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Background: To assess the risk of tunnel collision in combined anterior cruciate ligament (ACL)
and anterolateral ligament (ALL) reconstructions.
Methods: Three-dimensional (3D) CT reconstructions of 32 knees after transtibial (TT) (N =
16) or anteromedial portal (AMP) (N = 16) ACL reconstruction were used to simulate poten-
tial tunnel collision of the femoral ACL tunnel if combined with a virtual ALL reconstruction.
The minimal distance between tunnels, the ALL tunnel length, and the lateral femoral condyle
(LFC) width were measured. Moreover, the relationship between the ALL tunnel and the
intercondylar notch, trochlear groove and posterior femoral cortex was determined.
Results: The highest rate of tunnel collision (81%) was observed when the ALL tunnel was
aimed at 20° in the coronal plane and 0° in the axial plane. However, by aiming the ALL tunnel
at 0° coronal and 40° axial angulation, collision was avoided in all patients and no violation of
the trochlea was observed. Tunnel collision rate was significantly higher (P = 0.002) when the
ACL tunnel was drilled by the AMP technique.
Conclusions: Risk of tunnel collision was significantly increased when the tunnel was drilled at
0° in the axial plane. Tunnel collision was avoided by aiming the ALL tunnel 40° anteriorly and
perpendicular to the anatomical axis of the femur. A more horizontal orientation of the ACL
with the AMP technique is a risk factor for tunnel conflicts.
Clinical relevance: ALL tunnel orientation needs to be adjusted to avoid tunnel conflicts in com-
bined ACL–ALL reconstructions.
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1. Introduction

Since a detailed anatomical description of the anterolateral ligament (ALL) was published in 2013 [1], ALL reconstruction
(ALLR) has become more popular. Numerous studies have recently confirmed the existence or ‘rediscovery’ of this structure
and its importance in contributing to anterolateral rotatory knee stability [2–8]. In addition, biomechanical and histological studies
have demonstrated that this structure displays the characteristics of a true ligament [2,5,9] and plays an important role as a sec-
ondary stabilizer to the anterior cruciate ligament (ACL) in resisting anterior and internal tibial rotation and preventing the knee
pivot shift phenomenon [10–14]. Based on radiological abnormalities on magnetic resonance imaging (MRI), the prevalence of ALL
injuries in patients with an acute ACL rupture is estimated between 33% and 79% [15–17].

Where isolated ACL reconstruction did not restore anterior and internal tibial rotation during a simulated pivot shift in antero-
lateral and ACL deficient cadaveric knees, several studies have now shown that combined ACL and ALL reconstructions result in
significantly reduced tibiofemoral rotational laxity [18–20]. As a consequence, several authors advocate ALLR in revision cases, pa-
tients with a high-grade pivot shift, hyperlaxity patients, and those participating in pivoting sports or high-level athletic motor
tasks [21–29]. Clinical outcome studies of combined ACL and ALLR show promising results and a reduced failure rate [30,31].

Several surgical techniques for anatomic ALLR have been described in literature, but unfortunately there is still a lack of com-
parative biomechanical and clinical studies on the different surgical options. Commonly used graft types are gracilis [22,23,25,28],
semitendinosus [26], iliotibial band [24] and polyester tape [27]. Biomechanical work has demonstrated that hamstring grafts
have a five to eight times higher elastic modulus than the ALL and could therefore theoretically overconstrain the lateral compart-
ment [32,33]. Another point for discussion is the femoral fixation site, although the ALL Expert Group has recently reached a con-
sensus that the attachment should be located proximal and posterior to the lateral epicondyle on the femur [21].

During the last decade, ACL reconstruction (ACLR) has evolved toward an anatomically orientated reconstruction with the
femoral socket localized in the center of the footprint [34–36]. With this technique, the femoral tunnel is drilled through an
anteromedial portal (AMP) which creates a biomechanical advantage on rotational stability [37–40]. Because of the more horizon-
tal orientation of the femoral ACL tunnel [41], the tunnel comes in closer proximity with the ALL femoral origin, with a potential
risk of tunnel collision and potential graft damage [42]. Although the AMP technique for ACLR is gaining popularity, clinical stud-
ies have not always demonstrated a superior outcome in comparison with the classic transtibial (TT) femoral drilling technique,
and maybe the TT tunnel could therefore regain interest in combined ACL–ALLR [43,44].

