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Abstract

There are multiple modes of femoral fixation for the 
treatment of the anterior cruciate ligament (ACL)–defi-
cient knee. Femoral interference screws are commonly 
used and are often buried to accommodate a graft–tun-
nel mismatch. 
  After performing ACL reconstructions and imaging the 
ACL in 3 cadaveric knee specimens, obvious graft excur-
sion and impingement was seen with recessed femoral 
interference screw fixation. The consequences of impinge-
ment are well known, and when faced with a graft–tunnel 
mismatch, alternative modes of fixation are advised. 

Anterior cruciate ligament (ACL)–deficient knees 
have multiple surgical treatment options with a vari-
ety of graft and femoral fixation techniques, includ-
ing autografts and allografts using interference 

screws, transfixion pins, EndoButtons (Smith & Nephew 
Endoscopy, Andover, Mass), and staples and sutures to a 
screw post. Commonly used autografts include bone–patel-
lar tendon–bone (BTB), quadrupled semitendinosus/gracilis 
tendon, and quadriceps tendon. Allograft options include 
bone–patellar tendon–bone, hamstring tendons, anterior and 
posterior tibialis tendons, and Achilles tendon.1-3

Numerous techniques for ACL graft fixation have been 
advocated in both clinical and biomechanical studies, 
but the specific type of ACL graft fixation that is used 
appears to be primarily a matter of personal preference 
on the part of the surgeon. Although the surgeon per-
forming an ACL reconstruction now has the option to 
use techniques such as transfixion pin and EndoButton 
systems, interference screws are still used commonly as 
a graft fixation technique.

We conducted this study to elucidate the complications 
that can occur when interference screws are buried in the 
femoral tunnel during ACL reconstruction, particularly in 
the case of a graft–tunnel mismatch.

Materials and Methods
Four fresh-frozen knee specimens were obtained. Open ACL 
reconstructions were performed using BTB autografts with 
the Acufex guide system (Smith & Nephew Endoscopy, 
Andover, Mass) on 3 of these knees, leaving the fourth as 
a control. Femoral fixation with interference screws and an 
EndoButton was performed. Knee 1 had a buried femoral 
interference screw (Figure 1), knee 2 had a screw at the bone–
joint interface (Figure 2), knee 3 underwent EndoButton fixa-
tion (Figure 3), and knee 4 was the control (used to evaluate 
natural excursion of ACL).

ACL reconstruction with interference screws was per-
formed using a midline medial parapatellar approach with 
BTB graft harvest. The graft was prepared, each bone 
plug was sized to 10 mm, and polyester sutures (Ethibond; 
Ethicon, Ciudad Juarez, Chihuahua, Mexico) were placed 
for graft passage and fixation. The native ACL was resect-
ed, and a minimal femoral notchplasty was performed. 
Notchplasty was performed using quarter-inch osteotomes 
and removing approximately 3 mm of bone in each direc-
tion around the notch. Ten-millimeter tibial and femoral 
tunnels were created, and the over-the-top position on the 
posterior lateral femur was confirmed by direct visualiza-
tion. Subsequently, the graft was pulled into position. 
Next, a pilot hole for screw placement was made anterior 
to the graft at the femoral notch–joint interface. A can-
nulated titanium screw set (Figures 4A, 4B) was used to 
place the interference screws (9×20 mm). For knee 1, the 
screw was buried approximately 10 mm. For knee 2, the 
screw was placed at the notch–joint interface.

An identical surgical technique was used when recon-
structing the ligament with the EndoButton. Ten-millime-
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Figure 1. Anterior cruciate ligament reconstruction with 
recessed femoral interference screw.
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ter tunnels were created, and calculations were performed 
to seat the femoral bone plug within 5 mm of the joint 
surface. The EndoButton and graft were then finally pulled 
into position (Figure 5).

Sagittal computed tomography (CT; Siemens spiral 
CT, Sensation 4, 1-mm cuts with reconstructions) scans 
of each specimen were taken at 0°, 30°, 60°, and 90° of 
flexion. Angles were confirmed with a goniometer. During 
imaging, constant tension on the graft was maintained with 
5 pounds of longitudinal traction through a tensiometer 
attached to the graft.

results
Each of the 3 reconstructed ACL knee specimens 
revealed satisfactory graft placement within 1 to 2 mm of 
the posterior femoral cortex documented by direct visu-
alization and CT. As the knee specimens were extended 
from 90° of flexion to 0° of extension, increased graft 
excursion and obvious graft impingement occurred on 
the edge of the interference screw and roof of the inter-
condylar notch in knee 1 (Figures 6A–6D). Minimal 
contact occurred between the graft and the lateral femo-
ral condyle. The anterior defect created to accommodate 
placement of the interference screw added to graft trans-
lation and impingement. This was grossly visualized and 
seen radiographically in full extension (Figure 6D). On 
the basis of similar sagittal images, no graft excursion 
or obvious impingement occurred in knees 2 through 4 
(Figures 7A–7C).

discussion
ACL reconstruction can be technically challenging, and its pit-
falls have been well documented. Emphasis has been placed 
on graft–tunnel position, and several studies have revealed 
that creating an anterofemoral tunnel within the intercondylar 
notch is the most common technical error in single-incision 
arthroscopic ACL surgical techniques.4-7 Anterior femoral 
tunnel placement affects graft isometry, causing the graft to 
tighten in knee flexion, and results in intercondylar roof and 
anterior notch impingement in extension. 

