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Abstract
Purpose To determine the best angle to drill the femoral tunnels of an anterolateral ligament (ALL) anatomic reconstruc-
tion combined with a single-bundle anterior cruciate ligament (ACL) reconstruction to avoid tunnel collisions and cortical 
disruption.
Methods Ten cadaveric knees were studied. Single-bundle anatomic ACL femoral tunnels were arthroscopically drilled. 
The starting point of the ALL femoral tunnel was located posterior and superior to the lateral epicondyle. ALL tunnels 
were drilled at four different angulations: (1) 0° axial/0° coronal, (2) 0° axial/30° coronal superior, (3) 30° axial anterior/0° 
coronal, and (4) 30° axial anterior 30° coronal superior. Specimens were scanned by computed tomography to measure the 
relations of each trajectory with the ACL socket and the nearest cortical bone.
Results None of the four trajectories studied presented risk of collision with the ACL. The tunnel at 30° anterior/30° proxi-
mal presented the safest distance to the ACL socket (P = 0.01) [mean distance 18.6 mm (SD ± 6.7)]. However, both tunnels 
angled at 0° in the axial plane presented a high risk of posterior femoral cortex disruption (P = 0.01), either by close prox-
imity or direct contact in some specimens (mean distance 3.1 mm (SD ± 2.8) at 0° axial/0° coronal and 3.7 mm (SD ± 2.2) 
at 0° axial/30° coronal).
Conclusions When performing simultaneous ACL and ALL ligament reconstruction, the ALL femoral tunnel should be 
drilled with an angle of 30° anterior in the axial plane and 30° proximal in the coronal plane. Tunnels with an angle of 0° 
in the axial plane showed high risk of contact and disruption of the posterior femoral cortex; thus, these angles should be 
avoided. The clinical relevance of this work is that an ALL anatomical reconstruction does not represent a risk when per-
forming a simultaneous ACL reconstruction as long as the ALL tunnel is reamed with a proximal and anterior angulation.
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Abbreviations
ACL  Anterior cruciate ligament
ALL  Anterolateral ligament
LCL  Lateral collateral ligament
AL  Anterolateral

AM  Anteromedial
AAM  Accessory anteromedial
CT  Computed tomography
ANOVA  Analyses of variance
LET  Lateral extra-articular tenodesis
IC  Intercondylar notch
PC  Posterior femoral cortex
IRB  Institutional Review Board
ICC  Intraclass correlation coefficient

Introduction

Despite generally good outcomes after anterior cruciate 
ligament (ACL) reconstruction, a number of patients have 
persistent rotatory laxity and pivot shift on examination, and 
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many are not able to return to preinjury performance after 
surgery [1].

Recently, interest in the anatomy and function of the ante-
rolateral structures of the knee has been focused around the 
anterolateral ligament (ALL). Although the subject is still 
under debate, at present, many authors advocate for this liga-
ment’s existence as an anatomic structure and its role as a 
secondary stabilizer controlling the internal rotation of the 
knee in the context of an injured or insufficient ACL [12, 
20].

Based on detailed description of the anatomy, histology 
and biomechanics of the ALL as an anatomic structure [4, 
20], in recent years, there has been an effort to develop an 
anatomic reconstruction based on the reasoning that res-
toration of the normal anatomy would produce an optimal 
biomechanic result. Many variations regarding ALL recon-
struction techniques have been reported, all of which pro-
pose slightly different attachments for femoral graft fixation. 
These variations are perhaps due to the different reported 
femoral footprints of the ALL [6, 7].

Kennedy et al. [17] described a femoral attachment point 
located proximal and posterior to the epicondyle and to 
the lateral collateral ligament (LCL). Although it has been 
demonstrated that the ALL is not an isometric structure, 
Katakura et al. [16] reported that this position had the least 
tension change during knee range of motion, providing a 
physiological non-isometry with a favourable biomechani-
cal behaviour with the graft tighter near extension when the 
ALL engages and prevents the pivot shift phenomenon. This 
ALL femoral footprint used in ALL reconstruction has been 
demonstrated to have good results in recent biomechanical 
studies [9, 14, 18].

The safety of femoral tunnel drilling for ALL reconstruc-
tion was assessed by Helito et al. [13] but only in terms 
of soft tissue regarding the safety distance to the LCL and 
the popliteus muscle tendon. Other previous studies have 
assessed the risk of femoral tunnel collisions during pos-
terolateral and posteromedial ligament reconstructions in 
combination with posterior and anterior cruciate ligament 
injuries, remarking the importance of being aware of the 
correct tunnel placement when performing simultaneous 
multiligamentary reconstructions [2, 3, 10, 11].

