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Purpose: To compare drilling the femoral tunnel with an offset aimer and BullsEye guide (ConMed
Linvatec, Largo, FL) to perform an anatomic single-bundle reconstruction of the anterior cruciate
ligament (ACL) through the anteromedial portal. Methods: Seven matched pairs of cadaveric knees
were studied. The intent was to drill the femoral tunnel anatomically in all cases. In group A the
femoral tunnel was drilled arthroscopically with an offset aimer. In group B the femoral tunnel was
drilled arthroscopically with the BullsEye guide. Two tunnels were drilled through the same entry
point in each knee. One was done at 110° of knee flexion and the other at 130°. They were scanned
by computed tomography and reconstructed 3-dimensionally. Volume-rendering software was used
to document relations of the drilled tunnel to the bony anatomy and tunnel length. Results: In group
B the femoral tunnel was placed at the center of the femoral insertion site. The center of the tunnel
was 9.4 mm from the high cartilage margin and 8.6 mm from the low cartilage margin. In group A
the tunnels were placed deeper (5.4 mm and 12.6 mm, respectively) (P � .018). There were no
differences in tunnel length for either knee flexion degree. Three of the tunnels drilled at 110° in
group A compromised the posterior tunnel wall and measured less than 25 mm in length. Conclu-
sions: Accurate placement in the center of the femoral footprint of the ACL is better accomplished
with the BullsEye guide rather than 5-mm offset aimers. Five-millimeter offset aimers might cause
posterior tunnel blowout and present the risk of obtaining short tunnels when performing oblique
femoral tunnel placement through the anteromedial portal at 110° of knee flexion. Clinical Rele-
vance: The BullsEye guide might be better than standard offset aimers in the performance of
anatomic single-bundle ACL reconstruction.
o
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Fixation of the anterior cruciate ligament (ACL)
high in the notch has been the leading technique

ver the last 20 years.1 However, this nonanatomic
femoral tunnel placement cannot satisfactorily achieve
the required rotatory knee stability.

There are 2 widely used techniques for creating the
femoral tunnel. One is performed by drilling through
the tibial tunnel (transtibial technique), and the other
is performed by drilling through the anteromedial
(AM) portal (AM portal technique). Placing the graft
at the center of the anatomic insertion site with a
transtibial technique is not always easily done.2-4

Some surgeons have advocated independent drilling
of the femoral tunnel. Thus drilling the femoral tunnel
through a low accessory AM portal has become an-

other option for placing the graft anatomically.5,6
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There are also different methods to aid in drilling
the femoral tunnel. Whereas some surgeons drill the
tunnel over a guidewire inserted directly at the desired
femoral site,7 others insert the guidewire with the
help of femoral drill guides. One of the drill guides,
the standard femoral offset aimer, was originally de-
veloped to assist in establishing sufficient posterior
placement of the femoral tunnel when drilling with a
transtibial technique while minimizing the risk of pos-
terior blowout. Although new specific AM portal off-
set guides have been developed by industry in recent
years to better assist anatomic reconstruction, many
authors who have changed to an AM portal drilling
technique are still using standard offset femoral aim-
ers.8-12 Guides other than those based on the distance
to the posterior cortex have also been developed. One
of them, the BullsEye Femoral Footprint guide
(ConMed Linvatec, Largo, FL), has a window at its
oval end for easy visualization of the desired guide pin
placement (Fig 1). This guide also allows the surgeon
to pre-visualize where the femoral tunnel with its final
size will be after drilling. The precision and potential
advantages of this new guide have never been objec-
tively evaluated.

