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iNtrOdUctiON
The exact incidence of lesions of the anterior cru-

ciate ligament (ACL) is unknown. However, it has 
been estimated that 200,000 new lesions occur every 
year. Approximately 100,000 reconstructions are per-
formed every year in the United States(1).

Currently, ACL reconstruction surgery has become 
one of the most popular knee surgery procedures. The 
mean success rate is 90% in relation to restoration of 

AbStrAct 

Objectives: To evaluate and compare bone tunnel positio-
ning in anterior cruciate ligament (ACL) reconstruction 
surgery using the arthroscopic technique and the open te-
chnique consisting of arthrotomy.  Method: A comparative 
retrospective study on 70 patients with ACL lesions was 
conducted. Thirty-five patients underwent ACL recons-
truction by means of the open technique and 35 by means 
of the arthroscopic technique using an anteromedial por-
tal. All the patients underwent ACL reconstruction using 
an autologous graft from the middle third of the patellar 
tendon, fixed using interference screws. The postoperati-
ve radiographs were reviewed and the positioning of the 
femoral tunnel was evaluated using the methods proposed 
by Harner et al. and Aglietti et al., while the tibial tunnel 

was assessed using the method proposed by Rauschning 
and Stäubli. Results: Fifty-four of the patients were male 
and 16 were female. Their mean age at the time of the 
procedure was 34 years and 3 months, with a range from 
17 to 58 years. The arthroscopic technique was shown to 
be more accurate than the open technique for positioning 
both the femoral and the tibial bone tunnels. Conclusions: 
Radiological analysis on the knees subjected to ACL re-
construction showed that the positioning of both the fe-
moral and the tibial bone tunnels presented less variation 
when the surgery was performed arthroscopically. 

Keywords - Anterior Cruciate Ligament/surgery; Anterior 
Cruciate Ligament/anatomy & histology; Anterior Cru-
ciate Ligament/radiography; Anterior Cruciate Ligament/
injuries; Knee; Tendons
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knee stability and patient satisfaction(2-5). The position 
of the bone tunnels, and consequently the graft, is 
considered to be one of the most important factors 
relating to successful reconstruction(5-8). Correct po-
sitioning of the bone tunnels is considered to be the 
most important intraoperative variable, and is directly 
influenced by the surgeon(9). The positioning of the 
bone tunnels has a fundamental role in the tensional 
behavior of the neoligament during flexion-extension 
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MAtEriAlS ANd MEthOdS 

A comparative retrospective study was conducted 
on 70 patients who underwent ACL reconstruction 
surgery, selected randomly from the institution’s da-
tabase. Of these, 35 patients underwent ACL recon-
struction using the open route and 35 arthroscopically. 
All of the patients were operated by two experienced 
surgeons at the Institute of Orthopedics and Trauma-
tology, Passo Fundo, RS. Each surgeon was respon-
sible for half of the operations in each group. The 
minimum follow-up was taken to be two years. The 
patients selected were operated between March 1995 
and December 2007, in order to also seek out pa-
tients operated using the open technique. The patients’ 
postoperative radiographs were reviewed and the
positioning of the bone tunnels was assessed. The po-
sitioning of the femoral tunnel was assessed using the 
methods described by Harner et al(16) and Aglietti et 
al(17). The tibial tunnel was assessed using the method 
described by Rauschning and Stäubli(18). 

The method described by Harner et al(16) evaluates 
the positioning of the femoral tunnel on lateral-view 
radiographs using measurements of the length of the 
Blumensaat line as the reference (Figure 1). On the 
other hand, the method described by Aglietti et al.(17) 
evaluates the positioning of the femoral tunnel based 
on the anteroposterior length of the distal femur, mea-
sured at the level of the Blumensaat line (Figure 2). 
To analyze the tibial tunnels, the method described by 
Rauschning and Stäubli(18) was used (Figure 3). In this, 
the positioning is evaluated in relation to the antero-
posterior length (sagittal diameter) of the tibial plateau.

RADIOLOGICAL ANALYSIS OF BONE TUNNEL POSITION IN ANTERIOR CRUCIATE LIGAMENT RECONSTRUCTION SURGERY: 
COMPARISON BETWEEN THE OPEN TECHNIQUE AND ARTHROSCOPY VIA AN ANTEROMEDIAL PORTAL
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movements. Incorrect positioning results in abnormal 
tension on the graft and may cause clinical problems 
such as loss of range of motion, impacting of the graft 
against the posterior cruciate ligament and intercon-
dylar roof, and recurrent instability(10-12). 