The purpose of this study was to determine the best angle 
to drill the femoral tunnels of the ALL anatomic reconstruc-
tion combined with a single-bundle ACL reconstruction to 
avoid tunnel collisions and cortical disruption when per-
forming an in–out ACL technique through a low anterome-
dial portal. The hypothesis was that an ALL tunnel angled 
30° superior and 30° anterior represents the safest orienta-
tion to avoid collision with the ACL tunnel and cortical bone 
disruption. The importance of this study was that because of 
the tunnel’s proximity and the anatomy of the intercondylar 
notch, it is important that the surgeon be always aware of the 

safest tunnel placement to avoid potential complications of 
simultaneous ACL–ALL reconstructions.

Materials and methods

This study was performed after approval from the Insti-
tutional Review Board at the University of Barcelona 
(IRB00003099). Ten cadaveric knee specimens from 
donors (mean age of 70; five females and five males) were 
obtained from the tissue bank. No donor had a history of 
knee injury or prior surgical intervention. Specimens were 
kept at − 20 °C and were thawed at room temperature 24 h 
before the experiment. The femur and tibia diaphysis were 
cut 250 mm from the joint line. Skin and subcutaneous fat 
were removed along with soft tissue of more than 150 mm 
from the joint line.

ACL femoral tunnel

An arthroscopic procedure was performed. The femur was 
mounted on a fixed knee holder with the tibial side left free. 
A range of motion from 120° to 0° was confirmed. A high 
anterolateral (AL) portal was established as the initial view-
ing portal. A high parapatellar anteromedial portal (AM) 
was also established as a viewing portal for better visuali-
zation of the medial wall of the lateral condyle. Then an 
accessory anteromedial (AAM) portal, created under direct 
vision just superior to the medial joint line approximately 
2 cm medial to the patellar tendon, was established as the 
working portal for the ACL femoral tunnel. The native ACL 
was resected, preserving 1–2 mm of the fibres of the femoral 
stump to facilitate footprint identification. The centre of the 
footprint was marked as the insertion point. A zero-offset 
Acufex Endofemoral Aimer (Smith and Nephew) was intro-
duced through the AAM portal and placed at the desired 
location for the ACL femoral tunnel. The knee was flexed to 
120°, and a 2.7-mm drill-tip guide pin was drilled through 
the lateral femoral condyle until resistance from the lateral 
femoral cortex was encountered. Finally, using an endo-
scopic graduated drill bit, a femoral socket 8 mm in diameter 
and 30 mm in length was created.

ALL dissection and tunnel orientations

The fascia lata was removed to more easily assess the lateral 
aspect of the joint. The lateral aspect of the knee was care-
fully dissected to identify the LCL and the trajectory and 
insertions of the ALL following the technique described by 
Dagett et al. [5]. It was found the ALL consistently over-
lapped the lateral collateral ligament near its attachment, 
with the location of the origin spanning posterior and proxi-
mal to the lateral epicondyle.
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Once the starting point of the ALL femoral tunnel was 
located, approximately 5 mm posterior and 10 mm superior 
to the lateral epicondyle, a 2.4-mm guidewire was drilled 
through the centre of the femoral attachment of the ALL at 
four different orientations with the help of a manual goniom-
eter. Angle measurements were performed using anatomical 
landmarks as reference to better reproduce a real surgical 
scenario. In the coronal plane, the 0° reference angulation 
was a perpendicular line to the anatomical axis of the femur. 
In the axial plane, two markers were placed at each epicon-
dyle to outline the epicondylar axis such that a parallel line 
was used as the 0° reference angulation. Then a 0.5-mm 
radiopaque strand was passed through the eye of the guide-
wire and pulled from the medial side, leaving the radiopaque 
strand marking the trajectory for each of the four orienta-
tions through the femur. The radiopaque strands were later 
used to recognize the tunnels on the computed tomography 
(CT) images. This technique was used in previous similar 
studies to evaluate femoral tunnel orientations [10, 11].

The orientation of the tunnels depicted by the guide-
wires was as follows: (1) 0° axial angulation and 0° coronal 
angulation (posteroinferior); (2) 0° axial angulation and 30° 
coronal superior angulation (posteorsuperior); (3) 30° axial 
anterior angulation and 0° coronal angulation (anteroinfe-
rior); and (4) 30° axial anterior angulation and 30° coronal 
superior angulation (anterosuperior) (Fig. 1).

