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OBJECTIVE: To compare the accuracy of positioning of the femoral tunnel in reconstructing the anterior cruciate ligament by

means of 2 techniques: tibial tunnel and anteromedial portal.

METHOD: Femoral tunnels were drilled in 20 knees from human cadavers by means of arthroscopy. Group I had the femoral

tunnel drilled via a trans-tibial tunnel, and Group II via the anteromedial portal. Four variables were measured: A) posterior wall

thickness; B) tunnel positioning at the notch; C) tunnel inclination in relation to the femoral axis; and D) distance between the

wire guide exit and the lateral epicondyle.

RESULTS: As above, respectively, A) 2.23 mm for group I and 2.36 mm for group II (P =.54); B) 25.5° for group I and 30.0° for

group II (P =.23); C) 23.9° for group I and 32.0° for group II (P =.02); D) 7.8 cm for group I and 3.9 cm for group II (P <.001).

CONCLUSIONS: Both techniques achieved the desired positioning for the femoral tunnel entrance and satisfactory thickness

for the posterior cortex. Drilling via the anteromedial portal may provide greater protection against rupture of the posterior wall.

KEY-WORDS: Anterior cruciate ligament. Knee injuries. Arthroscopy. Reconstruction. Cadaver.

INTRODUCTION

Injury to the anterior cruciate ligament of the knee is a

common pathological condition that leads to a high degree

of morbidity, particularly in young and active patients,1,2

although it is also a problem in the elderly.3

There was a worldwide tendency to treat such patients

with variations on the intra-articular reconstruction surgery

described by Jones in 1963.4 With the advent of

arthroscopy, intra-articular reconstruction using

arthroscopic techniques have been developed and are be-

coming the standard access route for such surgery.1,5-7

One of the most important surgical steps in this tech-

nique is to determine where the femoral tunnel should be

located and how to make it.8-10 This tunnel needs to be con-

structed in such a way as to allow the graft to be positioned

as close as possible to an isometric situation during flexion

and extension of the knee.10-15 The femoral tunnel position

in the intercondyle notch that is considered to be most sat-

isfactory is posterosuperior and at 30° laterally to the cen-

tral position of the intercondyle tunnel (11 o’clock for the

right knee and 1 o’clock for the left knee). It is also rec-

ommended that its posterior wall should be 2 mm in thick-

ness.1,5,7,16

Most authors using arthroscopic reconstruction have

made the femoral tunnel by introducing the femoral guide

through a previously constructed tibial tunnel.1,5,7 However,

some authors have used an anteromedial arthroscopic por-

tal as an access route for introducing the guide and con-

structing the femoral tunnel.6,17,18 They believe that this
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modification has advantages over the classical technique.6,18

However, we have not found any experimental studies com-

paring these 2 techniques.

The aim of the present study was to compare the accu-

racy of femoral tunnel construction by means of these 2

routes.

MATERIALS AND METHODS

Our material consisted of 20 knees from 10 human ca-

davers without evidence of previous traumatic pathologi-

cal conditions. The experiment was carried out in the

Arthroscopy Laboratory of the Institute of Orthopedics and

Traumatology of FMUSP

The method for obtaining the specimens consisted of

an anterior longitudinal skin incision of approximately 30

cm in length, centered on the knee, through which circum-

ferential dissection below the subcutaneous tissue was de-

veloped. Two transversal cuts through all the remaining

structures were then performed to complete the removal of

the specimen as follows: one cut 15 cm above the joint,

with osteotomy of the femur, and the other cut 15 cm be-

low the joint, with osteotomy of the tibia and fibula. Thus,

the knees removed kept all their muscle and capsule-liga-

ment structures.

Each pair of knees was identified, packed in plastic

bags, and frozen at a temperature of –20ºC. The defrost-

ing of each pair was done in an ordinary refrigerator and

started 24 hours before the arthroscopic procedure.

To perform the arthroscopic procedure, each knee was

attached only by the distal femur to a bench-mounted sup-

port. Thus, the joint could be freely mobilized by manipu-

lating the stump of the leg.

The equipment used consisted of a video-arthroscopy

apparatus with an optic with a distal inclination of 30° and

the instruments for constructing the tunnels as follows: a

cannulated drill bit of diameter 10 mm, a guide wire for

the drill bit, and 2 guides (one femoral and the other tibial)

for positioning the guide wire. The femoral guide used was

7 mm, which provides a posterior cortex of 2 mm when

the 10-mm drill bit is used for drilling the tunnel.