ACL reconstruction using an autogenous graft 
may be done either arthroscopically or via the open 
route, through arthrotomy, and both of these have 
historically been considered acceptable(13). The
arthroscopic technique using the anteromedial portal 
presents the advantages that it is easy to manipulate 
the instruments in the medial portion of the lateral 
femoral condyle; it is easy to position the tibial tunnel; 
there is no divergence in placing interference screws 
when the patellar tendon is used; it is easy to loca-
te the entry points when a double band is used; the
tunnel can be made with the knee at 120º, without 
risk of fracturing the dorsal cortical bone of the fe-
moral condyle; and correct rotation of the insertion 
of the graft along the femoral axis is easily achieved, 
given that it runs parallel to the tibial plateau when a 
flexed position of 120º is used(14). Some studies have 
shown that there is no statistical difference between 
the open and arthroscopic techniques, with regard 
to the clinical results from assessing joint stability, 
range of motion and postoperative pain(13,15). Raab 
et al(13) found a difference between the two techni-
ques only in relation to the duration of the operation. 
This was not corroborated by Cameron et al(15), who 
did not find differences between the techniques with 
regard to duration of the operation, range of motion 
and stability test scores. However, neither of these 
two studies assessed the positioning of the tunnels in 
their comparative analyses, with regard to either the 
open technique or the videoarthroscopic technique.

Several methods for measuring the positioning of 
the tunnels in reconstruction surgery have been des-
cribed(8,16,17). Among these, the methods of Harner et 
al(16) and Aglietti et al(17) for the femoral tunnel and 
the method of Stäubli and Rauschning(18) for the tibial 
tunnel are greatly used.

The present study had the aim of evaluating and 
comparing the positioning of the bone tunnels in a 
series of patients who underwent ACL reconstruction 
surgery using the arthroscopic technique or the open 
technique with arthrotomy.

Figure 1 – Method of Harner et al. 
for verification of the femoral tunnel.

Figure 2 – Method of Aglietti et al. 
for verification of the femoral tunnel.
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SUrgicAl tEchNiQUES

In both techniques, the patients underwent rachi-
anesthesia and were positioned in horizontal dorsal 
decubitus with a pneumatic tourniquet inflated on the 
proximal third of the thigh. During the ACL recon-
struction, the hip remained flexed at 45° and the knee 
remained flexed at approximately 90°.

ACl reconstruction using open technique
With the knee flexed at 90°, a medial parapatellar 

incision of approximately 8 cm was made, with sub-
sequent medial parapatellar arthrotomy, in line with 
the skin incision. The remaining stumps of the ACL 
were identified and resected. The location of the ACL 
insertion in the femur was determined by identifying 
the remains of the native insertion and, with the knee 
flexed at 120°, a femoral tunnel of approximately 10 
x 30 mm was made without using a guide. A tibial 
tunnel of 10 mm in diameter was made, starting at a 
point approximately 2 cm inferiorly to the joint sur-
face and 2 cm medially to the anterior tuberosity of 
the tibia. A tibial guide angled at 45º-50º was directed 
towards the center of the location of ACL insertion in 
the tibia; the tibial guidewire was positioned; and the 
tunnel of diameter 10 mm was constructed under di-
rect viewing. Through the same skin incision, a graft 
measuring 10 x 25 mm was harvested from the cen-
tral third of the  patellar tendon (bone-tendon-bone), 
with a width of 10 mm and two bone segments: one 

tibial and the other, patellar. The graft was then passed 
through the bone tunnels and fixed using titanium 
interference screws.

ACl reconstruction using arthroscopic technique
With the knee flexed at 90°, a median longitudinal 

incision of approximately 8 cm was made in the middle 
region of the patellar tendon. Through this incision, a 
free graft of approximate width 10 mm was harvested 
from the central third of the patellar tendon (bone-
tendon-bone). Anteromedial and anterolateral portals 
were made through the same skin incision used for 
removing the graft. By means of videoarthroscopy, 
the anatomical insertion locations of the ACL in the 
femur and tibia were determined and marked out. A 
femoral guide with an offset of 7 mm was introduced 
through the anteromedial portal and positioned more 
anatomically at the sites previously determined as 
the locations of the femoral insertion of the ACL. A 
femoral tunnel of dimensions 10 x 30 mm was then 
made in the knee while it was flexed at 120°. A tibial 
tunnel of diameter 10 mm was then made, starting at 
a point 2 cm inferiorly to the joint surface and 2 cm 
medially to the anterior tuberosity of the tibia. In in-
troducing the tibial guidewire, we used a tibial guide 
angled at 45° to 50°, with intra-articular positioning 
at the center of the tibial insertion of the ACL. The 
graft was then passed through the bone tunnels and 
was fixed using titanium interference screws.

