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Background: Advocates of medial portal drilling claim that the transtibial technique results in a more vertical positioning of the
graft, which could lead to subsequent failure and/or a residual pivot shift on postoperative examination. However, advocates of
transtibial drilling state that with appropriate placement and adequate notchplasty, their technique places the graft in a more
anatomically correct position on the wall, negating the resultant potential for pivot shift and early postoperative failure.

Hypothesis: Transtibial femoral drilling can adequately reproduce the femoral origin of the anterior cruciate ligament (ACL) and
place the graft in an anatomical position equivalent to medial portal drilling.
Study Design: Controlled laboratory study.

Methods: Ten matched-pair cadaveric knees (N = 20) were scanned using computed tomography (CT), and 3-dimensional images
of the native ACL origin were reconstructed. The matched pairs were then randomized into transtibial and medial portal groups.
The femoral tunnel was drilled in each knee according to group. A bamboo skewer was placed in the femoral tunnel, and the knees
underwent a second CT scan. Arthroscopic notchplasty was performed, and the femoral tunnels were redrilled. Radiographs con-
firmed placement, and the post-notchplasty tunnel was reamed with a 4-mm reamer. The knees underwent a third CT scan. CT
scans compared femoral tunnel placement with the native ACL footprint before and after notchplasty.

Results: The post-notchplasty transtibial group revealed an average of 68.3% coverage of the native ACL femoral origin. The me-
dial portal group revealed an average of 60.8% coverage, with 1 instance of perforation of the posterior cortex. There were no
instances of perforation in the transtibial group.

Conclusion: Both drilling techniques place the graft in an anatomically correct position.
Clinical Relevance: Transtibial drilling of the femur can adequately place the entry tunnel at the origin of the ACL’s native footprint.
Keywords: anterior cruciate ligament; femoral tunnel; medial portal; transtibial

Currently, there are 2 primary techniques, or philosophies,
behind femoral tunnel placement during single-bundle
anterior cruciate ligament (ACL) reconstruction:
arthroscopic-assisted transtibial ACL reconstruction and
arthroscopic-assisted ACL reconstruction using the medial
portal for femoral tunnel placement. The transtibial
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technique is currently the most commonly utilized.!"*¢9:16
Proponents for the medial portal technique argue that the
femoral tunnel cannot be placed independently inside the
intercondylar notch because the tibial tunnel constrains
the surgeon’s ability to drill the femoral tunnel low on the
wall of the notch at the anatomic origin. In addition, it has
been shown that the angle and position of the tibial tunnel
determines the angle and position of the femoral tunnel,
which correlates to ultimate stability because femoral tunnel
placement has a significant effect on the tensile behavior of
the graft.®®

Review of the literature has shown that ACL reconstruc-
tion alone leads to poor long-term outcomes in 11% to 30%
of cases examined, and more important, the reconstruction
can cause a persistent pivot shift in more than 15% of cases.
The most common cause of failure and residual pivot shift is
improper tunnel placement. '3
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Biomechanical data have shown that a more horizontal
position on the clock face of the femoral tunnel (ie, 10 o’clock
for a right knee) better controls anterior tibial translation
and internal tibial rotation.>'! In addition, this coronal
graft positioning has been shown to decrease tension across
the graft, increase motion, and decrease impingement on
the posterior cruciate ligament (PCL).!° However, chang-
ing the coronal angle to a lower position on the lateral wall
results in a shorter tunnel length.'”'® Golish et al® showed
that when femoral tunnels get more lateral than 10 o’clock,
the tunnel length may be less than 20 mm. This can lead to
perforation, or “blow out,” of the posterior femoral cortex
and problems with fixation in a short tunnel.