The procedure was the same for all the knees and the

following sequence was used:

A) Anterolateral portal incision—a punctiform incision was

made using a no. 11 blade bistoury, 1 cm proximally

to the tibial plateau and immediately laterally to the lat-

eral margin of the patellar tendon. Through this portal,

a trochater was introduced into the joint into which wa-

ter was infused and the optic at 30° was connected. In-

spection of the joint cavity ruled out the presence of

meniscal and ligamental pathological conditions.

B) Anteromedial portal incision—a punctiform incision

was made using a no. 11 blade bistoury, 1 cm proxi-

mally to the tibial plateau and 1 cm medially to the pa-

tellar tendon. The other arthroscopic instruments were

introduced through this portal.

C) The anterior cruciate ligament was excised.

D) The intercondyle region and the region between the

tibial spines was debrided.

The knees were divided into 2 groups as follows: Group

I—Tibial tunnel route, construction of the femoral tunnel

with introduction of a femoral guide by means of a previ-

ously constructed tibial tunnel; Group II—Anteromedial

portal route, construction of the femoral tunnel with intro-

duction of a femoral guide through an anteromedial por-

tal. Group I was composed of 10 knees (5 right knees and

5 left knees). Group II was composed of the pairs for the

knees in Group I.

Methodology for Group I

Construction of the tibial tunnel. The tip of the tibial

guide arm was positioned just in front of the posterior

cruciate ligament (7 mm anteriorly) and slightly anteriorly

to the tibial spines, but displaced towards the medial tibial

spine, at a point that was on a coronal straight line pass-

ing tangentially to the posterior margin of the anterior cornu

of the lateral meniscus.1,5,7 The inclination between the

guide and its arm was adjusted to 55º, and the arm was

kept parallel to the tibial plateau. With the aid of an elec-

tric drill, the guide wire was introduced from a point on

the tibia 1 cm medially to the patellar tendon, through the

metaphysis until it emerged at the tibial plateau. After

checking that the guide wire was well positioned, the tibial

guide was removed and the tibial tunnel was drilled using

the 10-mm cannulated drill bit.

Construction of the femoral tunnel. The femoral guide

was introduced through the tibial tunnel. With the knee

flexed at 60º, the distal support for the guide was kept im-

mediately posteriorly to the posterior cortex of the femo-

ral intercondyle, at a 30º position (11 o’clock for the right

knee and 1 o’clock for the left knee). The guide wire was

then introduced with the aid of an electric drill, from the

superolateral region of the intercondyle until drilling into

the anterolateral cortex of the femoral diaphysis, at which

point the femoral guide was removed. The tunnel was

drilled using a 10-mm cannulated drill bit centered on the

guide wire, until reaching a depth of 30 mm.

Methodology for Group II

Construction of the femoral tunnel. The femoral guide
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was introduced through the anteromedial portal. With the

knee flexed at 115º, the distal support for the guide was

kept immediately posteriorly to the posterior cortex of the

femoral intercondyle, at a 30º position (11 o’clock for the

right knee and 1 o’clock for the left knee). The guide wire

was then introduced with the aid of an electric drill, from

the superolateral region of the intercondyle until drilling

into the anterolateral cortex of the femoral diaphysis, at

which point the femoral guide was removed. The tunnel

was drilled using a 10-mm cannulated drill bit centered on

the guide wire, until reaching a depth of 30 mm.

In both groups, through using a 7-mm femoral guide

and 10-mm cannulated drill bit, which created a tunnel with

a radius of 5 mm centered on the guide wire, the aim was

to obtain a posterior wall of thickness 2 mm in the femo-

ral tunnel.

After concluding the drilling of the tunnels, the knee

joints were dismantled and the femurs were dissected to

remove all the soft parts, such that only the femur itself

was left. Then, the femoral tunnels were studied, and 4 pa-

rameters were measured as follows: A) thickness (mm) of

the posterior wall of the femoral tunnel measured using

pachymeter (Figures 1 and 2); B) anterior view of the po-

sitioning (°) of the tunnel entrance in the intercondyle notch

(Figure 3); C) inclination (°) of the femoral in relation to

the long axis of the diaphysis of the femur in the sagittal

plane (Figure 4); and D) distance (cm) between the wire

guide exit (in the anterolateral cortex of the femur) and the

lateral epicondyle (Figure 5).

The results were analyzed using basic statistics and

compared using the Mann-Whitney U method, and P < .05

was considered to be statistically significant.