After radiological analysis on the postoperative 
images and measurement of the positioning of the 
tunnels, the data were analyzed statistically using the 
F test of analysis of variance.

rESUltS

There were 54 male patients and 16 female pa-
tients. Their mean age at the time of the procedure 
was 34 years and 3 months, with a range from 17 to 
58 years.

The results relating to the positions of the femo-
ral and tibial tunnels using the two techniques are 
shown in Tables 1 to 3. Evaluation of the results 
using the method of Aglietti et al(17) showed that the 
mean positioning with the arthroscopic technique was 
75.46% (± standard deviation 6.14) and with the open 
technique, 66.40% (± 8.70). Evaluation of the tunnel 
positioning using the method of Harner et al(16), sho-

Figure 3 – Method of Rauschning and Stäubli for verification of the 
tibial tunnel. (a) Measurement as percentage of the anteroposterior 
length of the tibial plateau; (b) Measurement in millimeters from the 
anterior margin of the tibial plateau.

A B
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Analysis on the radiographs of the tibia by means 
of the method of Rauschning and Stäubli(18) showed 
that the mean positioning of the tunnel using the ar-
throscopic technique was 22 mm (± standard devia-
tion 2.35) and using the open technique, 21.21 (± 
2.96). Regarding the measurement as a percentage 
of the anteroposterior length of the tibial plateau, the 
arthroscopic technique presented a mean of 39.31% 
(± 3.48) and the mean for the open technique was 
36.69% (± 5.00).

In relation to the position of the tibial tunnel, it was 
observed that when the position of the tibial tunnel 
measured in millimeters from the anterior margin of 
the tibial plateau was evaluated, there was no signifi-
cant difference between the two techniques (p > 0.05). 
In relation to the position of the tibial tunnel measu-
red as a percentage of the length of the tibial plate, it 
was observed that there was a significant difference 
in the mean positioning between the two techniques 
(p < 0.05).

diScUSSiON

Correct positioning of the tibial and femoral tun-
nels is one of the crucial points for achieving good 
results from ACL reconstruction19. Studies have de-
monstrated that incorrect positioning of the tunnels in 
the coronal and sagittal planes causes complications 
that modify the clinical results(6,7,12,16,17,20), as well as 
being the commonest cause of lack of success in ACL 
reconstructions(21). 

Several methods are currently used for assessing 
the positioning of the bone tunnels during or after 
ACL reconstruction. Traditionally, the methods of 
Harner et al(16) and Aglietti et al(17) have been used 
to assess femoral tunnel positioning on lateral-view 
radiographs, even though the inter-observer differen-
ces are statistically significant(8,16,17). Other authors 
have used the position of the interference screw and 
methods for identifying areas that are isometric, as 
references for assessing the tunnel positions(22). This 
variety of methods makes comparisons difficult be-
tween the various studies that exist in the literature, 
because of the nonexistence of any method for which 
unanimity has been achieved.

Good et al(23) studied the radiological location of 
the native ACL in cadavers and determined that the 

table 1 – position of the femoral tunnel on the lateral-view ra-
diograph of the knee.

table 2 - position of the tibial tunnel (mm) on the lateral-view 
radiograph of the knee.

table 3 - position of the tibial tunnel (%) on the lateral-view 
radiograph of the knee.
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wed that the mean positioning with the arthroscopic 
technique was 83.09% (± 4.78) and with the open 
technique, 74.97% (± 11.06).

Through statistical analysis, it was sought to as-
sess whether there was any significant difference in 
mean position (%) of the femoral tunnel between the 
two techniques and for each method of measuring 
the positioning separately. It was observed that there 
were statistically significant differences in the analy-
ses on femoral tunnel positioning when the open and 
arthroscopic techniques were compared using both 
methods (p < 0.05).

Method technique Mean
Standard 
deviation

Standard 
error

95% confidence 
interval for 

mean

lower 
limit

Upper 
limit

Aglietti 
position 

(%)

Arthroscopic 75.46 6.137 1.037 73.35 77.57

Open 66.40 8.698 1.470 63.41 69.39

Harner 
position 

(%)

Arthroscopic 83.09 4.780 0.808 81.44 84.73

Open 74.97 11.060 7.869 71.17 78.77

lateral-view 
radiograph 
of the knee

technique N Mean
Standard 
deviation

Standard 
error

95% 
confidence 
interval for 

mean

lower 
limit

lower 
limit

Position of 
tunnel mm)

