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Anatomic Single-Bundle Anterior Cruciate Ligament
Reconstruction From the Anteromedial Portal: Evaluation of

Transverse Femoral Fixation in a Cadaveric Model

Pablo Eduardo Gelber, M.D., Ph.D., Francisco Reina, M.D., Ph.D., Raúl Torres, M.D.,
Xavier Pelfort, M.D., Marc Tey, M.D., and Juan Carlos Monllau, M.D., Ph.D.

Purpose: The purpose of this study was to assess the risk of injury to the posterolateral structures of
the knee when performing anterior cruciate ligament reconstruction from the anteromedial portal
while fixing the graft with a femoral cross-pin system. Methods: The anterior cruciate ligament was
reconstructed arthroscopically with hamstring graft in 10 fresh cadaveric knees. Femoral fixation was
performed with a cross-pin system. This was originally developed for a transtibial drilling technique.
A femoral tunnel measuring 30 mm in length was drilled through the anteromedial portal in each
knee. The knee flexion angle was set at 110°. Lateral dissection was then performed to measure the
distances from the cross-pin system to the lateral collateral ligament, the popliteus tendon, the lateral
gastrocnemius tendon, and the peroneal nerve. Results: The lateral collateral ligament was partially
torn by the pin in 1 case. In 8 cases the distance to the lateral collateral ligament was shorter than 3
mm (range, 0 to 2.43 mm). In 7 specimens, the cross-pin system was within 4.5 mm of the popliteus
tendon. The lateral gastrocnemius tendon was pierced by the cross-pin device in 2 cases. The minimal
distance to the peroneal nerve was 23.89 mm. Conclusions: Fixation of a hamstring graft with a
cross-pin system initially developed for an upper femoral tunnel, following the aforementioned
technique, presents the possibility of a high risk of injury to the lateral collateral ligament. The
popliteus tendon and the lateral gastrocnemius tendon may also be injured. Clinical Relevance: The
risk of injury to the lateral stabilizers of the knee suggests discarding the technique used in this study.
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he main function of the anterior cruciate ligament
(ACL) has been accepted as being the principal

estraint against anterior tibial displacement for years.
ore recently, the important role of the ACL in rota-
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ory stability of the knee has been put forth.1-3 It acts
gainst combined rotatory loading of internal tibial
nd valgus torques. Consequently, the way surgeons
econstruct the ACL has changed according to new
ndings. For several years, performing femoral tunnel
lacement in the so-called over-the-top position was
onsidered standard for ACL reconstruction.4,5 Fur-
hermore, anatomic studies6-8 and biomechanical stud-
es2,9,10 have recently suggested that this might be an
mprovement over other femoral tunnel placements.
owering the femoral tunnel from the 11-o’clock po-
ition to the 10-o’clock position has been shown to
rovide better control of the aforementioned rotatory
nstability.2,9,10

There are 2 major techniques for creating the fem-
ral tunnel. One is drilling through the tibial tunnel
transtibial technique [TTT]), and the other is drilling
hrough the anteromedial portal (anteromedial portal

echnique). Attempts to place the graft at the original
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652 P. E. GELBER ET AL.
natomic insertion site with a TTT show that this is
ot easily done.11,12 It requires drilling the tibial tun-
el from a more medial starting point. However, there
s a risk of damage to the medial plateau cartilage
ecause of the obliquity of the tunnel and of partial
njury to the medial collateral ligament if the afore-
entioned approach is taken. The other solution
ould be to drill the femoral tunnel through a low

nteromedial portal.12,13

Hamstring tendons have provided good results as a
raft option for ACL reconstruction.14 They can be
ecured proximally with different fixation techniques.
ne of these, the transverse femoral fixation system,
as originally developed for drilling the femoral tun-
el transtibially.15 The transverse pins are placed per-
utaneously through the lateral femoral condyle, and
his technique has been shown not to damage the
urrounding anatomic structures16 when femoral tun-
el placement is performed in the high over-the-top
osition. Nevertheless, lowering the femoral tunnel
ould involve a risk of iatrogenic lesions to the pos-
erolateral structures of the knee when drilling through
he transverse guide. Pujol et al.17 compared place-
ent of the femoral tunnel transtibially with place-
ent through the anteromedial portal at different flex-

