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Abstract The purposes of this study were to establish the
technique to arthroscopically identify the resident’s ridge
without bony notchplasty even in patients with chronic
ACL insufficiency and to elucidate if the ridge could be
used as a landmark for anatomical femoral tunnel for ACL
graft. There were 50 consecutive patients undergoing
arthroscopic ACL reconstruction. With the thigh kept
horizontal using a leg holder, a meticulous effort was made
to find out a linear ridge running proximo-distal in a pos-
terior one-third of the lateral notch wall, after removal of
superficial soft tissue with radiofrequency energy. If the
ridge was found, a socket with a rectangular aperture of
5 x 10 mm was created just behind the ridge. At 3-4-
weeks post surgery, three-dimensional computed tomog-
raphy (3-D CT) was performed to geographically identify
the location of the ridge using the socket as a reference.
Arthroscopically, a linear ridge running from superior-
anterior to inferior-posterior on the lateral notch wall was
consistently observed 7-10 mm anterior to the posterior
articular cartilage margin of the lateral femoral condyle in
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all of the patients. The 3-D CT pictures proved the
arthroscopically identified ridge to be the resident’s ridge.
The resident’s ridge is arthroscopically identifiable after
non-mechanical removal of the soft tissues without bony
notchplasty. The ridge is a useful landmark for anatomical
femoral tunnel drilling in arthroscopic ACL reconstruction.

Keywords Arthroscopic ACL reconstruction -
Anatomical femoral tunnel - Resident’s ridge -
Notchplasty - Radiofrequency energy -
Three-dimensional computed tomography

Introduction

The anterior cruciate ligament (ACL) attaches to the pos-
terior-superior border of the lateral wall of the interc-
ondylar notch of the femur, forming a crescent shape area
adjacent to the posterior cartilage margin of the lateral
femoral condyle [1-3, 6]. Mae et al. [9] described that the
center of the posterolateral bundle footprint was located
5 mm anterior to the posterior margin at 9 or 3 o’clock of
the notch and that of the anteromedial bundle footprint was
situated 5 mm anterior to the posterior margin at 10 or 2
o’clock. A more recent cadaveric study by Siebold et al.
[15] reported the center of the anteromedial bundle of ACL
was located 3-4 mm “lower” to the over-the-top position
or at 1-o’clock position in their clock expression. Steckel
et al. [16] radiographically demonstrated the exact location
of the femoral insertions of the anteromedial and postero-
lateral bundles of ACL in their cadaveric study. Thus, the
technique to arthroscopically delineate the ACL femoral
attachment area or identify the anterior border of ACL
femoral attachment area in patients with chronic ACL-
deficiency has not been established. Therefore, it has
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generally been advocated to place the femoral tunnel as
deeply as possible after reducing the lateral wall of the
notch with a burr to confirm the true over-the-top position
[8]. Although such notchplasty has frequently been com-
bined with arthroscopic ACL reconstruction, its adverse
biomechanical effects on ACL grafts have been reported
[7, 10].

The resident’s ridge is a nearly longitudinal ridge, three
quarters of the way back on the roof to lateral border of the
notch. The idea to use this ridge as a landmark for femoral
bone tunnel placement is not a new idea but was already
described by Clancy and coworkers some years ago.
Hutchinson and Ash [8] reported that the ridge was present
in 90% of the cadaveric knees they dissected, that it was
located just anterior to the ACL attachment, and that the
cortical bone of the attachment area behind the ridge was
thicker. Ferretti et al. [5] found this ridge not only in adults
but in fetuses, and renamed it the lateral intercondylar
ridge. Shino et al. [14] suggested that the ridge could be
estimated on three-dimensional computed tomography (3-
D CT) images. A more recent study using high-resolution
volume-rendering computed tomography by Purnell et al.
[11] demonstrated that the anterior fibers of the ACL
inserted immediately posterior to the most prominent edge
of this ridge. Thus, the resident’s ridge could be a potential
landmark as the anterior border of the ACL femoral
attachment to delineate the attachment area behind it.