With regard to the evaluation of tunnel placement,
Purnell et al.13 have recently described the ACL fem-
oral insertion site through the use of high-resolution
computed tomography (CT) with 3-dimensional (3D)
reconstructions and volume-rendering software. Re-
cently, evaluating the placement of the tunnels in ACL
reconstruction with this technique has become more
popular, and proper anatomic tunnel placement on 3D

FIGURE 1. BullsEye Femoral Footprint guide. Its open tip allows

for easy visualization of the femoral footprint. Inset, Complete
BullsEye guide.
CT images has been described by Basdekis et al.14

Forsythe et al.15 have also very recently defined the
osition of anatomic femoral tunnels on 3D CT re-
onstruction images by adapting the quadrant method
escribed by Bernard et al.16 on lateral standard ra-

diographs.
The aim of this work was to compare a standard

offset femoral aimer versus the BullsEye guide in the
performance of an anatomic single-bundle reconstruc-
tion through the AM portal with CT images. Another
goal was to define the length of the femoral tunnels
placed at 2 different degrees of knee flexion. The last
purpose was to assess the safety of both aimers in
guiding the femoral tunnel drilling at 2 different de-
grees of knee flexion.

The first hypothesis of the study was that the Bulls-
Eye guide, in comparison to the offset femoral aimer,
would allow for a more anatomic placement of the
femoral tunnel. The second hypothesis was that higher
knee flexion would allow for longer femoral tunnels.

METHODS

Seven matched pairs of whole–lower extremity
fresh knees from cadaveric volunteer donors were
studied. There were 4 male donors and 3 female
donors, whose ages ranged from 54 to 85 years (mean,
76 years). The specimens had been stored at �18°C.
They were then thawed at room temperature for 24 to
36 hours before testing. None of the knees showed
macroscopic signs of previous surgery or degenerative
changes. Preoperative mobility, measured with a go-
niometer, showed minimum flexion of 135°. Full ex-
tension was still possible. The specimens were
mounted on a knee holder (Extremity Holder; Saw-
bones, Malmö, Sweden).

By use of a long metal ruler, the longitudinal axis
of the thigh— defined as the line passing through
the greater trochanter and the lateral epicondyle—
was marked with a skin pen. The longitudinal axis
of the leg passing through the center of the fibular
head and the lateral malleolus was also marked. A
manual goniometer was used to measure the angle
between the 2 lines so that femorotibial flexion
could be calculated.

One of the knees of a pair was assigned to receive
a femoral tunnel drilled with a standard 5-mm offset
aimer (group A), whereas the other was assigned to
receive a femoral tunnel drilled with the help of the
newly designed BullsEye guide. The matched pairs
were used to minimize anatomic differences be-

tween specimens.
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819FOOTPRINT GUIDE AND ACL RECONSTRUCTION
Arthroscopic Procedure

All surgical procedures were carried out by the
same surgeon under the supervision and with the
agreement of 2 of the other authors. Only when the 3
experienced surgeons agreed on tunnel placement was
the tunnel drilled. The knees hung freely at 90° of
flexion except when the femoral tunnels were being
drilled. A high anterolateral portal was established as
the initial viewing portal. A parapatellar AM portal
was also then created as a viewing portal so that the
medial wall of the lateral condyle could be better seen.
Finally, an accessory AM portal was established as the
working portal. This portal was set as distally as
possible with the help of a spinal needle under direct
visualization to avoid injuring the anterior horn of the
medial meniscus. In addition, the portal was placed as
medial as possible without injuring the medial femoral
condyle.

After excision of the ACL, the lateral wall of the
intercondylar notch was cleared with the help of a
shaver, leaving 1 to 2 mm of the ACL femoral stump.

In group A the femoral tunnel placement was se-
lected with the help of a 5-mm offset aimer (Fig 2A).
The clock-face position was carefully placed at the
10-o’clock (right knees) and 2-o’clock (left knees)
positions with reference to the inside of the notch.
This is known to be the intermediate point between the
AM and posterolateral (PL) bundles in the high/low
position.17 In group B the femoral tunnel placement