RESULTS

The mean thickness of the posterior wall of the femo-

ral tunnel (A) was 2.23 mm in Group I and 2.36 mm in

Group II. There was no significant difference between these

thicknesses (P = .54), nor was there any rupturing of the

posterior wall of the tunnel. The positioning of the tunnel

entrance in the intercondyle (B) was at a mean of 25.5º in

Group I and 30º in Group II. The mean inclination of the

Figure 1 – Thickness of the posterior cortex

Figure 4 – Inclination of the tunnel in relation to the femoral diaphysis.

Figure 3 – Tunnel entrance in the intercondyle notch.

Figure 2 – Femoral sagital cut. Thickness of the posterior cortex
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femoral tunnel in relation to the long axis of the femoral

diaphysis in the sagittal plane (C) was 23.9º in Group I and

32º in Group II, and this difference was statistically sig-

nificant (P = .02). The mean distance between the guide

wire exit and the lateral epicondyle (D) was 7.8 cm for

Group I and 3.9 cm for Group II, and this difference was

statistically significant P < .001) (Table 1).

DISCUSSION

Variability between biological specimens undoubtedly

exists, as discussed by Hanley.19 Comparison between 2

surgical techniques used on different individuals may there-

fore give rise to a confounding factor. The validity of the

comparison may also be questioned when the series

analyzed are performed at different times and under dif-

ferent conditions, as in the series evaluated by Min et al.18

Studying the variables by means of radiographic indi-

ces6,17,18 has the advantage of being reproducible in clini-

cal practice but cannot be as precise as direct measurement

on dissected anatomical specimens.

In our study, pairs of knees from the same cadaver were

used in order to eliminate the bias of variability between

individuals. Furthermore, we were able to dissect each

specimen and directly measure the parameters, thereby ob-

taining measurements of greater accuracy.

The measurements of the posterior wall thickness were

similar for the 2 groups, and there were no cases of rup-

ture of the posterior wall of the tunnel. The series evalu-

ated by O’Donnell6 had a tunnel entrance rupture rate of

82%, although this did not affect the attachment of the

graft. It should be emphasized that this rate was obtained

after attaching the grafts using interference screws, which

was not performed in our experiment. This probably ex-

plains the difference between the 2 studies, considering that

attachment of the graft using interference screws subjects

the tunnel to great pressure, which may cause it to rupture.

Although there was no statistically significant difference

regarding the positioning of the tunnel entrance in the

intercondyle notch, there seemed to be a tendency towards

centralization of the femoral tunnel entrance when the tibial

tunnel was used as the access route. This impression was

shared by Aglietti.17 This tendency may be due to the lim-

ited choice for positioning the femoral guide in this tech-

nique, given that the choice is made according to the in-

clination of the tibial tunnel.

The measurements of femoral tunnel inclination in re-

lation to the long axis of the femoral diaphysis in the sag-

ittal plane were greater in Group II. The greater this meas-

urement is, the greater the divergence between the tunnel

and the posterior cortex is. When this divergence exists,

Table 1 - Results obtained. A= thickness of the posterior wall of the femoral tunnel, measured using pachymeter, in

millimeters; B= anterior view of the positioning of the tunnel entrance in the intercondyle notch, in degrees; C= inclination

of the femoral tunnel in degrees, in relation to the long axis of the femoral diaphysis in the sagittal plane; D= distance in

centimeters between the guide wire exit in the anterolateral cortex of the femur and the lateral epicondyle.

Group ITibial tunnel route Group IIAnteromedial portal route

Pair A (mm) B (o) C (o) D (cm) A (mm) B (o) C (o) D (cm)

1 1.6 15 23 8.3 2.0 30 23 3.7

2 2.1 15 26 8.1 2.2 15 37 5.6

3 1.9 30 19 9.5 2.0 30 30 3.5

4 2.8 15 25 8.2 2.3 30 27 3.6

5 2.6 45 22 7.4 2.3 30 28 4.0

6 2.4 30 18 4.8 2.5 30 45 2.1

7 2.4 15 42 5.6 2.2 30 35 4.5

8 2.3 30 32 7.2 2.5 30 30 6.1

9 1.9 30 11 11.8 3.1 30 30 3.5

10 2.3 30 21 7.5 2.5 45 35 2.5

Mean 2.23 25.5 23.9 7.8 2.36 30 32 3.9

Standard deviation 0.36 10.12 8.41 1.94 0.32 7.07 6.2 1.23

Figure 5 – Distance from the guide exit to the lateral epicondyle.
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the thickness of the posterior wall of the femoral tunnel