Over the past several years, there has been a trend toward
more femoral tunnel drilling via the medial portal. Presen-
ters and authors of these studies have reported improved
positioning of their femoral tunnels with this technique,
while discouraging transtibial drilling. At our institution,
we have performed single-bundle ACL reconstruction using
primarily transtibial drilling. It has been our “perception”
that our technique has led to successful results clinically
over a long period of time in a wide array of active patients.
To date, we have not published these results, which are
based on anecdotal evidence; however, having seen the
recent interest in medial portal drilling, we set out to deter-
mine if we were, in fact, drilling our tunnels in an anatomic
location via the transtibial technique and what, if any, differ-
ences were inherent to our technique versus others that
have been reported. We began this process by asking several
of our fellows if they felt that our technique differed substan-
tially from what they had been exposed to in their residency.
The most common answer they gave was that we typically
performed a more generous notchplasty than they were
accustomed to seeing. This led us to the current study, which
assesses the influence of notchplasty on femoral tunnel posi-
tion. In reviewing the existing literature, there do not appear
to be any studies that address this issue as it pertains to the
2 drilling techniques.

The origin and insertion of the ACL have been recently
described via high-resolution volume-rendering computed
tomography (CT).'*'6 The authors of the aforementioned
studies determined that the origin of the ACL is bounded
anteriorly by Resident’s Ridge. They also mapped out the
dimensions of the ACL in length, width, and distance from
the articular cartilage.'® Proponents for medial portal drill-
ing feel that it is not possible to place the ACL in its anatomic
location on the lateral femoral condyle via the transtibial
technique. The purpose of this study was to evaluate both
medial portal and transtibial femoral tunnel techniques
(with and without notchplasty) with respect to ACL graft
positioning. Our hypothesis is that, with appropriate tech-
nique and adequate notchplasty, the anatomic origin of the
ACL can be reapproximated via transtibial drilling.

MATERIALS AND METHODS

Ten matched-pair cadaveric knee specimens, midfemur to
midtibia/fibula, were obtained and thawed to room tem-
perature. The specimens were cemented in customized
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wooden pots that allowed the knee to be maintained in a
90° flexed position with the patella anterior in the anatomi-
cal position during CT scanning. Potting the knees in this
fashion helped standardize knee position for imaging pur-
poses. Next, a superolateral intra-articular injection of
30 mL of air was performed using an 18-gauge needle to
increase soft tissue resolution of the origin and insertion
of the native ACL during CT scanning.'® Each knee
was scanned on a GE LightSpeed VCT 64-slice computed
tomography scanner (Fairfield, Connecticut, USA) at
0.625-mm slice thickness and 0 pitch. Images of the native
ACL were reconstructed on an independent workstation
using Vitrea 2 volume-rendering software (Vital Images,
Inc, Minnetonka, Minnesota, USA).

The matched pairs of knees were randomized: 10 knees
were placed in the transtibial group and 10 knees were
placed in the medial portal group, with 1 knee from each
matched pair in each group. Each knee was removed from
its respective pot and mounted individually on an appara-
tus using a C-clamp with the knee in the “mounted” posi-
tion: flexion to 90°, neutral varus/valgus, and neutral
internal/external rotation. Although the knee was initially
mounted at 90°, this apparatus allowed for a full range of
knee flexion and extension. Prior to beginning arthroscopic
evaluation, the skin was removed from the anterior aspect
of the knee, and the surface anatomy was marked using a
surgical marker (patella, tibial tubercle, patellar tendon,
joint line) (Figure 1). The surgical procedures were per-
formed by 2 fellowship-trained sports medicine subspeci-
alty certified orthopaedic surgeons with assistance by a
current orthopaedic sports medicine fellow.