on angles. They concluded that the anteromedial
ortal technique presents no risk when the knee is
exed at least 130°. However, they did not specify the
xact position of the starting femoral point. Further-
ore, they used the same femoral starting drilling

oint for both the TTT and the anteromedial portal
echnique. Therefore it can be hypothesized that the
emoral tunnel was not placed in the anatomic position
ith either technique.
The aim of this study was to evaluate the risk of

atrogenic lesions when performing strict low femoral
unnel positioning from the anteromedial portal. The
ypothesis is that when using the recommendations
or tunnel length of the Cross-Pin technique (Stryker,
alamazoo, MI), which was described for the TTT,

he posterolateral structures could be put at risk.

METHODS

We studied 11 whole lower-extremity fresh-tissue
nees (6 left and 5 right) from adult human volunteer
onors. Seven were from male donors and four from
emale donors. None of the knees showed macro-
copic signs of previous surgery. One knee that
howed a remarkable narrowing of the intercondylar
otch during arthroscopic examination was excluded

rom the study. The remaining 10 specimens ranged in c
ge from 68 to 96 years (mean, 83.5 years). They were
ounted on a knee holder (Extremity Holder; Saw-

ones, Malmö, Sweden).
By use of a long metal ruler, the longitudinal axis of

he thigh, defined as the line passing through the
reater trochanter and the lateral epicondyle, was
arked with a skin pen. The longitudinal axis of the

eg passing through the center of the fibular head and
he lateral malleolus was also marked. A manual go-
iometer was used to measure the angle between the 2
ines so that the femorotibial flexion could be calcu-
ated.

The gracilis and semitendinosus tendons were har-
ested through a 30-mm longitudinal approach medial
o the tibial tuberosity. A whipstitch suture was per-
ormed on each end of the tendons. A 0.8-mm copper
ire was also included so that the sutures would be
ore easily recognized on later radiographic imaging.
he diameter of the double-loop hamstring graft struc-

ure was then measured.
The experimental protocol was as follows: first, the
CL reconstruction was performed, and the trans-
erse fixation was implanted. Second, a radiographic
valuation of the femoral tunnel position was done.
inally, dissection of the lateral aspect of the knee was
erformed, and the relation of the Cross-Pin device to
he surrounding structures was evaluated.

rthroscopic Procedure

All arthroscopic procedures were performed by the
ame author. The knees hung freely at 90° of flexion
xcept when the femoral tunnels were being drilled. A
tandard anterolateral portal was established as the
iewing portal. A low anteromedial portal was then
stablished as the working portal. The landmarks used
o establish this portal were the inferior pole of the
atella and a point 1 cm medial to the patellar tendon.
After complete excision of the ACL, the lateral wall

f the intercondylar notch was cleared by use of a
haver. The tibial tunnel position was marked at the
enter of the ACL stump. Depending on the diameter
f the hamstring graft, a 7- to 10-mm hole was made
ith a conventional step drill guide (ACL System;
tryker).
The starting point was always located 2 cm medial

o the tibial tuberosity. The inclination angle on the
agittal plane was set at 55°. The deviation from the
xis perpendicular to the tibial plateau in the frontal
lane was 20°. Subsequently, the femoral tunnel was
laced with a measured knee flexion of 110°. The

orresponding offset femoral tunnel guide was se-
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653CROSS-PIN AND ANTEROMEDIAL PORTAL TECHNIQUE
ected to leave 2 mm of posterior wall to approach the
ppropriate anatomic deep/shallow position18 and to
void blowout. The clock-face position was carefully
stablished at the 10-o’clock position (right knee) or
-o’clock position (left knee) with reference to the
nside of the notch (Fig 1). This is known to be the
ntermediate point between the anteromedial and pos-
erolateral bundles at the high/low position.19 Follow-
ng the recommendation for the Cross-Pin technique
Stryker), the femoral tunnel was drilled over the guide
in to a depth of 30 mm whenever possible. The trans-
erse drill guide was then introduced into the femoral
ocket, and a pin was drilled percutaneously into the
ateral aspect of the knee, 20° upward with reference
o the horizontal plane. The hamstring graft was then
ntroduced and fixed on the femoral side with either a