as selected with the help of the BullsEye femoral
uide (Fig 2B). Its open design allows for easy viewing
f the ACL femoral footprint. The center of the tunnel
as drilled at an intermediate point between the AM and
L femoral footprints or in the center of the lateral
ifurcate ridge when this had been clearly identified. In
ach of the knees of both groups, the procedure was as
ollows: (1) a 2.5-mm K-wire was drilled at 110° of knee
exion and subsequently over-reamed with a 5-mm
annulated reamer; (2) the K-wire was drilled at the
ame entry point but at 130° of knee flexion, and then
t was also over-reamed to 5 mm; and (3) the first 10
o 15 mm of the entry point of the femoral tunnel was
ver-reamed to 8 mm. This was done to obtain better
apping of the anatomic single-bundle reconstruction

n 3D CT imaging analysis because this 8-mm tunnel
iameter is commonly seen in the clinical setting (Fig
). This was also performed at 130° of knee flexion.

T Scanning

All knees were placed in full extension and imaged

n multiple planes on a Toshiba Aquilon CT Scan
SX-101A (Toshiba Medical Systems, Tochigi-Ken,
apan) to generate high-resolution 3D images of the
laced tunnels. EFilm Workstation 2.1.2 integrated
iew and processing software (Merge Healthcare,
artland, WI) allowed for the removal of the medial

emoral condyle to visualize the lateral wall of the
ntercondylar notch. Images that were coplanar with
he tunnels were also analyzed. One radiologist, an
xpert in musculoskeletal imaging, performed all
easurements twice and then averaged them. The

ollowing parameters, all of them expressed in milli-
eters, were measured in all matched-pair knees:

● The shortest distance from the center of the 8-mm
tunnel to the posterior margin of the articular car-

FIGURE 2. (A) Arthroscopic view of right knee from anterolateral
portal. In group A the femoral tunnel was drilled with assistance
from an offset aimer. (B) Arthroscopic view of left knee from AM
portal. In group B the BullsEye guide aided the proper placement
of the femoral tunnel.
tilage (deep in the notch) was calculated. This was
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called the distance to the proximal cartilage margin
(DPCM). This measurement was based on the studies
performed by Colombet et al.2 and Basdekis et al.14

● The shortest distance from the center of the 8-mm
tunnel to the anteroinferior margin of the articular
cartilage (low in the notch) was calculated. This
was called the distance to the distal cartilage margin
(DDCM) (Fig 4). This measurement was based on
the same study as the DPCM.2,14

● The position of the tunnel was calculated with the
quadrant method described by Forsythe et al.15 On
a true medial view of the femur established at 90° of
knee flexion, a 4 � 4 grid was applied to the 3D CT
images. Following the recommendations of For-
sythe et al., the most anterior edge of the femoral
notch roof was chosen as the reference for the grid
alignment.

The previously mentioned measurements were cal-
culated on the reconstructed 3D images. The follow-
ing measurements were calculated on selected images
that were coplanar with the tunnel to allow for a direct
measurement from the intra-articular to the extra-
articular apertures:

● The length of the 2 tunnels in each knee was mea-
sured, i.e., the tunnel length drilled at 110° of knee
flexion in group A or B and the tunnel length drilled
at 130° of knee flexion in group A or B. Because
lateral femoral condyles have a rounded shape and
the tunnel is not drilled orthogonally, the measured

FIGURE 3. Arthroscopic view of right knee. Two divergent 5-mm
tunnels are seen. The lower tunnel was placed at 110° of knee
flexion (a), whereas the other tunnel was drilled at 130° (b). The
first 15 mm of the entry point was over-drilled to 8 mm (arrows).
length may vary depending on whether the anterior o
or posterior border of the tunnel is used as the
reference. Therefore the tunnel length was mea-
sured in the center of the tunnel. Tunnels shorter
than 25 mm, which is the minimum length recom-
mended,9,10,18 were recorded.

● The divergence angle (TDA) between the tunnel
drilled at 110° of knee flexion and the tunnel drilled
at 130° of knee flexion was calculated.

● The shortest distance between both tunnels in the
exit point at the lateral femoral cortex was calcu-
lated from coplanar images.