For the transtibial group, a vertical portal lateral to the
patellar tendon at the inferior pole of the patella was made
with a No. 11 blade while the knee was in the mounted posi-
tion. The arthroscope was inserted in the anterolateral por-
tal, and the anteromedial portal was made under direct
visualization with a No. 11 blade. An arthroscopic shaver
placed through the medial portal was used to debride the
native ACL from its tibial and femoral attachments without
removing any bone from the notch. The Acufex Director tip
aiming ACL guide (Acufex; Smith & Nephew, Andover, Mas-
sachusetts, USA) was set to 45° and placed in the center of
the remaining tibial stump of the native ACL via the medial
portal. The guide was adjusted in the coronal plane using a
protractor and compass to place the bullet 30° off the central
axis of the knee, level with the anterior crest of the tibial
tubercle and just anterior to the anterior fibers of the super-
ficial medial collateral ligament (MCL).2 A 3/32-mm guide
wire was then drilled through the guide under direct visua-
lization, and the appropriate position was confirmed
arthroscopically. The tibial guide was removed, and a 10-
mm Acufex acorn reamer was used to ream the tibial tunnel
over the guide pin. The coronal angle of the tibial tunnel was
measured and confirmed to be 30°.>6 An arthroscopic shaver
was placed into the tibial tunnel to further debride the ACL
insertion on the tibia. The arthroscopic Acufex 7-mm trans-
tibial over-the-top guide was placed into the knee through
the tibial tunnel, and the 3/32-mm guide wire was drilled
into the femur through the guide, with the guide set to the
most horizontal position possible. The over-the-top guide
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Figure 1. Anterior surface anatomy of mounted knees at 90°
of flexion, neutral varus/valgus, and neutral internal/external
rotation.

was removed. Anteroposterior (AP) and lateral radiographs
(Integris V4000; Philips Medical Services, Andover, Massa-
chusetts, USA) were performed to confirm correct guide wire
positioning and to show it was contained within bone and
had not penetrated the posterior cortex. Using a cannulated
4-mm EndoButton reamer (Smith & Nephew), a 4-mm tun-
nel was made over the 3/32-mm guide wire to a depth of 30
mm. The guide wire was removed, and a 3.5-mm bamboo
skewer was placed in the reamed tunnel. Bamboo was used
because it is radiolucent and would allow one to see the pla-
cement of the tunnel on CT without metal artifact. CT scans
were performed in the potted position.

Following CT scanning, the bamboo skewer was removed,
and a notchplasty was performed with an arthroscopic sha-
ver and burr through the medial portal to remove “Resi-
dent’s Ridge” (Figure 2), changing the configuration of the
posterior notch to resemble a smooth, inverted “U” rather
than an A-notch, which allows one to visualize the
back wall and properly position the over-the-top guide. An
arthroscopic shaver was used to “score” the bone at the start-
ing point via the medial portal. A size 7-mm Acufex over-the-
top guide was again placed through the tibial tunnel, and the
3/32-mm guide wire was again drilled into the femur
through the guide. A second AP and lateral radiograph were
performed after notchplasty to confirm correct positioning. A
cannulated 4-mm reamer was placed over the guide wire and
advanced to a depth of 30 mm. The guide wire was removed
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Figure 2. Arthroscopy of the intercondylar notch of a right
knee both (A) before and (B) after notchplasty.

and replaced by a 3.5-mm bamboo skewer. The knee was
repotted, and a third CT scan was performed.

For the medial portal group, a No. 11 blade was used to
make a vertical anterolateral viewing portal placed adjacent
to the inferolateral border of the patella above the joint line.
The arthroscope was inserted. The anteromedial portal was
placed 1 cm medial to the medial border of the patellar tendon
under direct visualization, with the portal placed at the upper
surface of the meniscus to create the lowest possible entry
point. An arthroscopic shaver placed through the medial por-
tal was used to debride the native ACL from its tibial
and femoral attachments without removing bone from the
notch. Using a DePuy Mitek 7.5-mm anteromedial femoral
aiming over-the-top guide (Raynham, Massachusetts, USA),
a 3/32-mm guide wire was drilled into the femur from the
medial portal with the knee hyperflexed. AP and lateral
radiographs were taken to confirm appropriate positioning
of the guide wire. A cannulated 4-mm reamer was placed
over the guide wire, and the femoral tunnel was reamed
from the medial portal. The guide wire was removed,
replaced with a bamboo skewer, repotted, and a CT scan
performed. A notchplasty was performed with a shaver and
burr through the medial portal in the same manner as was
done in the transtibial group. Next, a small, curved curette
was used to remove the posterior capsular tissue from the
back wall to confirm the over-the-top position. Using the ante-
romedial portal over-the-top guide, a 3/32-mm guide wire was
drilled into the femur from the medial portal with the knee
hyperflexed. A cannulated 4-mm reamer was placed over the
guide wire, and a second femoral tunnel was reamed from the
medial portal. The reamer and guide pin were removed, and
the guide pin was replaced by a 3.5-mm bamboo skewer. The
knee was then repotted, and a third CT scan was performed.

