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ABSTRACT 

Background: Exposure of the insertion site of the anterior cruciate ligament (ACL) is important for appropriate tunnel 
placement in ACL reconstruction surgery. However, observing the femoral ACL insertion site via the standard anter-
olateral portal is sometimes difficult. In this study, we compared views of the femoral ACL insertion site between 
30-degree and the 45-degree arthroscopes. Methods: We first inserted the 30-degree and the 45-degree arthroscope into 
the anterolateral portal of a knee simulator in which we had drawn a lattice pattern on the lateral intercondylar notch 
based on the quadrant method. Next, we compared the arthroscopic views provided by the 30-degree and 45-degree 
arthroscopes during ACL reconstruction surgery by measuring the area of the lateral intercondylar notch visible through 
each of the arthroscopes. Results: In the knee simulator, the 45-degree arthroscope showed the entire area of the lateral 
intercondylar notch, whereas the 30-degree arthroscope had to be introduced more deeply to show the most superior and 
posterior quadrant, where the attachment of the anteromedial bundle of ACL is located. During the ACL reconstruction, 
the area of the lateral intercondylar notch in the field of view was larger through the 45-degree arthroscope than through 
the 30-degree arthroscope. Conclusion: The 45-degree arthroscope provides a better view of the femoral ACL insertion 
site via the anterolateral portal, which may be helpful during ACL reconstruction. 
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1. Introduction 

Appropriate tunnel placement is one of the essential is-
sues for successful anterior cruciate ligament (ACL) re-
construction. Recent detailed studies of the insertion site 
of the ACL have contributed to development of ACL 
reconstruction techniques and improvement in the accu-
racy of graft positioning [1-4]. Identification of the native 
ACL footprint plays an important part in anatomic ACL 
reconstruction surgery. The surgeon usually inserts the 
arthroscope via the anterolateral portal and inserts surgi-
cal devices via the anteromedial portal because the sur-
gical devices can more easily gain access to the femoral 
ACL insertion site via the anteromedial portal. However, 
conditions during surgery can occasionally necessitate 
switching the portals, for instance, encountering difficul-
ties in exposing the whole area of the ACL insertion site 
at the lateral femoral condyle when viewing via the an-
terolateral portal. We hypothesized that the 45-degree 
arthroscope would provide a better view of the femoral 
ACL insertion site than the standard 30-degree arthro-
scope. Before starting this study, we measured the angle 
of view of the 45-degree arthroscope and compared it 

with that of the 30-degree arthroscope. We found that the 
45-degree arthroscope covers 0 to 90 degrees of view 
whereas the 30 degree arthroscope has a more limited 
range of 0 to 75 degrees, suggesting that the larger angle 
of the 45-degree arthroscope angle might improve the 
view of the lateral intercondylar notch via the anter-
olateral portal. The purpose of this study is to compare 
views of the femoral ACL insertion site between 30-de- 
gree and 45-degree arthroscopes. 

2. Materials and Methods 

2.1. Arthroscopes 

Arthroscopes with two different oblique angles of 30 
degrees and 45 degrees were purchased from Smith & 
Nephew Inc. (Andover, MA, USA).  

2.2. Knee Simulator Model 

We drew a lattice pattern on the lateral intercondylar 
notch of a Sawbone® knee simulator based on the quad-
rant method of Bernard et al. [5], in which the total sag-
ittal diameter of the lateral femoral condyle along Blu-
mensaat’s line is divided into quadrants on the lateral *Corresponding author. 
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X-ray image. To apply this method to a three-dimen- 
sional bone model, we modified it by drawing multiple 
lines to divide up the distance from the edge of the ar-
ticular surface to the posterior wall of the intercondylar 
notch along the roof of the notch. For the height of the 
lateral femoral condyle, we measured the distance from 
the roof of the notch to the edge of the articular surface 
and then drew a horizontal line dividing the distance in 
half. Zantop et al. reported the location of center of an-
teromedial bundle and posterolateral bundle of ACL on 
the quadrant method [2]. We marked the center of the 
femoral insertion of the anteromedial bundle and poster-
olateral bundle of the ACL in accord with the method 
described by Zantop et al. [2] We then placed the knee 
simulator on the table in a flexion angle of 50 degrees 
and introduced, in turn, the 30- and 45-degree arthro-
scopes via the anterolateral portal and via the anterome-
dial portal of the knee simulator. The arthroscope was 
held keeping the distal edge of the lateral intercondylar 
notch at the edge of view while the oblique face of the 
arthroscope pointed to 3 o’clock. The views from the 30- 
and 45-degree arthroscopes were compared. 