Computed tomography scanning

Computed tomography (CT) was performed in every speci-
men using the Somaton Sensation 64 (Siemens Medical 
Systems, Erlangen, Germany). The images were obtained 
with a rotation time of 0.5 s, slice collimation of 0.6 mm, 
120 kV, and 90 mA effective current. Axial reconstructions 
were performed with 1.5-mm sections. Using an open-
source software RadiAnt DICOM Viewer 4.6.5 (64bit) for 
navigating in multidimensional DICOM images, the axial, 
coronal and sagittal plane CT images were obtained to 
generate 3D reconstructions. A radiologist with more than 

15 years of musculoskeletal imaging experience performed 
all measurements, and an orthopaedic surgeon then repeated 
the measurements. Interobserver agreement was analysed 
using the intraclass correlation coefficient (ICC). First, it 
was confirmed that the actual tunnel angles drilled for the 
ALL approximately matched the authors’ intended angles. 
Then the orientations of the ACL tunnel in the sagittal and 
coronal planes were calculated. For each ALL tunnel, the 
shortest distance found from the ACL socket to each tun-
nel trajectory was measured, and the tunnel length from the 
entry point to the point where each ALL tunnel reached its 
shortest distance to the ACL tunnel was recorded. In addi-
tion, the shortest distance to the posterior femoral cortical 
was measured for the posterosuperior (0° axial, 30° coronal) 
and posteroinferior (0° axial, 0° coronal) ALL tunnels and 
to the intercondylar notch for the anteroinferior (30° axial, 
0° coronal) and posteroinferior (0° axial, 0° coronal) ALL 
tunnels. The opposite remaining two trajectories in each 
case were discarded in this case because they aimed farther 
away from the posterior cortical and the intercondylar notch, 
respectively, as they advanced. Finally, the tunnel lengths 
from the entry point to the point nearest to the posterior 
cortical and the intercondylar notch, respectively, were 
recorded. The minimum longitude for each tunnel trajec-
tory to be considered was 25 mm. Axial, coronal and sagit-
tal views were combined with the Radiant DICOM Viewer 
imaging software, and the point with the shortest distance 
that matched the three planes was obtained.

Statistical analysis

Statistical processing was realized using SPSS (version 
23.0.0; IBM Corp). Means and standard deviations were 
calculated for each continuous variable. Two-way repeated-
measures analyses of variance (ANOVA) were used to com-
pare the dependent variables obtained from the mean values 
of shortest distance to the ACL socket and closest corti-
cal, across the independent categorical variables of the four 
different angles of ALL tunnel orientation. Tukey post hoc 

Fig. 1  Femoral tunnel orienta-
tion for the ALL in a left knee. 
Tunnels were created at 0° and 
30° in the axial (a) and the 
coronal (b) planes. Starting 
point corresponding to the ALL 
femoral attachment located 
posterior and superior to the 
lateral epicondyle (*). Femoral 
anatomical axis (+)
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comparisons were performed; statistical significance was set 
at P < 0.05. A power calculation for a two-way analyses of 
variance test including a four-level categorical independent 
variable with a significance level of 5% has a power of 81% 
to detect mean value differences in continuous dependent 
variables with a sample size of ten cadaveric knees. Reliabil-
ity analysis was performed using the intraclass correlation 
coefficient for a two-way mixed absolute agreement model 
with a 95% confidence interval.

Results

Using a starting point located posterior and proximal to the 
lateral epicondyle as the anatomic femoral attachment for 
the ALL reconstruction combined with an anatomic femo-
ral ACL socket of 30 mm in length and 8 mm in diameter 
showed that none of the four trajectories presented direct 
contact with the ACL tunnel. Note that the measurements 
were made from the centre of the trajectory to the outer 
margin of the ACL tunnel, so that in case of the use of an 
interference screw for fixating the ALL, half of the screw 
diameter should be subtracted from these values, e.g. 4 mm 
with an 8-mm screw.

The two orientations with the shortest measurements 
to the ACL tunnel were 0° axial/0° coronal (11.5  mm 
SD ± 5.3) and 30° axial/0° coronal (11.1 mm SD ± 5.6). The 
two orientations that presented the longest distance were 
0° axial/30° coronal (18.6 mm SD ± 6.7) and 30° axial/30° 
coronal [17.3 mm SD ± 6.1 (P = 0.01)]. The mean ALL tun-
nel lengths to reach this ACL nearest point measured from 
the entry point were 15.1 mm SD ± 6.1 (0° axial/0° coronal), 
23.1 mm SD ± 5.6 (0° axial/30° coronal), 14.5 mm SD ± 5.2 
(30° axial/0° coronal) and 23.2 mm SD ± 3.7 (30° axial/30° 
coronal).