Once 3-dimensional reconstructions were created, these
images were evaluated to determine the anatomic
location of the ACL origin. The values were mapped out
(Figure 3A) according to prior values stated in the litera-
ture.'® Using a mathematic ratio, the size of the tunnel
after reaming (4.5 mm) was extrapolated to resemble the
oval, which would be produced by a 10-mm reamer used
intraoperatively. The percentage contact of the entrance
oval along the native ACL was determined before and after
notchplasty. Also, the tunnel length for each specimen was
calculated (Figure 3, B and C). Paired ¢ tests with an alpha
level of .05 were used to determine if there were any statis-
tical differences between the 2 techniques.
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Figure 3. (A) Sagittal 3-dimensional computed tomography (CT) reconstruction of a right femur along its long axis. Looking at the
medial aspect of the lateral femoral condyle, the native anterior cruciate ligament (ACL) origin is depicted in green. The red oval
shows the entrance tunnel a 10-mm reamer would make via the transtibial technique before notchplasty. The blue oval corre-
sponds to the entrance tunnel post-notchplasty using a 10-mm reamer. (B) Coronal 2-dimensional CT through the notch showing
length of tunnel (purple), which may have led to posterior cortical compromise. (C) Three-dimensional CT reconstruction of the con-
tralateral knee shown in (A). Because of the short tunnel length, the posterior cortex was compromised and the tunnels were not
placed in the anatomic position of the origin of the ACL (green).

TABLE 1
Summary of Data®

Medial Portal,

Transtibial Medial Portal (n = 10) Specimens 5¢ and 6¢ Removed (n = 9)
% Area covered pre-NP 0.2+0.6 29.5+0.4
% Area covered post-NP 68.3+0.2 60.8 + 0.3 67.6+0.3
P value (paired ¢ test: pre- vs post-NP) .000° .008°
P value (paired ¢ test: TT vs MP post-NP) 3 5
Tunnel length, mm 26.1+5.6 245+54 24.8+5.6
P value (paired ¢ test) 4 .6

“Values are expressed as mean * standard deviation. MP, medial portal; NP, notchplasty; TT, transtibial.

bStatistically significant difference (P < .05).

RESULTS

Descriptive statistics and paired ¢ tests results are presented
in Table 1. During this study, there was 1 case of perforation,
or “blow out” (Figure 3C), in the posterior cortex of the femur
in the medial portal group (sample 6). Therefore, statistics
are also presented for a subset of the population, which
excluded that matched pair (numbers 5 and 6). For the
pre-notchplasty measurements of percent area covered,
there were 2 samples (11 and 17) that had a pre/post overlap,
meaning that the ovals covered the native ACL origin before
notchplasty. These were the only 2 specimens in which this
was the case out of the 20 specimens in the study.

In each of the transtibial specimens, the addition of a
notchplasty in the transtibial group allowed one to get to
a more posterior and inferior position on the medial surface
of the lateral femoral condyle. The individual images of 2
sample-matched pairs are shown in Figure 4.

The percentage area of coverage the extrapolated
10-mm entrance oval placed on the origin of ACL on the
femur averaged 68.3% + 0.23% in the transtibial group and
60.8% £ 0.25% in the medial portal group (P = .34). Indi-
vidual calculations of the area of coverage are listed in
Table 2. Deflation of the percentage covered by the medial

portal group was drastically affected by the 6¢ specimen
(seen in Figure 3C) that “blew out” the posterior cortex
of the femur. If specimens 5¢ and 6c are discounted, leav-
ing 9 pairs of specimens in the group, the average percent
coverage in the medial portal group was 67.6%. With spe-
cimens 5¢ and 6¢ removed, there was no statistical differ-
ence between the 2 groups (P = .49) for area of the native
ACL covered after notchplasty.