2.3. In Vivo Measurement 

We examined the femoral ACL insertion site in 15 knees 
with both the 30- and the 45-degree arthroscopes intro-
duced via the anterolateral portal during ACL recon-
struction surgery. We placed the anterolateral portal ap-
proximately 1cm above the lateral joint line and adjacent 
to the lateral margin of the patellar tendon. The arthro-
scope was held keeping the distal edge of the lateral in-
tercondylar notch at the edge of view while the oblique 
face of the arthroscope pointed to either 3 o’clock for left 
knees or 9 o’clock for right knees. We measured the area 
of the lateral intercondylar notch using image J software 
(public domain software). The ratio of the area of the 
lateral intercondylar notch to the area of the whole ar-
throscopic view provided by the 30-degree arthroscope 
was compared with that provided by the 45-degree ar-
throscope. We used the Wilcoxon signed-rank test for 
our statistical analysis, setting the level of statistical sig-
nificance at p < 0.05. 

3. Results 

3.1. Analysis in the Knee Simulator Model 

Using a knee simulator, we compared views of the lateral 
intercondylar notch on which we had drawn a lattice pat-
tern based on the quadrant method (Figure 1). The 45- 
degree arthroscope was able to encompass the entire lat-
tice pattern via the anterolateral portal, whereas the  
30-degree arthroscope could visualize only the anterior 
two quadrants. When we positioned the arthroscope to 

keep the edge of view on the most proximal tangent line, 
the mark on the femoral attachment of the anteromedial 
bundle was visible only in the 45-degree arthroscope 
(Figures 1(a) and (b)), whereas the 30 degree arthro-
scope had to be introduced more deeply towards the 
second tangent line to show the mark (Figure 1(c)). 
Identification of the posterior edge of the lateral inter-
condylar notch (the fifth tangent line) was easier using 
the 45-degree arthroscope than the 30-degree arthroscope 
(Figures 1(c) and (d)). On the other hand, we obtained 
good visualization with both arthroscopes via the an-
teromedial portal (Figures 1(e) and (f)). 

3.2. In Vivo Measurement during ACL  
Reconstruction 

During ACL reconstruction, we compared views of the  
 

 

Figure 1. A lattice pattern is drawn on a Sawbone knee 
simulator based on the quadrant method. The horizontal 
line divides the height of lateral femoral condyle in half. 
The arthroscopes were introduced via the anterolateral 
portal and held in the same position, keeping the edge of 
view on the most proximal tangent line (a), (b) or on the 
second tangent line (c), (d). The arthroscopes also were in-
troduced via the anteromedial portal (e), (f). The most su-
perior and posterior quadrant, which contains the femoral 
attachment of the anteromedial bundle of the ACL (white 
asterisk), can be seen more clearly in the images from the 
45-degree arthroscope (b), (d) than in the images from the 
30-degree arthroscope (a), (c). The black asterisk identifies 
the attachment of the posterolateral bundle of the ACL. 
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to improve their view when looking at the femoral at-
tachment. Our study findings indicate that a 45-degree 
arthroscope can provide a good view of the femoral at-
tachment via the standard anterolateral portal. 

lateral intercondylar notch after removal of the ACL 
remnant (Figure 2). We used image J software to meas-
ure the visible area of the lateral wall of the intercondylar 
notch through the 45-degree and 30-degree arthroscopes, 
positioning both arthroscopes the same. The area of the 
lateral intercondylar notch was 48.3% ± 22.0% (mean ± 
SD) larger in the view provided by the 45-degree arthro-
scope than in the view provided by the 30-degree arthro-
scope via the anterolateral portal (Table 1). No signifi-
cant difference in viewing area was observed between 
arthroscopes via the anteromedial portal. 