The primary purpose of this study was to assess the risk of tunnel collision in combined ACLR and ALLR and define the optimal
drilling angle for ALL femoral tunnel placement. We hypothesize that a more anterior direction of the ALL tunnel could reduce the
risk of tunnel collision. The secondary purpose was to compare the risk of tunnel conflict in the AMP and TT technique and to
provide guidelines to avoid collision with the ALL tunnel for each technique. The hypothesis was that surgeons who drill the fem-
oral ACL tunnel through the AMP have more risk for tunnel collision than those who use the TT technique.
2. Material and methods

2.1. Study population

Thirty-two patients who underwent an ACLR were included in the study. In 16 of them the femoral tunnel was drilled using a
TT technique (nine men, seven women, mean 34.3 ± 9.9 years), in the other 16 the AMP technique was used (nine men, seven
women, mean 34.4 ± 10.0 years). All patients were randomly selected and ACLR was performed by three orthopedic surgeons.
The selection of the technique was based on the surgeon's preference. The study was approved by the Institutional Review Board.
Figure 1. Nine different ALL tunnels were created by aiming the tunnel at 0°, 20° and 40° of coronal and axial angulation.
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2.2. 3D computed tomography imaging

The patients received a post-operative Computed Tomography (CT) scan on a Siemens Sensation 64 (slice thickness 0.750 mm;
slice increment 0.400 mm; 120 kV; 153 mA). Each CT-scan was processed by a medical image processing program (Mimics 17.0,
Materialise, Leuven, Belgium) and three dimensional (3D) reconstructions were made from the femur and ACL-tunnels.

The image processing program 3-Matic (Materialise, Leuven, Belgium) was then used to create the virtual ALL tunnel. The
starting point for drilling the ALL tunnel was made proximal and posterior to the lateral epicondyle, as defined by the ALL Expert
Group [21]. The neutral tunnel orientation (0°–0°) was made perpendicular to the anatomical axis of the femur in the coronal
plane and parallel to the epicondylar axis in the axial plane. In both planes, permutations from the neutral tunnel using 20° in-
tervals were created to obtain nine different ALL tunnel directions with a diameter of 4.5 mm (Figures 1 and 2).

With the image processing software, the ACL and ALL tunnels were examined for tunnel collisions. If no collision occurred, the min-
imal distance between both tunnels was noticed. When both tunnels interfered, the length of the ALL tunnel was recorded. To evaluate
the length of the ALL tunnel as a possible cause of tunnel collision, both 25 mm and 30 mm tunnels were reconstructed on each orien-
tation and investigated for collision (Figure 3). Distances were also measured between the posterior femoral cortex and the ALL tunnel
(30mm tunnels drilled in 0° orientation in the axial plane), between the intercondylar notch and the ALL tunnel (30mm tunnels drilled
in 0°coronal and 0°axial orientation), and the trochlea and the ALL tunnel (30 mm tunnels drilled in 0°coronal/40°axial orientation).

2.3. Statistical analysis

For each femur, different ALL tunnel settings (orientation, length ALL tunnel, and drilling technique) were created and for each
setting the outcomes were examined. The outcomes observed for the different settings of the same femur could not be treated as in-
dependent observations. Generalized estimating equation (GEE)models with an unstructured working correlationwere used to take
into account the dependency of observations. For the primary outcome (tunnel collision yes or no) a logit link with a binomial distri-
bution was specified and for the continuous outcomes (length of the ALL tunnel, shortest length between ACL and ALL tunnels) an
identity link with a normal distribution was used. Univariate analysis was performed to investigate the effect of tunnel orientation,
tunnel length and ACL drilling technique on tunnel collision and tunnel lengths. The effect of orientation and of ALL tunnel length
was also investigated conditional on the drilling technique used, so separately for the ACL tunnels drilled through AMP or TT. A
five percent level of significance is used and statistical analysis is performed in Statistical Analysis System (SAS) forWindows version
9.4.

3. Results

3.1. Tunnel orientation

The highest rate of tunnel collision (81%) was observed when the ALL tunnel was aimed at 20° from the ALL femoral insertion
point to a proximal direction in the coronal plane and 0° in the axial plane. By aiming the ALL tunnel at 0° coronal and 40° axial
angulation, collision was avoided in 100% of the patients (Table 1, Figure 4). Tunnel conflict was observed in 10% when aiming the
ALL tunnel 40° anteriorly in the axial plane, independent of the coronal orientation, and was significantly lower relative to a 20°
anterior angulation (38% conflicts, (P b 0.001)) or a 0° anterior angulation (62% conflicts, (P b 0.001)).
Figure 2. Medial and frontal view of a patient with an anteromedial portal (AMP) drilled ACL reconstruction and subsequent nine different superimposed ALL tun-
nel orientations, each with 30 mm tunnel length. Tunnel collision was observed in five of nine combinations.



Figure 3. Frontal view of a patient with a transtibial drilled ACL and nine different ALL tunnel orientations with 25 mm (A) and (B) 30 mm tunnel length.
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3.2. Tunnel length and ACL drilling technique

Tunnel collision was significantly higher (P = 0.02) when the ACL tunnel was drilled by the AMP technique (48% conflicts) in
comparison to the TT technique (25% conflicts). When the length of the ALL tunnel was 30 mm, there was a significant higher
collision rate relative to a 25 mm length (42% vs 31%, respectively; P = 0.001) (Figure 3).

