine. And the PLB 

Figure 1 Medial view of the ACL after excising the medial femoral condyle in which both bundles can be clearly seen: anteromedial 

(AM) and posterolateral (PL).
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originates more distally and slight ly posteriorly on the 
femur and ends on the t ibia, posterior to the insert ion of 
the AMB. 

On a sagit tal view, with the knee in extension, the ACL 
bundles are parallel;  during fl exion there is a slight  rotat ion 

of the ligament  on its longitudinal axis, with the AMB 
covering the rest  of the ligament  (fi g. 4). In all the cadavers 
we saw that , with the knee in extension, the fi bers of the 
two bundles of the ACL were parallel and the PLB was under 
greater tension than the AMB. 

Moving the knee from fl exion to extension, the tension of 
the PLB remains high, up to approximately 45° of fl exion, 
whereas when the knee is placed at  90° of fl exion, the 
posterior fi bers relax and the AMB achieves its maximum 
tension. The anatomical movements carried out  after 
dissect ion show that  lengthening and tension of the AMB are 
accompanied synchronically, harmonically and constant ly 
by PLB relaxat ion. 

With reference to ACL part icipat ion in rotat ion 
movements, when the knee was close to 30° fl exion, we 
assessed tensions after sect ion of the bundles (table 1), and 
we saw that  internal rotat ion of the leg increased ACL 
tension more than external rotat ion. 

Using a 7 mm single femur tunnel technique, or a 6 mm 
double femur tunnel technique, both with a depth of 30 
mm; from a mathemat ical point  of view and after applying 
the formula detailed above, we found that  the tunnel bone 
volume that  had to be regenerated, or equally the volume 
of bone to be excised, in the single tunnel was 1,507.2 μl 
and in the double tunnel was 2,001.7 μl (1,153.9 μl and 
847.8 μl in each tunnel). Furthermore, the bony contact  
area or the area of contact  between the ligament  repair 
and the bone was, with a single bundle, 753.6 mm2 and with 
a double bundle 1,224.6 mm2 (659.4 mm2 and 565.2 mm2 in 
each tunnel). 

Clinically these fi ndings t ranslate into the need for 2 
independent  tunnels of 7 and 6 mm, instead of a single 8 
mm tunnel, excision of 32.8% more bone than with the 
single tunnel technique, and an increase of contact  area of 
64.5% with this ligament  repair. 

We analyzed the forces of the ligament  repair with two 
parallel tunnels (fi g. 5), the angle of at tack of the PLB was 
135°, so on force decomposit ion (as was explained above) 
there was a t ransverse force of t ract ion or F

t
 tending to 

graze and possible enlarging the greater opening that  with 
a divergent  bundle (fi g. 6) so that  in said F

t
 it  will be 0, 

since the force is always applied in the direct ion of the 
bundle and the tunnel. Therefore, with our technique there 
will be a greater index of frict ion or grazing according to 
said angle. 

Assessment  of t ract ion forces by means of fi xat ion means 
that  apply a t ract ion force to the bundle at  an · angle of 
135° (PLB) with the technique of the double parallel bundle 
(F

1
<F), in comparison with the divergent  technique where 

these forces are equal (F=F
1
):  Therefore at  an α angle of 

135° the tensions supported by the double parallel bundle 
are 30% less than with the divergent  double technique, with 
the same bundle t ract ion. So that  said fi xat ions have a 
lower cyclic or repet it ive t ract ion load. 

Discussion

The ACL is formed by two bundles6–9,  the AMB, which 
originates near the j oint  cart ilage and ends in the pre-
spinous area of the t ibia, and the PLB, which originates 

Figure 2 ACL at tachment  area on the femur and angle with 

respect  to the posterior cort ical plane; it s oval or semicircular 

shape can be seen.

Figure 3 At tachment  area of the ACL on the j oint  surface of 

the t ibia and its relat ion to the A-P axis and the piriformis 

area.
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beneath and behind the AMB and ends on the t ibia behind 
the AMB. Other authors defi ne the ACL as formed by 3 
bundles (AMB, intermediate bundle, and PLB)10–13.  We have 
not  been able to establish this anatomical dif ference. As far 
as its insert ion areas, we agree with what  is held by many 
publicat ions in that  the ACL widens into a sort  of funnel6,7,14,15 
that  has a width 3 to 3.5 t imes the thickness of the mid-
sect ion of the ligament 16.  

According to some authors, the femur insert ion is 
semicircular, for others it  is oval1,17;  in our study it  was 
semicircular in 58% of cases, with values for the greater 
diameter of 15±2.6 mm and for the lesser diameter of 8±2.9 
mm, these numbers are slight ly inferior to published data, 
but  we consider this may be related to anthropomet ric 
characterist ics of the populat ion. We agree with most  
authors in that  the greater axis is not  parallel to the Figure 5 Double parallel bundle forces decomposit ion.