Calculation of the length of the femoral tunnel was per-
formed by measuring the tunnel on the coronal view of the
CT scan, which showed the notch in its entirety. The lengths
of the tunnels are listed in Table 3. In the medial portal
group, the mean tunnel length (not including specimen 6c¢)
was 24.5 + 5.4 mm (range, 16.3-33.8 mm), whereas the mean
tunnel length in the transtibial group was 26.1 + 5.6 mm
(range, 18.4-35.9 mm). There were no statistically signifi-
cant differences between the values (P = .57) (Table 1).

DISCUSSION

Our results showed that the post-notchplasty transtibial
group and medial portal group revealed comparable cover-
age of the native ACL femoral origin, indicating that both
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Area = 0.90 cm®
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Figure 4. Insertion of anterior cruciate ligament (ACL) and femoral tunnels: (A) right knee transtibial, (B) left knee medial portal. The
green trapezoid represents the area of insertion of the native ACL in each specimen. The red oval represents the oval entrance to a
tunnel created with a 10-mm reamer before a notchplasty was performed. The blue oval represents the oval entrance to a tunnel
created with a 10-mm reamer after a notchplasty was performed. Note that in each matched pair (both transtibial and medial portal
specimens), the blue oval more completely covers the native ACL origin than does the red oval.

drilling techniques can reproducibly place the graft in an
anatomically correct position, and further that transtibial
drilling of the femur can adequately place the entry tunnel
at the origin of the ACL’s native footprint. Recent work by
others has shown similar femoral tunnel aperture areas
between accessory medial portal and transtibial drilling,
although medial portal drilling was shown to create a tun-
nel that was more anterior and horizontal than the transti-
bial tunnels.’® A cadaveric study has revealed that it is
possible to create anatomical femoral tunnels using transti-
bial drilling with notchplasty as long as care is taken when
choosing the proximal tibial starting location.'® Biomecha-
nical research in a large animal model has shown that
notchplasty had a detrimental effect on knee biomechanics
under anterior tibial translational loading; however, this
study did not address the effect of notchplasty on different
tunnel placements.!> No human studies are currently
available that specifically investigate the biomechanical
effect of notchplasty on femoral tunnel placement.

In our study, the age and concurrent diagnoses present in
the cadaveric knees were not known. Ideally, young knees

without meniscal pathology, arthritic changes, or instability
would be used in this study. However, limitations inherent
in procuring and obtaining matched-pair cadaveric knees
prevented us from having control over the age, sex, or med-
ical conditions of the donors. We had no instances of any
insertional pathology of the native ACL or bony morphology
that would alter the results of the study.

One shortcoming to our study was that the amount of
notchplasty was not quantified. This is an issue that is
logistically being worked on at the moment, and because
of the fact that it is a complex curved surface, we are unable
to quantify that particular value at present. However, the
purpose of this study was not to quantify the notchplasty
but rather to demonstrate that notchplasty materially
affects the position of the femoral tunnel and to quantify
the amount of the native origin of the ACL covered by the
tunnels created with the various techniques with and with-
out notchplasty.

Another issue was the extrapolation of the entrance oval
from a 4.5-mm reamer to a 10-mm reamer. Mathematically,
this was a solid calculation and was carefully transcribed
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TABLE 2
Percentage Area Covered by the Entrance Tunnel
on the ACL Origin®
Area Covered, %
Specimen® Side Technique Pre-NP Post-NP
5¢ Right Transtibial 0 40
6¢c Left Medial portal 0 0 (out)
Tc Right Medial portal 85 100
8c Left Transtibial 2 83
9c Right Medial portal 0 23
10c Left Transtibial 0 42
11c Left Medial portal 100 (pre/post overlap) 100
12¢ Right Transtibial 0 100
13c Right Transtibial 0 93
14c Left Medial portal 13 78
15¢ Right Medial portal 0 69
16¢c Left Transtibial 0 60
17c Right Medial portal 70 (pre/post overlap) 70
18c Left Transtibial 0 88
19¢ Right Transtibial 0 82
20c Left Medial portal 0 67
21c Right Medial portal 18 39
22¢ Left Transtibial 0 54
23c Right Transtibial 0 41
24c Left Medial portal 9 62

“ACL, anterior cruciate ligament; NP, notchplasty.
b¢ = after notchplasty.