It would be beneficial if the anatomical femoral tunnel
could be created inside the attachment area upon the base
of thicker cortical bone without notchplasty at the time of
arthroscopic ACL reconstruction. Our hypotheses were that
the resident’s ridge could be visualized without notchplasty
and that the ridge was a useful reference landmark for
anatomical femoral tunnel in patients with chronic ACL
insufficiency as well as those with acute ACL tears. The
purposes of this study were, therefore, to establish the
technique to arthroscopically identify the resident’s ridge
without bony notchplasty and to elucidate if the ridge could
be used as a landmark for anatomical femoral tunnel dril-
ling in ACL reconstruction.

Materials and methods

Fifty consecutive patients undergoing primary ACL
reconstruction with the autogenous bone—patellar tendon—
bone graft of 10 mm in width because of chronic instability
or acute/subacute ACL tear were involved. They consisted
of 46 males and 4 females with a mean age of 21 years
ranging from 14 to 32 years. All of them consented to
prospectively undergo CT evaluation to critically evaluate
the bone plug-socket integration at 3—4 weeks postopera-
tively. The average time interval between the injury and the

surgery was 117 days with a range from 7 to 620 days. The
senior author (K.S.) performed all the surgeries. Those who
had undergone a previous surgery to the index knee, those
who showed radiographically moderate to severe osteoar-
thritic changes, or those who combined injury to the pos-
terior cruciate ligament were excluded.

At the time of arthroscopic ACL reconstruction, it was
our routine to put the thigh into horizontal position with a
leg holder to obtain a consistent view of the intercondylar
notch including the ACL femoral attachment area,
regardless of knee flexion angle. The following three por-
tals were utilized: the anterolateral portal, the anteromedial
portal, and the far anteromedial portal: an accessory portal
2-2.5 cm posterior to the anteromedial portal [12]. The
former two portals were mainly for viewing, and the last
one is for instruments to get more perpendicular access to
the lateral notch wall. First, soft tissues in the notch were
roughly excised with mechanical instruments including a
powered shaver. Then, the remaining fibrous tissues on
posterior-superior half of the lateral notch wall were deli-
cately removed using a radiofrequency device (Bevel 30
A2630-01, ArthroCare Co., Sunnyvale, CA, USA) through
the far anteromedial portal with the controller set at 6,
while viewing via the anteromedial portal through a 45°
oblique 4-mm arthroscope. Care was taken to adjust the
obliquity of the scope along the axis of the ACL femoral
attachment and to completely preserve undulation of the
bony surface around the attachment area. Clearage was
finalized with gentle use of a small curette, if required.
Thus, the anterior half of the notch was always left intact
(Figs. 1a, b, 2a, b). After this maneuver, a meticulous effort
was made to find out a linear ridge in a posterior one-third
of the lateral notch wall. If the ridge was found, then a
socket with a rectangular aperture of 5 x 10 mm was
created just behind it in inside-out fashion through the far
anteromedial portal with the knee flexed beyond 135°.
Attention was paid to make the long axis of the aperture
parallel to the ridge (Figs. lc, 2c).

At 3-4 weeks postoperatively, two-dimensional (2-D)
CT was obtained using the Asteion 4 Multislice CT System
(Toshiba Medical Systems, Tochigi, Japan) under 120 kVp
and 150 mA. Scan parameters were as follows: matrices of
512 x 512, gantry tilt of 0-degree, slice thickness of 1.00-
mm, and beam pitch of 0.75-s gantry rotation. Then, the 2-D
images were reconstructed for a 160-mm field of view with
1.00-mm retrospective slice thickness to obtain 90-120
slices. The three-dimensional (3-D) shaded volume-ren-
dering (SVR) images were reconstituted using Alatoview
workstation (Toshiba Corporation, Tokyo, Japan) in which
the program stated an accuracy of +0.1 mm or 0.1 degree.
Using an image processing software, the distal femur was
longitudinally cut to remove the medial condyle, and the
lateral aspect of the intercondylar notch wall was observed.
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Fig. 1 a Arthroscopic view
around the ACL femoral
attachment area in the left knee
of a 22-year-old male patient
who sustained the injury

91 days previously through the
anteromedial portal. b The same
view after clearage. Black
arrows show the nearly
longitudinal resident’s ridge

8 mm anterior to the posterior
articular cartilage margin of the
lateral femoral condyle.