Ft = Transverse friction force in the bone tunnel

F = Force exerted by the ligament on the bone

FI <  F = Longitudinal force borne by the fixations

Sistma de fijación

α < 135°

Table 1 Anteroposterior laxity of the knees after bundle 

sect ion

 30° fl exion 95° fl exion

Neut ral  Rot at ion  

ACL 3.8±1.2 3.1±1.5

PLB 4.2±1.8 4.6±1.5

AMB 3.9±1.2 3.3±2

Ext ernal  Rot at ion 30°  

ACL 3.4±1.4 3.9±1.2

PLB 4.6±2.1 4.8±1.9

AMB 4.4±1.2 3.4±2

AMB: Anteromedial bundle; ACL: anterior cruciate ligament ; 

PLB: posterolateral bundle. 

Figure 6 Double oblique bundle forces decomposit ion.

Ft = 0 = Transverse friction force
in the bone tunnel

FI =  F = Longitudinal force borne by the fixations
= force exarted by the ligament on the bone

Fixation system

α = 0°

Figure 4 Anterior (A) and lateral (B) views, of the ACL with the knee in extension where it  is possible to see the greater tension 

of the PLB and the large anterior insert ion area (in relat ion to the anterior horn of the lateral meniscus) of the fi bers of the AMB.

A B C
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longitudinal axis of the femur, and although variable, it s 
inclinat ion is of 15° to 30°18.  

Tibial insert ion is in a small fossa18 slight ly behind the 
insert ion of the anterior horn of the lateral meniscus, it  is 
pear-shaped with the widest  part  to the front  and oval, 
with the maj or axis from anterior to posterior and from 
medial to lateral measuring 15.8±1.9 mm, and with a lesser 
axis of 11.6±2.2 mm. These values are slight ly inferior to 
those found by other authors, due, possibly to the 
characterist ics of our populat ion. The locat ion of the pre-
spinous insert ion area means that  the anterior fi bers of the 
AMB are more anterior and this affects their horizontal 
posit ion. 

The ACL, according to the literature6,10,12,  has a length of 
22 to 41 mm and a width of 7 to 12 mm. The values we 
found are similar to those specifi ed above18.  We assessed 
the length of both bundles, and found anterior fi bers of 
37±4 mm that  decrease posteriorly in such a way that  the 
posterior fi bers measure 24±4 mm. 

Each bundle has an established funct ion in knee 
stabilit y6,19,20.  When the knee is in extension, the fi bers of 
both ACL bundles are parallel and under tension; however, 
the PLB is under greater tension than the AMB; this tension 
remains high in the PLB up to 45° of fl exion. When the knee 
was placed in fl exion at  90°, the posterior fi bers were more 
relaxed and the AMB was under greater tension. In general, 
the AMB bundle is under greater tension during fl exion and 
the PLB is relaxed, while in extension the cont rary is t rue. 

The data we have obtained show the importance of an 
intact  ACL to cont rol anteroposterior laxity of the knee 
j oint  and, indirect ly, it s stabilizing act ion during j oint  
rotat ion. It  has been proven that  during neut ral rotat ion, 
with the knee at  30° fl exion, the stabilit y of cadaver knees 
depends on both bundles, mainly the AMB, and with the 
knee in 95° fl exion, the AMB bundle is more important . This 
proves that , with the knee in 30° fl exion or more, the laxity 
generated is almost  ident ical for both bundles, which shows 
the importance of synchrony of both bundles to maintain 
j oint  stabilit y. 

Keeping in mind the limitat ions of this study, since it  is 
an in vit ro analysis of cadavers, the assessments of laxit y 
we have carried out  also support  the idea that  both bundles 
(AMB and PLB) behave dif ferent ly.  Sect ion of the AMB 
causes a posit ive anterior drawer test  and a negat ive 
Lachmann test ,  whereas PLB sect ion has the cont rary 
effect .  This data has been proven clinically24 when 
performing isolated reconst ruct ion of the AMB, in which 
anteroposterior laxit y is reduced in 50–60% with the knee in 
30° fl exion. This goes against  the rat ionale of current  
surgical techniques for ACL reconst ruct ion which are based 
on single bundle reconst ruct ion, which funct ionally restore 
the AMB, and this can never duplicate total l igament  
funct ion25,26.  

It  is t rue, however, that  double bundle reconst ruct ion 
requires comprehensive and correct  knowledge of the 
locat ion of ACL insert ions, since the technique requires 
duplicat ion of these insert ions. The wide t ibial insert ion 
leads us to think of the locat ion of the tunnel which is 
maybe not  as posterior as usual, and it  is necessary to t ry 
and locate it  pre-spinously so as to place the AMB 
“ horizontally and not  vert ically”  so that  it  remains in 

posterior. In the same way, the impossibilit y of restoring 
normal kinemat ic movement  of the knee, especially on the 
rotat ion plane, after a single bundle technique, in which in 
spite of surgical techniques carried out  by expert  surgeons, 
it  is seen that  cont rol of rotat ion is impossible28,29.  For this 
reason, nowadays, double bundle ACL reconst ruct ion must  
be considered. 

In conclusion, the ACL is made up of 2 anatomically and 
funct ionally well dif ferent iated bundles, perfect ly 
duplicable, that  t ravel through a single t ibial bone tunnel, 
with a fi xat ion system resistance behavior similar to that  of 
the single bundle technique, and furthermore, with 
suffi cient  resistance to make it  possible to carry out  
accelerated physiotherapy. 
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