However, both 0° axial/0° coronal and 0° axial/30° coro-
nal presented specimens on which the trajectory disrupted 
the posterior femoral cortex (Fig. 2). The main shortest 
distance measured from these two trajectories to the pos-
terior cortex was 3.1 mm SD ± 2.8 and 3.7 mm SD ± 2.2, 
respectively (P = 0.01), presenting a high risk of cortical 
disruption, especially for the use of an interferential screw. 
The mean ALL tunnel lengths to reach this nearest point 
were 24.6 mm SD ± 7.1 (0° axial/0° coronal) and 26.3 mm 
SD ± 7.5 (0° axial/30° coronal).

The shortest distances measured from the two inferior tra-
jectories to the intercondylar notch were 11.5 mm SD ± 3.8 
(0° coronal/30° axial) and 10.2 mm SD ± 3.1 (0° coronal/0° 
axial) with mean tunnel lengths to reach this nearest point of 
28.9 mm SD ± 3.3 and 27.8 mm SD ± 3.1, respectively. The 
mean orientation of the ACL tunnel was 44.3° SD ± 9.2 in 
the sagittal plane and 42.4° SD ± 8.3 (Table 1).

From these results, it should be noted that although the 
two orientations that maintained 0° axial orientation guarded 
a safe distance to the ACL socket, they presented a high risk 
of disrupting the posterior femoral cortical bone.

From the other two orientations aimed at 30° anterior in 
the axial plane, both maintained a safe distance to the ACL 
socket with the longest being the 30° axial/30° coronal tra-
jectory aiming away from the ACL tunnel and the posterior 
femoral cortex.

Finally, the interobserver ICC obtained was considered 
high (0.92) and the actual angles of the ALL drilled tunnels 
were in the range ± 6° of the intended angles in all cases.

Discussion

The most important findings of this study were that the four 
angle orientations tested in this design did not produce any 
collision and maintained a safe distance to the ACL socket. 

Fig. 2  Computed tomogra-
phy images of a right knee. a 
Sagittal cut at the level of lateral 
condyle showing the trajectory 
of the radiopaque strands angled 
at 0° axial/0° coronal and 0° 
axial/30° coronal (arrows) 
passing in very close proximity 
to the posterior femoral cortex. 
The ACL tunnel maintains a 
safe distance. b Axial cut at the 
level of the 0° axial/0° coronal 
angled trajectory shows the 
radiopaque strand (arrow) mak-
ing contact with the posterior 
femoral cortex
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Although collision with the ACL tunnel did not occur, an 
important finding was that both tunnels with the angles at 0° 
in the axial plane presented a very short distance to the pos-
terior femoral cortex, with a direct cortex disruption being 
observed in 20% of the specimens.

This finding may be observed because the anatomic posi-
tion of the ALL femoral footprint [17] located superior and 
posterior to the epicondyle places the origin of the femoral 
tunnel on a plane above the intercondylar notch but closer 
to the posterior femoral cortex; therefore, tunnel angulations 
of 0° in the axial plane should be avoided.

Regarding the coronal plane, the ALL femoral tunnel 
may be angled at either 0° or 30°, which both showed safe 
distance to the ACL tunnel and no cortical disruption. The 
30° angle is perhaps the better option because of the longer 
safe distance and also less risk of an intraarticular exit point 
when using a guidewire technique to pull the tendon graft 
from the opposite side.

Recently, increased scientific and clinical interest in ALL 
reconstruction techniques has been observed. Following the 
increased knowledge of the ALL anatomy and biomechan-
ics, it was recommended to drill the ALL tunnel in a position 
corresponding to its femoral footprint located proximal and 
posterior to the lateral epicondyle and LCL insertion site.