¢ Arthroscopic view of the
rectangular aperture of the
femoral socket shown by a
white arrow behind the ridge
(black arrows). d 3-D CT
picture showing the socket
(white arrow) behind the ridge
(black arrows)

Fig. 2 a Arthroscopic view of
the ACL femoral stump in the
left knee of an 18-year-old male
patient who sustained the injury
16 days previously through the
anteromedial portal. b The same
view after clearage. Black
arrows show the resident’s ridge
9 mm anterior to the posterior
articular cartilage margin of the
lateral femoral condyle.

¢ Arthroscopic view of the
rectangular aperture of the
femoral socket shown by a
white arrow behind the ridge
(black arrows). d 3-D CT
picture showing the socket
(white arrow) behind the ridge
(black arrows)

Results

Arthroscopically, a ridge running in line from superior-
anterior to inferior-posterior on the lateral notch wall was
consistently identified at 7-10 mm anterior to the posterior
articular cartilage margin of the lateral femoral condyle in
all of the 38 patients with chronic ACL insufficiency
(Fig. 1b). In the remaining 12 patients with ACL acute/
subacute tears, the similar ridge was found in the same
position as the anterior border of the residual femoral
stump (Fig. 2b). The ridge was more prominent in its
superior portion. Its midpoint was located 7-10 mm ante-
rior to the posterior articular cartilage margin of the lateral
femoral condyle.

@ Springer

On the 3-D CT images, a nearly longitudinal linear
ridge just anterior-inferior to the rectangular aperture of
the socket was consistently observed in all of the 50
patients. The aperture of the socket was located between
the ridge and the posterior articular cartilage margin of
the lateral femoral condyle, and its long axis was parallel
to the ridge (Figs. 1d, 2d). The mean distance from the
peak of the ridge to the anterior-inferior borders of the
sockets was 1.9 £ 0.7 mm with a range from 0.8 to
3.3 mm.

As the positional relationship between the created socket
and the ridge projected on the 3-D CT images coincided
with that at the time of arthroscopy, the ridge was geo-
graphically proved to be the resident’s ridge.
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Fig. 3 3-D CT pictures showing the lateral aspect of the intercondy-
lar notch wall after the ACL reconstruction. a Lateral view. I length of
the resident’s ridge; d maximum distance from the ridge to the

The mean length of the ridge was 18.8 &+ 1.4 mm with a
range from 16.1 to 21.6 mm. The average maximum dis-
tance from the ridge to the posterior margin of the lateral
notch wall was 9.3 + 0.8 mm with a range from 7.7 to
10.8 mm. The ridge and the distal femoral axis formed a
mean angle of 31.1 £ 2.0° with a range from 26° to 36°
(Fig. 3).

Discussion

The most important finding in this study was that we have
established the technique to arthroscopically delineate
ACL femoral attachment area using the resident’s ridge as
a landmark without bony notchplasty even in patients with
chronic ACL-deficiency. While Hutchinson and Ash mac-
roscopically found the resident’s ridge was present in 90%
of the cadaveric knees they dissected, a combination of
arthroscopy-magnified visualization through the antero-
medial portal and the current soft tissue-removing tech-
nology using radiofrequency energy to preserve bony
surface have made it possible to identify the ridge in 100%
of the patients [8]. Thus, the arthroscopic technique shown
in the current study is useful to consistently create ana-
tomical femoral tunnel in ACL reconstruction without
notchplasty.