No significant difference in tunnel collision was seen between a 25 mm and 30 mm ALL tunnel length when the ACL tunnel
was drilled through the AMP. This was in contrast to the TT technique where a significant difference in collision occurrence was
noticed between a 25 mm and 30 mm ALL tunnel (16% vs 35%, respectively; P b 0.001).

When collision of both tunnels was observed, the mean length of the ALL tunnel was 18.4 mm in the AMP drilled group. With
a TT tunnel however, the mean length of the ALL tunnel was significantly higher with 25.5 mm (P b 0.0001).

When no collision between both tunnels was noticed, the mean shortest length between the ACL and ALL tunnel was six mil-
limeters, but significant differences were calculated between the different ALL tunnel orientations (P b 0.0001) (Table 2).

3.3. Relation to the trochlea, the intercondylar notch and the posterior femoral cortex

No violation of the trochlea was observed when drilling the ALL tunnel at 0° coronal and 40° axial orientation. Moreover, the
mean distance from the end of this 30 mm ALL tunnel (0°–40°) to the trochlear groove was 19.9 mm (range 14.5–27.6 mm).

No intercondylar notch violation was seen with a neutral tunnel orientation (0° coronal and 0° axial angulation) and the mean
distance to the intercondylar notch was seven millimeters (range 2.2 mm–13.3 mm).

There was a risk of violating the posterior femoral cortex when ALL tunnels were drilled at 0° in the axial plane (Figure 2).
Violation of the cortex was observed in 68.75%, 18.75% and 25% of the patients for the 0°coronal/0°axial, 20°coronal/0°axial and
40° coronal/0°axial ALL tunnel orientation, respectively.

4. Discussion

The primary purpose of this study was to assess the risk of tunnel collision in combined ACLR and ALLR and define the optimal
drilling angle for ALL femoral tunnel placement. Our data supports the hypothesis that a more anterior direction of the ALL tunnel
reduces the risk of tunnel collision. Independently of the orientation in the coronal plane, aiming the tunnel 40° anteriorly avoids
Table 1
Tunnel collision occurrence between the ALL and ACL tunnel.

Tunnel conflict (%)

Anteromedial portal Transtibial Total

25 mm 30 mm 25 mm 30 mm

0° coronal/0° axial 63 69 31 75 59
0° coronal/20° axial 6 13 6 6 8
0° coronal/40° axial 0 0 0 0 0
20° coronal/0° axial 94 100 50 81 81
20° coronal/20° axial 63 69 6 44 45
20° coronal/40° axial 13 13 0 0 6
40° coronal/0° axial 56 56 19 50 45
40° coronal/20° axial 81 88 19 50 59
40° coronal/40° axial 38 38 13 6 23
P value b0.0001 b0.0001 0.0009 b0.0001 b0.0001



Figure 4. Anteromedial portal drilled ACL and a 30 mm ALL tunnel at 0° coronal and 40° axial orientation. No collision was observed and no violation of the troch-
lea was noticed.
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tunnel conflict in 90% of the patients. Moreover, by aiming the ALL tunnel 40° anteriorly and perpendicular to the anatomical axis
of the femur, tunnel collision was avoided in 100% of cases, and therefore this position could be recommended as the safest angle.
Drilling the tunnel at 0° in the axial plane, however, significantly increased the risk for convergence and showed potential con-
flicts with the posterior femoral cortex. Furthermore, the highest risk for tunnel collision (81%) was seen when aiming the ALL
tunnel at 20° coronal and 0° axial orientation. Therefore, we do not recommend drilling the ALL tunnel at 0° in the axial plane,
regardless of the proximal-distal orientation. Furthermore, aiming the ALL tunnel 40° anteriorly did not result in violating the
trochlea. A safe distance of at least 14.5 mm was noticed. Tunnel angulations higher than 40° in the axial plane were avoided be-
cause this can result in elliptical tunnels and thinned cortices [45].

The secondary purpose was to compare the risk of creating a tunnel conflict in the AMP and TT technique and to provide
guidelines to avoid collision for each technique. The TT technique is widely used but is associated with non-anatomical placement
of the femoral tunnel, resulting in vertical graft placement and recurrent rotational instability [34]. Drilling the femoral ACL tunnel
through an AMP, however, was found to allow easier and more anatomical placement of the ACL tunnel [46]. It has been shown
that this technique creates a more horizontal graft orientation [41] and therefore it comes in closer proximity with the ALL origin.
Our second hypothesis was therefore confirmed, meaning that surgeons who drill the femoral ACL tunnel through the AMP have
an almost twice as high risk for tunnel collision than those who use the TT technique. Although concerns are made about recur-
rent instability and graft failure, surgeons who use the transtibial method for femoral ACL tunnel drilling are advantageous to
avoid tunnel conflicts in combined ACL and ALL reconstructions.