TABLE 3
Length of Femoral Tunnel After Notchplasty

Specimen” Side Technique Length of Tunnel, mm
5¢ Right Transtibial 27.0
6¢ Left Medial portal 21.9
Tc Right Medial portal 29.8
8c Left Transtibial 35.9
9c Right Medial portal 25.7
10c Left Transtibial 23.8
11c Left Medial portal 30.0
12¢ Right Transtibial 20.4
13c Right Transtibial 27.1
l4c Left Medial portal 19.1
15¢ Right Medial portal 22.7
16¢c Left Transtibial 30.9
17c Right Medial portal 33.8
18c Left Transtibial 30.6
19c Right Transtibial 27.3
20c Left Medial portal 21.8
21c Right Medial portal 16.3
22¢ Left Transtibial 184
23c Right Transtibial 20.0
24c Left Medial portal 24.1

“c = after notchplasty.

into the volume-rendering software. Unfortunately, there
was no other way to get around using a 4.5-mm reamer
because if a larger reamer had been used, the 2 entrance
ovals prior to notchplasty would “cave in” after notchplasty.
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Therefore, we chose to design this study in such a manner
and felt confident in the calculation.

This study helps suggest that transtibial drilling can
place the femoral tunnel in an equivalent anatomical posi-
tion to medial portal drilling. Another reported issue with
medial portal drilling is short tunnel length, which can
compromise graft fixation with posterior cortical compro-
mise. In our study, tunnel length was not significantly dif-
ferent between the 2 technique groups.

In summary, notchplasty materially affects the position
of the femoral tunnel on the medial wall of the lateral
femoral condyle at the time of ACL reconstruction. In doing
so, it also materially affects the coverage of the native ACL
origin with the drilled tunnel, and subsequently, the graft
material. This study also demonstrates that transtibial
drilling of the femoral tunnel can consistently place the
entrance oval in the anatomic proximity of the ACL origin
on the femur, similar to medial portal drilling. Thus, we
provide evidence that transtibial drilling with an adequate
notchplasty is an effective, consistent, and anatomically
sound way to reconstruct the ACL. Existing and future lit-
erature on this topic should take into account the effect of
notchplasty on tunnel placement.

ACKNOWLEDGMENT

The authors would like to acknowledge and thank Dr Ray-
mond N. Dugas, PhD, for creating the custom wooden pots
used during this study as well as Dr Glenn S. Fleisig, PhD,
for assistance with article preparation.

REFERENCES

1. Bach BR Jr, Tradonsky S, Bojchuk J, Levy ME, Bush-Joseph CA,
Khan NH. Arthroscopically assisted anterior cruciate ligament recon-
struction using patellar tendon autograft. Five- to nine-year follow-up
evaluation. Am J Sports Med. 1998;26:20-29.

2. Cha PS, Chhabra A, Harner CD. Single-bundle anterior cruciate liga-
ment reconstruction using the medial portal technique. Oper Tech
Orthop. 2005;15:89-95.

3. Chhabra A, Diduch DR, Blessey PB, Miller MD. Recreating an accep-
table angle of the tibial tunnel in the coronal plane in anterior cruciate
ligament reconstruction using external landmarks. Arthroscopy. 2004;
20:328-330.

4. Delay BS, Smolinski RJ, Wind WM, Bowman DS. Current practices
and opinions in ACL reconstruction and rehabilitation: results of a sur-
vey of the American Orthopaedic Society for Sports Medicine. Am J
Knee Surg. 2001;14:85-91.

5. Driscoll MD, Isabell GP Jr, Conditt MA, et al. Comparison of 2 femoral
tunnel locations in anatomic single-bundle anterior cruciate ligament
reconstruction: a biomechanical study. Arthroscopy. 2012;28:1481-
1489.

6. Golish SR, Baumfeld JA, Shoderbek RJ, Miller MD. The effect of
femoral tunnel starting position on tunnel length in anterior cruciate
ligament reconstruction: a cadaveric study. Arthroscopy. 2007;23:
1187-1192.