While the cortical bone in the femoral attachment area
behind the resident’s ridge is thicker as shown by Hutch-
inson and Ash, many surgeons have been using a burr to
take down or flatten resident’s ridge to assure clear visu-
alization and access to the over-the-top position during
preparation of the intercondylar notch or notchplasty [8].
However, its use may not be recommended because of
the following reasons: (1) loss of thicker cortical bone of
the ACL attachment area might result in weakening of the
tunnel aperture, and lead to potential widening of the
femoral tunnel; (2) more bleeding might be brought from
the exposed cancellous bone; and (3) ACL graft forces
during passive flexion—extension movement increase

posterior margin of the lateral wall of the notch. @ angle between the
resident’s ridge (R) and the distal femoral axis (A). b 30° posterior-
oblique view more clearly showing the resident’s ridge (black arrows)

markedly after notchplasty of only 2 mm [7, 10]. Thus, the
technique shown in this study to visualize the resident’s
ridge without bony notchplasty is more preferable to pre-
serve the normal notch anatomy (Fig. 1b, 2b).

Some may be concerned with the adverse effect of
radiofrequency energy used for superficial soft tissue cle-
arage on the graft healing or remodeling. As it usually
takes just a few minutes to clean up the soft tissues, only
superficial soft tissues or cells around the attachment area
might have been damaged. Actually, we have neither
observed significant burn on the bony surface after soft
tissue clearage (Figs. 1, 2) nor a patient suffering from
poor graft healing. If the prolonged use of radiofrequency
energy is avoided, cells from the bone marrow and from
the surrounding area could be assumed to remain viable to
contribute to graft healing.

Researchers have shown that the bony surface of the
ACL attachment area as a direct type insertion onto
the femur shows a concavity on bare bone surface [18]. The
area is crescent in shape and located just posterior to the
resident’s ridge/the lateral intercondylar ridge, and poste-
riorly extends to the posterior cartilage margin of the lat-
eral femoral condyle [1-3, 6]. Ferretti et al. [5] showed the
ridge on a 3-D laser picture of the lateral femoral condyle.
Steckel et al. [16] clarified radiographical locations of the
femoral insertions of the anteromedial and posterolateral
bundles of ACL. Purnell et al. [11] demonstrated the res-
ident’s ridge as the anterior border of ACL using high-
resolution volume-rendering computed tomography. The
location and shape of the attachment area depicted on the
3-D CT pictures in this study are in agreement with those
former studies. This suggests that computed tomography is
one of the feasible ways to visualize the attachment area in
humans.

The 3-D CT evaluation in the current study showed that
the maximum distance from the ridge to the posterior
margin of the lateral notch wall or the width of the cres-
cent-shaped area behind the ridge was less than 10 mm in
most patients. This suggests that a single rectangular socket
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of 5 x 10 mm or two smaller round tunnels is more
desirable than a single round tunnel of 10 mm or greater [9,
13, 16]. It is our belief that creating the tunnels inside the
attachment areas is essential to avoid graft impingement to
PCL or to the notch without notchplasty.

There are still controversies on surgical approaches to
create anatomical femoral tunnel. Takahashi et al. [17] has
introduced laser beam to aim at femoral tunnel through a
tibial guide to facilitate the transtibial tunnel approach.
However, the relatively narrow attachment area located far
back in the lateral notch wall may not allow us to consis-
tently drill robust anatomical femoral tunnel without cor-
tical blowout through the central tibial tunnel [2, 4, 9, 13,
14]. Therefore, the trans-portal approach rather than the
transtibial tunnel one may be recommended.

Currently, computer-assisted navigation ACL surgery is
one of the topics in this field. As this resident’s ridge could
be clearly visualized on the 3-D CT images, correct reg-
istration of the ridge as a reference landmark would be
helpful to accurately create an anatomical femoral tunnel in
CT-based computer-navigation ACL reconstruction.

Conclusions

The resident’s ridge is a useful landmark for the ACL
femoral attachment area. The ridge is arthroscopically
identifiable on the lateral intercondylar notch wall by
non-mechanical removal of the soft tissues using radio-
frequency energy without bony notchplasty. Thus, the
resident’s ridge could be used as a reference landmark for
anatomical femoral tunnel drilling in arthroscopic ACL
reconstruction.
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