The transtibial technique of ACL reconstruction con-
sists of drilling a femoral tunnel through the tibial tunnel. 
This technique has been widely used for a long time [6,7] 
and may be familiar to many surgeons. This technique 
requires introduction of the tibial drilling guide via the 
anteromedial portal while looking through the arthro-
scope via the anterolateral portal. Because the femoral 
tunnel is drilled from the tibial tunnel, accurate determi-
nation of the direction of drilling for the tibial tunnel is 
vital to subsequently positioning the femoral tunnel at an 
ideal point on the femoral attachment of the ACL. There- 
fore, placing the tibial drilling guide at the center of the 
tibial insertion site while simultaneously correctly aiming 
the guide towards the subsequent femoral drilling site is 
critical to a successful femoral drilling outcome. To ach- 
ieve this, good visualization of the femoral insertion site 
from the anterolateral portal is required because the an-
teromedial portal is occupied by the tibial guide during 
tibial drilling in this technique. Although the transtibial 
technique is relatively straightforward, some articles 
have noted difficulties in positioning the femoral tunnel 
at an optimal location through the tibial tunnel [8,9]. Al-
ternative approaches are available, including drilling the 
femoral tunnel from an accessory far-medial portal or 
employing an outside-in technique while looking at the 

4. Discussion 

Our study results demonstrated that the 45-degree ar-
throscope provided a wider viewing field and improved 
visualization of the lateral intercondylar notch via the 
anterolateral portal compared with the 30-degree arthro-
scope, which in turn suggests that the 45-degree arthro-
scope would improve the view of femoral ACL attach-
ment in this orientation. On the other hand, neither ar-
throscope was superior to the other when viewing via the 
anteromedial portal. 

Obtaining a good view of the femoral attachment of 
the ACL is key to creating a proper femoral tunnel. Sev-
eral cadaveric studies have described the location of the 
ACL insertion site. Burnard et al. reported that the center 
of the femoral insertion site of the whole ACL was lo-
cated at the corner of most superoposterior quadrant, as 
they defined their quadrants [5]. More recent studies 
have identified the location of both the anteromedial 
(AM) bundle and the posterolateral (PL) bundle of the 
ACL. Zantop et al. reported that the center of the AM 
bundle was located 5.3 mm from the notch and 5.7 mm 
from the intercondylar line, while the center of the PL 
bundle was located 9.5 mm from the shallow cartilage 
margin and 5.8 mm from the inferior cartilage margin 
[2]. 

 

 In cases where observing the ACL attachment via the 
anterolateral portal proves difficult, the surgeon should 
be prepared to employ alternative methods to obtain a 
better view. Since a medially located portal improves 
visualization of the lateral intercondylar notch, one pos-
sible alternative is to switch the viewing portal to the 
anteromedial portal during surgery. Another approach 
would be to create a different portal, such as a transpa-
tellar portal. Some surgeons use a 70-degree arthroscope  

Figure 2. Arthroscopic views during the ACL reconstruc-
tion surgery. The 30-degree (a) or 45-degree; (b) Arthroscope 
is positioned to maintain the edge of view on the anterior 
border of the lateral intercondylar notch. The visible area 
of the lateral intercondylar notch is measured with image J 
software. The area from the 45-degree arthroscope was 
38% larger than that from the 30-degree arthroscope in this 
case. The 45-degree arthroscope showed the ACL footprint 
(arrow) more clearly than the 30-degree arthroscope. 

 
Table 1. The ratio of the area of the lateral intercondylar notch to the area of the whole arthroscopic view (average ± SD, %). 

From the anterolateral portal From the anteromedial portal 

Area ratio 30˚ Area ratio 45˚ 45˚/30˚ Area ratio 30˚ Area ratio 45˚ 45˚/30˚ 

35.0 ± 13.8 (%) 51.3 ± 16.6 (%)* 148.3 ± 22.0 (%) 78.3 ± 12.5 (%) 82.6 ± 17.8 (%) 103.2 ± 19.6 (%) 

*P < 0.001 compared to the area ratio in 30 degree arthroscope in Wilcoxon signed-rank test. 
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femoral insertion site from the anteromedial portal, wh- 
ich provides a better view [8,10-13]. However, for sur-
geons utilizing the transtibial technique for ACL recon-
struction, the improved view of the femoral insertion site 
via the anterolateral portal afforded by the 45-degree 
arthroscope should be especially helpful for properly 
angling the drill so as to optimally direct the tibial tunnel 
towards the femoral attachment. 

5. Conclusion 

The current study shows that a 45-degree arthroscope 
provides an improved visualization of femoral ACL at-
tachment from the anterolateral portal compared with a 
30-degree arthroscope inserted from the same portal. An 
improved view of the ACL insertion site via the anter-
olateral portal may be particularly helpful to surgeons 
when they need to use the anteromedial portal for surgi-
cal devices. 
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