This study reveals that burying femoral interference 
screws within the femoral tunnel is another technical error, 
one that in effect results in intercondylar roof and notch 
impingement, as is clear in Figures 6A through 6D, which 
show significant graft excursion and impingement to the 
point of “kinking of the graft.” Taylor and colleagues8 
acknowledged the theoretical concern of graft impingement 
with femoral bone plug recession; however, the clinical 
symptoms of tendon abrasion were not seen. Although 
this study was performed on cadaver specimens, obvious 
radiographic impingement occurred, and the consequences 
of buried screws should be noted. Impingement at the 
screw–tendon interface is another potential complication 

Figure 2. Anterior cruciate ligament reconstruction with femoral 
interference screw at bone joint interface.

Figure 3. Anterior cruciate ligament reconstruction with 
EndoButton.

Figure 4. (A,B) Femoral interference screw placement.

Figure 5. EndoButton on anterolateral aspect of distal femur.
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with recessed screws; however, this is usually seen when the 
screw is proud relative to the bone plug. In this study, great 
care was taken to advance the screws enough to prevent the 
possible stress riser from a screw–tendon interface.

If a surgeon is faced with a graft–tunnel mismatch, 
interference screws are often buried in an attempt to correct 
the mismatch. A graft–tunnel mismatch occurs when the 
BTB graft is too long and the tibial bone plug is exposed 
on the anterior tibial cortex when the femoral bone plug 
is placed at a level flush to the surface of the femoral 
intercondylar notch (Figure 8). Graft–tunnel mismatch 
may also occur when a tibial tunnel is drilled short, which 
results in minimal length for the graft to be placed within 
the tibia (Figure 8). To correct for this mismatch, the BTB 
graft is often advanced into the femoral tunnel, and the 
interference screws are buried adjacent to the femoral bone 
plug. When femoral interference screw and bone plug are 
driven deeper, satisfactory tibial bony healing can occur, 
protrusion of the tibial plug is prevented, and creation of a 
tibial metaphyseal trough is avoided. As a result, a larger 
anterior defect occurs in the femoral tunnel, resulting in 
excursion, impingement, and increased graft–roof contact 
pressures, all of which have proved to be deleterious to the 
tendon grafts.

Much has been written about use of anatomical land-
marks, angle of entry variation, and graft and tunnel 
measurements to prevent graft–tunnel mismatches.9-13 
This article does not delve into the details of graft–tunnel 
mismatch prevention but informs surgeons about the con-
sequences of burying femoral bone plugs and screws when 
correcting for the mismatch.

Impingement of the ACL against the intercondylar notch 
is thought to cause anterior knee pain, extension deficit, and 
potential graft failure with recurrent instability.14-17 Watanabe 

and Howell18 described the arthroscopic findings of impinge-
ment. During a “second look” arthroscopy, they noted grafts 
having one or more of the following: fractured bundles, guil-
lotined remnants at the tibial insertion, parallel fragmentation 
of an uninterrupted graft, a fibrous nodule, or an extrusion of 
graft material at the outlet of the notch. These findings, they 
concluded, were caused by a mechanical injury, which may 
have been responsible for the clinical symptoms of impinge-
ment. In addition, Goss and colleagues19 established that graft 
damage occurred secondary to increased contact pressures 
with roof impingement. Given the findings in our present 
study, burying femoral interference screws is another cause 
of impingement. Therefore, previous recommendations to 
recess femoral interference screws as a means of correcting 
for graft–tunnel mismatch should not be followed.

Although an aggressive notchplasty would seem to 
mitigate the effects of impingement in patients with narrow 
intercondylar notches or anterior femoral tunnel placement, 

Figure 6. Sagittal images at 90° (A), 60° (B), 30° (C), and 0° (D) of 
knee 1 (recessed interference screw).

Figure 8. Graft–tunnel mismatch.

Figure 7. Extension views: (A) 
knee 2, (B) knee 3, (C) knee 4.
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Fu and colleagues20 and Hame and colleagues21 discussed 
roofplasty and its potential consequences, including abnor-
mal kinematics secondary to displacement of the femoral 
insertion, articular cartilage histopathologic changes con-
sistent with degenerative arthrosis, increased postoperative 
pain, bleeding, swelling, and potential notch overgrowth. 
We calculated that, when the graft is buried 10 mm, approx-
imately 1.5 cm of bone in the intercondylar notch (sum of 
osteotomized notch bone) would have to be resected after 
graft placement to prevent notch impingement.

conclusions
Accurate femoral tunnel placement and fixation are crucial 
steps in ACL reconstruction. Although surgeons make 
every attempt to place the graft as posterior as possible 
in the femur, this placement can be compromised when 
interference screws are buried. Recessing the graft and 
screw creates a large defect that allows anterior graft 
excursion and impingement at the intercondylar roof and 
anterior notch before full extension. Therefore, we recom-
mend placing femoral interference screws and bone plug at 
the bone–joint interface and either creating a tibial trough 
or providing alternative means of fixation in the case of a 
graft–tunnel mismatch.
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