Another important risk factor for tunnel collision is the ALL tunnel length. Our study however shows that this is largely depen-
dent of the ACL femoral tunnel drilling technique that is used. When a more horizontal ACL graft was created by an AMP tech-
nique, the risk for tunnel collision remained almost 50%, both for the 25 mm and 30 mm ALL tunnels. This is in contrast with
the TT technique where the risk for collision between the ACL and ALL tunnels was halved using a 25 mm ALL tunnel length.

Femoral socket depth for the ALL tunnel varies among authors between 20 mm and 30 mm [21,22,26,47]. Our data show that
– when there was a conflict with the ACL tunnel – the mean length of the ALL tunnel was 18.4 mm (95% Confidence Interval (CI):
16.6–20.1) and 25.5 mm (95% CI: 24.3–26.7), for the AMP and TT techniques respectively. No significant differences were noted
between the different drilling orientations. For this reason, reaming a 20 mm long ALL tunnel when femoral ACL tunnel was
drilled transtibial can be enough to avoid tunnel collision. In the AMP technique, however, even a 20 mm ALL tunnel is not suf-
ficient to reduce the risk for tunnel collision.
Table 2
ALL tunnel length and minimal distance between ALL and ACL tunnels.

ALL tunnel length (tunnel collision) Minimal distance ACL–ALL (no tunnel collision)

Anteromedial portal Transtibial Anteromedial portal Transtibial

0° coronal/0° axial 19.6 (17.7–21.5) 25.3 (24–26.6) 0.8 (0.5–1.2) 1.5 (1–2.4)
0° coronal/20° axial 18.9 (16.4–21.4) 26.4 (25.2–27.71) 3.0 (2.0–4.5) 4.1 (2.9–5.8)
0° coronal/40° axial / 7.8 (4.9–10.8) 12.2 (8.6–17.3)
20° coronal/0° axial 18.1 (16.3–19.8) 24.7 (23.3–26.1) 0.9 (0.3–2.6) 1.9 (1.2–3.2)
20° coronal/20° axial 18.3 (16.2–20.3) 25.8 (24.1–27.4) 1.5 (1–2.4) 2.4 (1.7–3.6)
20° coronal/40° axial 18.5 (16.9–20.2) 3.7 (2.5–5.6) 7.5 (5.3–10.7)
40° coronal/0° axial 17.9 (16.1–19.7) 25.9 (24.4–27.4) 2.3 (1.5–3.6) 3.2 (2.1–4.7)
40° coronal/20° axial 18.2 (16.5–20) 26.3 (24.9–27.8) 0.7 (0.4–1.2) 2.3 (1.6–3.5)
40° coronal/40° axial 18.4 (16.6–20.2) 28 (26.7–29.2) 2.1 (1.4–3.1) 5.3 (3.7–7.6)
P value 0.1265 0.1553 b0.0001 b0.0001

Notes. All data are expressed in millimeters as mean (95% CI).
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To our knowledge, no previous data on the risk for tunnel collision in combined ACL and ALL reconstructions exist. Because of
the close relation with the origin of the fibular collateral ligament (FCL) comparisons can be made with previous studies investi-
gating the risk of tunnel collisions in combined ACL and FCL reconstructions. Moatshe et al. [48] and Gelber et al. [42] demon-
strated that 0° coronal and 30° axial angulation of the FCL tunnel was the most safe combination to avoid conflicts. Shuler
et al. [45] recommend a 0° coronal and 40° axial orientation of the FCL tunnel.

Our study has a number of limitations. All ACL reconstructions were performed by three experienced orthopedic surgeons who
used the same surgical technique, but variability between them is likely. Femoral socket diameter for the ALL tunnel was 4.5 mm
in our study and therefore the number of tunnel conflicts is expected to be higher in ALL reconstruction techniques using a
greater tunnel diameter [23,26]. Also our study did not consider any effects of tunnel orientation on fixation strength. Less per-
pendicular tunnel orientations could in theory be associated with less solid interference screw fixation.

5. Conclusion

ALL tunnel orientation needs careful intra-operative attention in order to avoid tunnel conflicts in combined ACL–ALL recon-
structions. Our study shows that risk of tunnel collision is a reality and becomes significantly increased when the ALL tunnel is
drilled at 0° in the axial plane. Tunnel collision can be avoided by aiming the ALL tunnel 40° anteriorly and perpendicular to
the anatomical axis of the femur. A more horizontal orientation of the ACL as in the AMP technique is an additional risk factor
for tunnel conflicts.
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