● Posterior wall compromise was defined by any
breach in the posterior cortical wall of the tunnel
that was evident on any CT image.

tatistical Analysis

Categorical variables are presented as percentages
nd frequencies. For each continuous variable, mean
nd standard deviation as well as median and quartiles
ere calculated. Because of the small sample number

nd the difficulty of determining whether the variables
ere or were not adjusted to a normal distribution, the
aired nonparametric Wilcoxon test was used to com-
are the measurements in both groups. These contin-
ous variables are presented as medians. Statistical
nalysis was performed with SPSS software, version
5 (SPSS, Chicago, IL). Statistical significance was
et at the .05 level.

FIGURE 4. Morphometric parameters of tunnel positioning mea-
ured on lateral wall of intercondylar notch. The DPCM’s arrow
orresponds to the shortest distance from the center of the tunnel to
he posterior margin (deep in the notch) of the articular cartilage.
he DDCM’s arrow corresponds to the shortest distance from the
enter of the tunnel to the anteroinferior margin (low in the notch)

f the articular cartilage.
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RESULTS

In group B the femoral tunnel was at about the
midpoint of the medial wall of the lateral condyle in
the sagittal plane (deep/shallow position) (Fig 5). On
the other hand, the femoral tunnels drilled in the
specimens corresponding to group A were placed
deeper and right near the posterior cortical wall (Fig
6). In group B the median DPCM was 9.4 mm and the
median DDCM was 8.6 mm. On the other hand, the
median DPCM was 5.4 mm and the median DDCM
was 12.6 mm in group A (P � .018 for both measure-

ents). These results are summarized in Table 1.
imilarly, when the deep/shallow position was ana-

yzed with the quadrant method on 3D scan images,15

the tunnel was deeper in group A (19.7%) than in
group B (26.9%) (P � .018).

Analysis of the coronal plane showed that tunnels
laced in group A had a median high/low position of
0.3%. In group B the tunnels were placed lower, at a
edian high/low position of 40.8% (P � .018).
The tunnel length showed no differences when we

compared the tunnels of both groups drilled at either

FIGURE 5. Three-dimensional CT scan reconstruction. In the
BullsEye group (group B), the drilled single tunnel was generally
in the center of the femoral footprint, as shown in this sample. A

dotted circle was added to better aid in distinguishing the drilled
tunnel. m
110° (P � .18) or 130° (P � .24) of knee flexion.
There was also no statistical difference when compar-
ing them within the same groups (group A, P � .091;
group B, P � .15). However, 3 of the tunnels drilled
at 110° of knee flexion with the offset aimer (group
A) were shorter than 25 mm (17, 20, and 23.1 mm)
(Fig 7). Table 2 provides a summary of the different
tunnel length measurements.

The tunnels drilled at 110° and 130° of knee flexion
diverge from each other in the same proportion to the
same degree. The TDA was 15.6° in group A and
17.9° in group B (P � .18). Similarly, the distance
from the lateral exit point of the tunnels placed at 110°
of knee flexion to the tunnels placed at 130° of knee
flexion was equivalent when comparing 1 group with
the other. The median TDA was 15.6 mm in group A
and 17.9 mm in group B (P � .73).

FIGURE 6. Three-dimensional CT scan image. The location of the
tunnel aperture center in the 5-mm standard offset aimer group
(group A) was generally established deep in the notch, as shown in
this specimen.

TABLE 1. Distances From Center of Drilled Femoral
Tunnels to Cartilage Margin in Lateral Wall of

Intercondylar Notch With Standard 5-mm Offset Aimer
(Group A) and With BullsEye Guide (Group B)

Minimum (mm) Maximum (mm) Median (mm)

PCM
Group A 4.7 6.7 5.4
Group B 8.5 14 9.4

DCM
Group A 10.1 16.1 12.6
Group B 7.2 10.9 8.6
Abbreviations: DPCM, distance to proximal (deep) cartilage
argin; DDCM, distance to distal (low) cartilage margin.
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Finally, the tunnels drilled at 110° of knee flexion
caused partial compromise of the posterior tunnel wall
in 3 of 7 knees corresponding to group A (Fig 8).
These partial breakages caused the aforementioned
short tunnels.