Arthroscopic 35 22.0 2.351 0.397 21.19 22.81

Open 35 21.31 2.958 0.500 20.30 22.33

lateral-
view 

radiograph 
of the 
knee

technique N Mean
Standard 
deviation

Standard 
error

95% 
confidence 
interval for 

mean

lower 
limit

lower 
limit

Position of 
tunnel (%)

Arthroscopic 35 39.31 3.479 0.588 38.12 40.51

Open 35 36.69 4.999 0.845 34.97 38.40
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center of origin of the ligament in the femur was seen 
on lateral-view radiographs at a mean of 66% of the 
anterior limit of the Blumensaat line, and that the 
tibial insertion was located at the boundary between 
the anterior and middle thirds of the tibial plateau. 
Also using lateral-view radiographs, Khalfayan et 
al(6) observed that there was a significant relationship 
between the orientation of the tunnels and the final 
clinical result from the reconstruction.

When the femoral tunnel is analyzed, positioning 
that is more vertical in the coronal plane may cause 
the graft to impact on the lateral part of the posterior 
cruciate ligament, thus generating loss of flexion 
and also increasing the anterior weakness(12,24). The 
methods used in the present study only assessed the 
positioning in the sagittal plane. Anteriorized posi-
tioning of the femoral tunnel in the sagittal plane 
causes excessive tension in the graft, thereby leading 
to deterioration of the biomechanical properties of 
the graft and leading to failure of the fixation and 
recurrent instability(12,24-26).

According to Aglietti et al(17), the femoral tunnel 
should be positioned at 65% of the sagittal diameter 
of the distal femur. According to Harner et al(16), the 
ideal positioning of the femoral tunnel should be at 
approximately 80% of the anteroposterior length of 
the Blumensaat line.

In relation to the tibial tunnel, positioning that 
is greatly anteriorized in the sagittal plane causes 
the graft to impact against the intercondylar roof, 
thereby generating limitation of extension, increased 
anterior translation, joint effusion and anterior pain 
in the knee(12,27-30). On the other hand, positioning 
of the tunnel in a very posterior region of the tibial 
plateau is associated with a greater graft tear rate and 
greater loss of flexion(31).

In the sagittal plane, Stäubli and Rauschning(18) 

observed that tibial tunnel locations at 43 ± 4% of 
the anteroposterior length of the tibia or at a distance 
of 20 to 23.7 mm measured from the anterior mar-
gin of the tibia were related to better clinical scores. 
Lintner et al(32) examined knees from cadavers and 
concluded that the center of the ACL insertion in the 
tibia was at around 40% of the anteroposterior dia-
meter, from its anterior margin. Pinczewski et al(31) 
highlighted the correlation between the placement of 
the tunnels and the clinical result after reconstruction 

and recommended that, in the sagittal plane, the ti-
bial tunnel should be placed at around 48% of the 
anteroposterior length of the tibial plateau.

Andrade et al(33) compared the position of the fe-
moral isometric point in ten cases operated arthros-
copically and in ten cases operated using the open 
method with a single anterior incision in accordance 
with the criteria of Melhorn & Henning. These au-
thors did not find any statistically significant diffe-
rence, but recommended the arthroscopic technique 
as safer for determining the femoral isometric point. 
In the present study, using the anteromedial portal, 
the analyses in Tables 1 to 3 show that the results 
found were close to those in the literature. However, 
a difference between the two techniques was found 
regarding the positioning of the femoral tunnel, such 
that the arthroscopic method showed greater preci-
sion for positioning the tunnel, and this difference 
was statistically significant.

In relation to the tibial tunnel, we also observed 
differences between the two techniques, but with 
divergent results regarding statistical significance, 
according to the type of measurement used. When 
absolute measurements in millimeters were used, 
there was no statistically significant difference be-
tween the techniques, despite the greater precision of 
the arthroscopic technique. On the other hand, when 
relative values were used, i.e. the percentage of the 
total length of the tibial plateau, the arthroscopic 
technique was also shown to be more precise and 
it came closer to the recommendations of Stäubli 
and Rauschning(18). In this case, there was statistical 
significance between the two techniques. In relation 
to both the femoral tunnel and the tibial tunnel, there 
was a tendency to construct the bone tunnel more 
anteriorly in the sagittal plane when the open tech-
nique was used.

cONclUSiON 

Through radiological analysis on knees that 
underwent ACL reconstruction, it was observed that 
the positioning of the bone tunnels (both femoral 
and tibial) was done in a more precise manner when 
the surgery was performed arthroscopically, in 
comparison with the open route. 

Rev Bras Ortop. 2011;46(3):270-75
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