becomes progressively greater, and consequently there is

greater protection against the possibility of rupture caused

by attachment using interference screws. Thus, we could

infer that the greater measurements observed in Group II

(anteromedial portal) should confer greater protection

against rupture of the femoral tunnel. This may explain the

absence of loss of graft attachment, even with the high rup-

ture rate for the tunnel entrance wall seen in the series

evaluated by O’Donnell.6

Consonant with the results relating to femoral tunnel

inclination, the distance measured between the guide wire

exit and lateral epicondyle was greater in Group I. This

demonstrates that, with the technique used in Group II, the

guide wire comes out closer to the knee, thereby making

the operation easier, particularly among patients with larger

thigh volumes. This result is also a consequence of the

greater divergence between the femoral tunnel and poste-

rior cortex in Group II.

These experimental results corroborate the conclusions

of O’Donnell and Scerpella6 based on radiographic stud-

ies, ie, that the use of an anteromedial portal enables ad-

equate location and orientation of the femoral tunnel with-

out dependence on correct orientation of the tibial tunnel.

On the other hand, it was observed that it was easier to

keep the femoral guide at an appropriate location in Group

I, since it was supported by the surgeon’s hand, the tibial

tunnel, and the intercondyle notch. In Group II, the guide

was supported on the intercondyle notch and the second

support was provided only by the surgeon’s hand. However,

lack of support from the tibial tunnel provided greater free-

dom for positioning the guide.

Although both surgical technique strategies were effi-

cient in adequately positioning the graft on the joint with

regard to its biomechanical behavior relative to joint sta-

bility (which was the primary objective of the procedure),

the technique involving access through an anteromedial

portal conferred greater protection regarding the integrity

of the posterior wall of the femoral tunnel and greater free-

dom regarding its positioning and orientation. We believe

that, even though access though a portal might not be the

surgeon’s initial preference, it should be considered, par-

ticularly in cases in which the surgeon faces technical dif-

ficulties in positioning the guide and the drill bit for con-

structing the femoral tunnel by means of transtibial access.

Likewise, it should be considered in cases in which there

is difficulty in achieving sufficient flexibility for enabling

divergence of the tunnel from the femoral axis, with the

consequent higher risk of rupture of the posterior wall.

CONCLUSIONS

Correct positioning of the entrance to the femoral tun-

nel (11 o’clock or 1 o’clock) and adequate thickness of the

posterior cortex were obtained with both techniques.

In Group II (anteromedial portal technique), there was

greater divergence between the posterior cortex and the

femoral tunnel, which should provide greater protection

against the possibility of rupture of the posterior wall of

the tunnel.

The emergence of the guide wire in Group II was closer

to the knee.

RESUMO

Mota Albuquerque RF, Amatuzzi MM, Pacheco AP,

Angelini FJ, Campos Jr O. Posicionamento do túnel

femoral na reconstrução artroscópica do LCA: estudo com-

parativo de duas técnicas. Clinics. 2007;62(5):613-8.

OBJETIVO: Comparar a acurácia do posicionamento do

túnel femoral na reconstrução do ligamento cruzado ante-

rior através de duas vias: túnel tibial e portal ântero -

medial.

MÉTODO: Foram perfurados túneis femorais em vinte jo-

elhos de cadáveres humanos por via artroscópica. Grupo

I: túnel femoral por acesso trans túnel tibial. Grupo II: via

portal ântero-medial. Quatro variáveis foram estudadas: A)

espessura da parede posterior; B) posicionamento do túnel

no intercôndilo; C) angulação do túnel em relação ao eixo

do fêmur; D) distância entre a saída do fio guia e o

epicôndilo lateral.

RESULTADO: A) grupo I: 2,23 mm, grupo II: 2,36 mm

(p=0,543); B) grupo I: 25,5o, grupo II: 30o (p=0,226); C)

grupo I: 23,9o, grupo II: 32o (p= 0,014); D) grupo I: 7,8

cm, grupo II 3,9 cm (p<0,001).

CONCLUSÃO: As duas técnicas obteveram o posiciona-

mento desejado da entrada do túnel femoral e espessura

adequada da cortical posterior. A perfuração via portal

ântero-medial pode propiciar maior proteção contra rotura

da parede posterior.

UNITERMOS: Ligamento Cruzado Anterior. Lesões do

Joelho. Artroscopia Reconstrução. Cadáver.
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