DISCUSSION

The principal finding of this study was that place-
ment of a single femoral tunnel at the anatomic inser-
tion is better accomplished with the BullsEye guide
rather than with offset aimers. The aforementioned
finding confirms our first hypothesis.

FIGURE 7. CT scan image, coplanar with both tunnels. The pos-
erior tunnel (asterisk), which was drilled with the help of the offset
imer at 110° of knee flexion, measured only 23 mm in length.

TABLE 2. Tunnel Lengths Corresponding to Drilled
Femoral Tunnel With Standard 5-mm Offset Aimer

(Group A) and With BullsEye Guide (Group B) at 110°
and 130° of Knee Flexion

Minimum (mm) Maximum (mm) Median (mm)

L110°
Group A 17 42 30
Group B 27 40 34.7

L130°
Group A 30 37.2 35.5
Group B 26 42 32
Abbreviations: TL110°, tunnel length drilled at 110° of knee
exion; TL130°, tunnel length drilled at 130° of knee flexion.
The degree of knee flexion during drilling of the
femoral tunnel is controversial. Currently, knee hyper-
flexion is recommended to provide increased tunnel
length.18,19 However, Bedi et al.10 showed a paradox-
cal reduction in tunnel length, as well as an increased
isk of posterior tunnel blowout. They suggested that
his could be because of their use of a femoral offset
uide when drilling through the AM portal. In contrast
o our second hypothesis, no differences were ob-
erved in tunnel length when we compared 110° and
30° of knee flexion with either the standard offset
imer or the BullsEye guide in this study. However,
e observed longer tunnels when using the latter
uide. This might be because of posterior wall refer-
ncing with the offset aimer when drilling at a high
egree of knee flexion through the AM portal. Para-
oxically, this may increase the posterior trajectory of
he guidewire and thereby increase the risk of short
unnels and blowout.10 Three of the tunnels drilled at

110° of knee flexion with the offset aimer partially
compromised the posterior walls of the tunnels. This
suggests that the BullsEye guide might be safer than
the 5-mm standard offset guide used at 110° of knee
flexion. Furthermore, those 3 tunnels were all shorter
than 25 mm, which is less than the minimum recom-
mended tunnel length.9,10,18 In the study performed by
Bedi et al., this was found in an even higher propor-

FIGURE 8. Three-dimensional CT scan image, showing posterior
tunnel wall compromise (arrow). The breach of the femoral tunnel
was produced in this specimen and in 2 other specimens where the
selection of the drilling site was done with the offset aimer at 110°
of knee flexion.
tion. They observed posterior wall compromise in
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823FOOTPRINT GUIDE AND ACL RECONSTRUCTION
75% of the tunnels placed at 120° of knee flexion, all
of which had a mean length of 21.3 mm.

Persistent rotatory instability has been shown to
result in an inferior subjective functional outcome and
earlier articular degeneration.20 Therefore looking for
a technique that could reduce this stability deficit
should be mandatory. Several studies have recently
shown, biomechanically, that placing the femoral tun-
nel through a single-bundle technique at the center of
the anatomic origin of the ACL more closely restores
rotational stability to the knee than does the standard
tunnel reconstruction high and deep in the notch, near
the so-called over-the-top position.21-23 In an attempt
to approach the anatomic femoral insertion of the
ACL, some surgeons have suggested lowering the
femoral offset aimers8-12 from the high- and deep-in-
he-notch position that is commonly used with the
ranstibial technique. This is better accomplished by
rilling the tunnel through the AM portal.3-5 However,
o reach the anatomic center of the ACL femoral
ootprint, not only a lower but also a shallower tunnel
s necessary.2 In this study high-resolution CT with