� 40– or 6 � 50–mm Biosteon (hydroxyapatite/
oly-L-lactic acid) Cross-Pin (bCP) (Stryker). Tibial
xation was performed with a 7 � 25–mm or 10 �
5–mm standard metal screw.

adiographic Evaluation

A tunnel-view radiograph was obtained for each
pecimen at 30° of knee flexion. In accordance with a
ecently described method, the femoral tunnel orien-
ation with reference to a line tangent to the distal
spect of the femoral condyles was measured.20 A
omputer software–generated clock face was then su-
erimposed such that 12 o’clock was the highest point

IGURE 1. Anterior view of right knee. The femoral tunnel was
rilled at the anatomic insertion point of the ACL. Inset, arthros-
opic picture of same knee showing that only 1 to 2 mm of
osterior wall was left behind the tunnel. (FT, femoral tunnel; PCL,
osterior cruciate ligament.)
f the notch. The entry point of the pins was expressed
r
t

n hours and in quarter-hour intervals and normalized
or each knee.

issection and Evaluation of Posterolateral
tructures

Dissection was performed through a 20 � 15–cm
void-shaped skin incision centered on the lateral
emoral condyle. The skin and subcutaneous tissue
ere excised. Identification of the fascia lata was then
one. To easily assess the lateral aspect of the femur,
he posterior half of the fascia lata was removed.
ocalization of the Cross-Pin device and careful dis-
ection of the lateral aspect of the knee were per-
ormed to identify the following structures: lateral
ollateral ligament (LCL), lateral epicondyle, popli-
eus tendon (PT), lateral gastrocnemius tendon (LGT),
nd peroneal nerve (PN). After complete excision of
he lateral attachments of the knee, distances from the
in to the anterior, posterior, and distal surfaces of the
emur were also evaluated.

The shortest distance from the pin to the corre-
ponding structures was then calculated twice by 2 of
he authors and then averaged. All measurements were
etermined by use of an electronic digital caliper
ProMax; Fred V. Fowler, Newton, MA) (range, 0 to
50 mm; resolution, 0.02 mm). Finally, anterior dis-
ection of the knee joint was performed to certify
roper placement of the graft (Fig 2).

IGURE 2. Lateral view of right knee, showing Cross-Pin (arrow)
nserted into lateral condyle. The hamstring graft (HG) is seen

unning obliquely from the tibial tunnel, placed in the ACL stump,
o the lateral condyle.
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654 P. E. GELBER ET AL.
RESULTS

In 2 of 10 specimens, the gracilis tendon was dis-
arded because the poor quality of the tissue did not
llow for its further manipulation. In 8 cases a 30-mm
unnel depth could be established. In the remaining 2
pecimens, only 25- and 23-mm tunnel lengths could
e established because of small lateral condyles. In the
forementioned cases, the posterolateral cortex of the
emur was perforated. In the latter of the two (case 8),
oderate narrowing of the intercondylar notch was

bserved. Notchplasty was not performed because of
ur impression that this moderate degree of narrowing
ould not influence the tunnel placement.

adiographic Evaluation

The mean angle of the femoral tunnel orientation
ith reference to the bicondylar line was 52.1° (range,
0° to 60°) (Fig 3). The average clock position was 10
’clock (range, 9:15 to 10:30).

CL and Lateral Epicondyle

The position of the bCP with respect to the LCL
aried from one specimen to another. In 8 cases the
ross-Pin was placed posterior to the LCL (range, 0 to
.96 mm; mean, 2.38 mm) (Fig 4). In 1 knee the LCL
as partially torn by the bCP (case 9) (Fig 5). Nev-

rtheless, this partial lesion did not produce varus
nstability under manual testing. In the remaining
pecimen, the pin was introduced into the femur just
nterior to the LCL (case 8). In this specimen the
emoral tunnel length was only 23 mm. This anterior

IGURE 3. Notch-view radiograph of right knee (case 3). The
emoral tunnel orientation (solid line) with reference to a line
angent to the distal aspect of the femoral condyles (dashed line)

easured 47°. The center of the femoral tunnel, with respect to the

lock-face position, was calculated to be at the 9:45 position.
t
r

eviation might partially be explained by its narrowed
ntercondylar notch, which could have altered the
emoral tunnel guide positioning. In 8 cases the dis-
ance to the LCL was shorter than 3 mm (range, 0 to
.43 mm). The distance from the pin to the lateral
picondyle averaged 13.86 mm (range, 6.41 to 19.04
m).