When describing a multiligamentary reconstruction tech-
nique, there is always the recommendation of taking care 
of the tunnel orientation to avoid unintended contact either 
with each other or the outer cortical bone to prevent any 
possible loss of graft fixation, graft impairment or bone 
weakening, but these studies rarely present detailed informa-
tion about the safest angle for the tunnels. Few studies have 
evaluated the risk of tunnel collision when different liga-
ments are being reconstructed simultaneously in the knee. 
Given that ALL reconstruction is a relatively new technique, 
there is only one prior recent study to our knowledge, con-
ducted by Smeets et al., that addresses the safety of the ALL 

anatomic femoral tunnel orientation [19]. In their results, 
these authors found that the safest ALL tunnel orientation is 
the one oriented proximal and anterior, confirming our find-
ings. However, converse to our study, a high risk of tunnel 
convergence when using a 0° coronal and 20° axial angle 
was reported. Given that both studies were comparable in 
design, one explanation could be that our study probably 
used a higher starting point for the ALL tunnel as theirs 
described a starting point just superior and posterior to the 
lateral epicondyle. In our study, data regarding measure-
ments to the posterior cortical bone and to the intercondylar 
notch were also included. Either way, both studies concluded 
that the safest orientation for the ALL tunnel should be in an 
anterior and superior direction.

Some authors described a single femoral tunnel technique 
using a single graft for reconstructing the ACL and the ALL 
[21] and eliminating the concern of tunnel collision. How-
ever, this technique has its limitations regarding the graft 
length needed and may not be suited for some revision cases. 
In addition, other authors [8, 15] also described the use of 
the anatomic ALL femoral attachment site for the femoral 
fixation site when performing the lateral extra-articular teno-
desis (LET) procedure.

The clinical relevance of this study is that it provides 
insight into the knowledge gap regarding tunnel position-
ing during simultaneous ACL and ALL reconstruction. The 
results showed that an ALL anatomical reconstruction does 
not represent a risk when performing a simultaneous ACL 
reconstruction as long as the ALL tunnel is reamed with a 
proximal and anterior angulation.

This study has some limitations. First, only one specific 
ALL reconstruction technique was performed, although graft 
fixation with an interference screw in the described femoral 
attachment site is commonly performed in the clinical set-
ting. Second, only four different angles were included so 
they were thought as representative of each quadrant to ease 

Table 1  Measurements data for each tunnel angle

All values are expressed in millimetres as the mean ± standard deviation. ALL tunnel lengths are measured from the entry point to the point 
where the tunnel gets to the nearest distance to the other tunnel or the indicated cortical. Anterior tunnels for the PC and superior tunnels for 
the IC were discarded because they go farther towards the opposite direction as they advance. Measurements were made from the centre of each 
trajectory to the outer margin of the ACL tunnel, so in case of the use of an interference screw for fixating the ALL, half of the screw diameter 
should be subtracted from these values, e.g. 4 mm from an 8-mm screw
IC intercondylar notch, PC posterior femoral cortex

ALL tunnel angle Shortest distance 
to ACL

ALL tunnel length Shortest distance 
to PC

ALL tunnel length Shortest distance 
to IC

ALL tunnel length

0° axial/0° coronal 11.5 (SD ± 5.3) 15.1 (SD ± 6.1) 3.1 (SD ± 2.8) 24.6 (SD ± 7.1) 10.2 (SD ± 3.1) 27.8 (SD ± 3.1)
0° axial/30° 

coronal
17.3 (SD ± 6.1) 23.1 (SD ± 5.6) 3.7 (SD ± 2.2) 26.3 (SD ± 7.5)

30° axial/0° 
coronal

11.1 (SD ± 5.6) 14.5 (SD ± 5.2) 11.5 (SD ± 3.8) 28.9 (SD ± 3.3)

30° axial/30° 
coronal

18.6 (SD ± 6.7) 23.2 (SD ± 3.7)
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evaluation. Third, no actual tunnels were drilled because 
it would be impractical to perform simultaneous meas-
urements destroying the bone in a small space; therefore, 
we used only thin trajectories representing the centre of a 
tunnel. However, calculations can be made by subtracting 
half of the diameter of any given diameter to any distance 
measurement. Finally, the angulations during the procedure 
were calculated only with the help of a manual goniometer. 
This method might provide low accuracy, but it was intended 
to mimic the clinical situation during a common surgery 
scenario.

Conclusions

When performing combined ACL and ALL ligament recon-
struction surgery, the ALL femoral tunnel should be drilled 
with an angle of 30° anterior in the axial plane and 30° prox-
imal in the coronal plane. This tunnel may also be angled 
0° in the coronal plane with a shorter but still safe distance 
to the ACL. Although the tunnels with an angle of 0° in the 
axial plane maintained a safe distance to the ACL socket, 
they showed a high risk of contact and disruption of the pos-
terior femoral cortex; thus, these angles should be avoided.
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