3D reconstruction and volume-rendering software
were used to evaluate the femoral tunnel placement.
This technique allows for multiplanar visualization of
the acquired image and the removal of tissue as
needed to allow for measurements of the desired struc-
tures and their relations to each other. Purnell et al.13

have recently described the ACL femoral insertion site
using the same technique. They showed that, on the
lateral femoral condyle, the posterior fibers of the
ACL ended 3.5 mm from the proximal articular car-
tilage margin whereas the anteroinferior fibers did so
at 3 mm to the distal cartilage margin. In the study
performed by Basdekis et al.,14 similar results were
observed. The most posterior fibers of the ACL ended
1.6 mm from the articular margin, and the most distal
fibers ended 2.2 mm from the articular margin. They
also showed that for an ACL double-bundle recon-
struction to be considered anatomic, it must show
similar results. In this case the posterior border of the
AM tunnel has to be used for referencing with the
proximal cartilage margin and the anteroinferior bor-
der of the PL tunnel for the distal cartilage margin.
This was also in agreement with the study performed
by Girgis et al.24 in 44 dissected cadaveric knees. In
heir study the mean distance from the posterior
bers of the ACL to the articular surface of the
emoral condyle was 4 mm. In our study the single
unnel placed with the BullsEye guide showed a
omparable position to all the aforementioned stud-

es. They all showed similar distances to the prox- s
mal as well to the distal cartilage margin. Con-
ersely, when the tunnel was placed with the help of
he femoral offset guide, we obtained 1 tunnel that
as deeper than the anatomic footprint center. For-

ythe et al.15 have recently described the position of
he AM and PL bundles on 3D CT reconstruction
mages by adapting the radiographic quadrant
ethod described earlier.16 They have shown that it

has high levels of intraobserver and interobserver
reliability. They observed mean deep/shallow posi-
tions of the AM and PL bundles of 21.7% and
35.1%, respectively, and mean high/low positions
of the AM and PL bundles of 33.2% and 55.3%,
respectively. In our study the single-tunnel place-
ment with the offset aimer was performed at a
median of 19.7% and 30.3% for the deep/shallow
and high/low positions, respectively. This was very
similar to the AM bundle position described in the
work of Forsythe et al. On the other hand, the
single-tunnel placement with the BullsEye guide
was performed at a median of 26.9% and 40.8% for
the deep/shallow and high/low positions, respec-
tively. This corresponded to an intermediate posi-
tion between both the AM and PL bundles. In this
sense, the experimental work performed by Kato et
al.,25 which has shown that placing the femoral
unnel in the middle of the femoral footprint repro-
uces the in situ force of the normal ACL better
han any other single-bundle ACL reconstruction, is
nteresting. For that reason and according to the
pecific placement results observed in our study,
erforming femoral tunnel placement with the
ullsEye guide rather than with offset aimers might
etter restore the normal kinematics of the knee.
There are some limitations to this study. Some of

he non–statistically significant differences observed
ight be because of the small sample size, which is a

ommon limitation in cadaveric studies. We did not
erform an a priori sample analysis. This may be
ecause no differences were observed in tunnel length
hen comparing the 2 techniques evaluated and the 2
ifferent degrees of knee flexion. However, compar-
ng knees from the same cadaver theoretically mini-
izes size differences. Second, only the 8-mm Bulls-
ye guide was compared with 5-mm offset aimers.
igher offset aimers could logically move the drilled

unnel closer to the anatomic site. However, we will
till be using the same fixed distance from the poste-
ior wall instead of looking for the specific anatomic
enter in each knee. Finally, neither interobserver nor
ntraobserver reliability was calculated for the mea-

urements.
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824 P. E. GELBER ET AL.
CONCLUSIONS

Accurate placement at the center of the femoral
footprint of the ACL is better accomplished with the
BullsEye guide rather than with standard 5-mm offset
aimers. Five-millimeter offset aimers might cause
posterior tunnel blowout and present the risk of ob-
taining short tunnels when performing oblique femo-
ral tunnel placement through the AM portal at 110° of
knee flexion.
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