IGURE 4. Lateral view of right knee, showing Cross-Pin inserted
n lateral condyle. In this case it was placed right in the middle of
he LCL and the PT. (LE, lateral epicondyle; FH, fibular head.)

IGURE 5. Torn LCL on lateral view of right knee (case 9). Both

he anterior and posterior borders of the pierced ligament are
etracted to show the pin placement.



P

m
4

L

(
a

P

2

F

f
f
4
p
p
1
t
a
9
9

o
k

f
s
g
d
f
3
u
t
i
u
s
t
a
h
c

F
k

o

655CROSS-PIN AND ANTEROMEDIAL PORTAL TECHNIQUE
opliteus Tendon

Similarly, the bCP was separated from the PT by as
uch as 1.47 mm in 3 specimens. The pin was at least

.5 mm away in only 3 cases.

ateral Gastrocnemius Tendon

In 2 specimens the LGT was pierced by the bCP
Fig 6). The pin was placed just in contact with the
nterior border of the tendon in another 4 cases.

eroneal Nerve

The minimal distance from the bCP to the PN was
3.89 mm (mean, 38.48 mm).

IGURE 6. Torn LGT due to pin placement on lateral view in left
nee (case 7).

TABLE 1. Distances from Cro

Case No.
TL

(mm)
LCL
(mm)

LE
(mm)

PT
(mm)

LG
(mm

1 30 8 18.9 7 0
2 30 2.4 12.9 12.6 0
3 25 0.9 10.9 4.5 5.
4 30 2 15 4.4 4.
5 30 0 13.6 3.9 0
6 30 0 12.4 3.3 0
7 30 5.7 19 9.5 0
8 23 0.4 17.2 0 11.
9 30 0 6.4 0 3

10 30 0 12.3 1.5 0
Abbreviations: TL, tunnel length; LE, lateral epicondyle; AC, anter
rientation with reference to line tangent to distal aspect of femoral cond
emoral Cortices

The mean distance to the anterior surface of the
emur was 27.2 mm (range, 17.45 to 35.4 mm). The
emur ended distally at a mean of 8.17 mm (range,
.08 to 15.8 mm). In 1 case the bCP went right into the
osterior cortex, with its posterior half facing the
opliteal fossa. In 7 cases the Cross-Pin was within
.52 mm of this posterior surface (mean, 1.35 mm). In
he 2 remaining cases, where the pin was placed
nteriorly (case 8) or in the middle of the LCL (case
), the distance to the posterior cortex was 14.06 and
.5 mm, respectively.
Under direct evaluation of the femoral tunnel, 2 mm

f posterior wall was confirmed to be present in every
nee. All frequencies are summarized in Table 1.

DISCUSSION

The main finding of this study was that performing
emoral tunnel placement at the anatomic insertion
ite from the anteromedial portal could cause iatro-
enic lesions. The LCL is the main structure jeopar-
ized. This is in contrast to the previous work per-
ormed by Hantes et al.21 In their report of more than
0 ACL reconstructions from the anteromedial portal
sing the Bio-TransFix femoral fixation device (Ar-
hrex, Naples, FL), they concluded that the technique
s safe and effective. Nevertheless, they did not eval-
ate where the cross-pin device was placed with re-
pect to the posterolateral structures. Furthermore,
hey did not specify the degree of knee flexion or the
ngulation of the transverse drill with respect to the
orizontal plane. Our findings did not match the con-
lusion of the study by Pujol et al.17 either. They

to Corresponding Structures

PN
(mm)

AC
(mm)

PC
(mm)

DC
(mm)