7. Howell SM, Hull ML. Aggressive rehabilitation using hamstring ten-
dons: graft construct, tibial tunnel placement, fixation properties, and
clinical outcome. Am J Knee Surg. 1998;11:120-127.

8. Howell SM, Wallace MP, Hull ML, Deutsch ML. Evaluation of the
single-incision arthroscopic technique for anterior cruciate ligament
replacement. A study of tibial tunnel placement, intraoperative graft
tension, and stability. Am J Sports Med. 1999;27:284-293.



The Orthopaedic Journal of Sports Medicine

9.

10.

11.

12.

13.

14.

Howell SM, Gittins ME, Gottlieb JE, et al. The relationship between the
angle of the tibial tunnel in the coronal plane and loss of flexion and
anterior laxity after anterior cruciate ligament reconstruction. Am J
Sports Med. 2001;29:567-574.

Jagodzinski M, Foerstemann T, Mall G, Krettek C, Bosch U, Paessler
HH. Analysis of forces of ACL reconstructions at the tunnel entrance:
is tunnel enlargement a biomechanical problem? J Biomech. 2005;38:
23-31.

Kato Y, Maeyama A, Lertwanich P, et al. Biomechanical comparison
of different graft positions for single-bundle anterior cruciate liga-
ment reconstruction. Knee Surg Sports Traumatol Arthrosc. 2013;
21:816-823.

Keklikci K, Yapici C, Kim D, Linde-Rosen M, Smolinski P, Fu FH. The
effect of notchplasty in anterior cruciate ligament reconstruction: a
biomechanical study in the porcine knee. Knee Surg Sports Traumatol
Arthrosc. 2013;21:1915-1921.

Kocher MS, Steadman JR, Briggs K, Zurakowski D, Sterett WI, Haw-
kins RJ. Determinants of patient satisfaction with outcome after ante-
rior cruciate ligament reconstruction. J Bone Joint Surg Am. 2002;84:
1560-1572.

Miller MD, Gerdeman AC, Miller CD, et al. The effects of extra-
articular starting point and transtibial femoral drilling on the intra-

15.

16.

17.

18.

19.

Effect of Notchplasty on Transtibial / Medial Portal Drilling 7

articular aperture of the tibial tunnel in ACL reconstruction. Am J
Sports Med. 2010;38:707-712.

Piasecki DP, Bach BR Jr, Espinoza Orias AA, Verma NN. Anterior
cruciate ligament reconstruction: can anatomic femoral placement
be achieved with transtibial technique? Am J Sports Med. 2011;39:
1306-1315.

Purnell ML, Larson Al, Clancy WG Jr. Anterior cruciate ligament inser-
tions on the tibia and femur and their relationships to critical
bony landmarks using high-resolution volume-rendering computed
tomography. Am J Sports Med. 2008;10:1-8.

Romano VM, Graf BK, Keene JS, et al. Anterior cruciate ligament
reconstruction: the effect of tibial tunnel placement on range of
motion. Am J Sports Med. 1993;21:415-418.

Simmons R, Howell SM, Hull ML. Effect of the angle of the femoral
and tibial tunnels in the coronal plane and incremental excision of
the posterior cruciate ligament on tension of an anterior cruciate
ligament graft: an in vitro study. J Bone Joint Surg Am. 2003;85:
1018-1029.

Tompkins M, Cosgrove CT, Milewski MD, Brockmeier SF, Hart JM,
Miller MD. Anterior cruciate ligament reconstruction femoral tunnel
characteristics using an accessory medial portal versus traditional
transtibial drilling. Arthroscopy. 2013;29:550-555.

This open-access article is published and distributed under the Creative Commons Attribution - NonCommercial - No Derivatives License (http:/
creativecommons.org/licenses/by-nc-nd/3.0/), which permits the noncommercial use, distribution, and reproduction of the article in any medium,
provided the original author and source are credited. You may not alter, transform, or build upon this article without the permission of the Author(s).
For reprints and permission queries, please visit SAGE’s Web site at http://www.sagepub.com/journalsPermissions.nav.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