TO
(mm) CFP

32.9 31.5 1.8 4.1 50 10
32.3 27.1 0.7 6.3 56 10:15
51.9 33.7 0.9 9.2 47 9:45
30.6 35.4 1.3 6.6 60 10:30
37.5 24.5 1.8 8.9 53 10
39.1 24.8 1.5 15.8 50 10
46.4 30 0 7.2 57 10:15
39.5 21.5 14.1 6.4 44 9:15
50.8 17.4 9.5 9.1 55 10
23.9 26 1.5 8.3 49 10
ss-Pin

T
)

2
3

9

ior cortex; PC, posterior cortex; DC, distal cortex; TO, tunnel
yles; CFP, clock-face reference position.
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656 P. E. GELBER ET AL.
oncluded that there is no risk with the anteromedial
ortal technique when the knee is flexed at least 130°.
owever, they did not specify the exact position of the

tarting femoral point. Furthermore, they used the
ame femoral starting drilling point in the transtibial
nd the anteromedial portal techniques as shown in
heir illustrations. Drilling the femoral tunnel at the
natomic position is not safely accomplished with the
TT.11,12 Placement of a low femoral tunnel, which
ould not have been reached with a TTT, was rigor-
usly performed in all the specimens in our study.
herefore it can be speculated that what Pujol et al.
laced was a high femoral tunnel near the high-noon
oint rather than performing an anatomic reconstruc-
ion.

In this study the evaluation of the notch-view ra-
iographs and, most importantly, the direct evaluation
f the intercondylar notch during the final dissection
onfirmed that the grafts were properly oriented
round the anatomic insertional site at the 10-o’clock
osition and with 2 mm of posterior back wall, cur-
ently known as the high/low position and deep/shal-
ow position, respectively. This is very similar to
revious anatomic descriptions of the ACL femoral
ootprint.18 It was also observed that the femoral tun-
el angulations with reference to a line tangent to the
istal aspect of the femoral condyles coincided with
he results described in a previous study.20 The clock-
ace reference method used for the femoral tunnel
osition has recently been criticized as a simple but
naccurate method of tunnel referencing.22 It has been
aid that it only considers the high/low position but
isses the shallow/deep reference. This may be cor-

ect when a double-bundle ACL reconstruction is be-
ng performed. In the case of single-bundle recon-
truction, because the step femoral guide is always
ying below the posterior wall at the very same degree
f flexion, we believe that the cephalad/caudad orien-
ation is the important factor in helping to perform
unnel placement in the clinical setting. In this sense
he clock-face reference might still be valid.

The degree of knee flexion during drilling of the
emoral tunnel is controversial. In this study the flex-
on angle for performing the femoral tunnel was set at
10°. Basdekis et al.20 have recently shown that with
30° flexion or greater, the acuity of the tunnel with
egard to the notch increases, leading to the graft
ncreasing pressure on the anterior tunnel wall. There-
ore they recommended 110° of knee flexion. This
as also supported by recent work performed by

ishimoto et al.23 r
Basdekis et al.20 have also recommended a mini-
um length of 25 mm for the femoral tunnel. In our

tudy only 1 specimen showed a slightly shorter tun-
el length. This could be partially explained by the
act that the moderate narrowing of the intercondylar
otch forces excessive anterior placement of the fem-
ral tunnel guide when it is used through the antero-
edial portal, and consequently, the fixation device is

lso too anteriorly placed.
It has been shown that reconstructing the femoral

unnel at the center of the anatomic origin of the native
CL more closely restores rotational stability to the
nee than does the standard tunnel reconstruction at
he 11-o’clock position.2,9,10

There are some limitations to this study. Besides
he aforementioned fact that we only performed the
echnique at a 110° knee flexion angle and the small
ample size, radiographic lateral projections were
ot obtained. Thus the anterior-posterior situation
f the femoral tunnel could not be evaluated radio-
raphically. Nevertheless, the presence of a 2-mm
osterior wall was confirmed under direct evalua-
ion in the specimens. In addition, how varying the
rill angles for the Cross-Pin insertion could affect
he results was not studied. Finally, neither interob-
erver nor intraobserver reliability was calculated
or the measurements.

Fixation of the graft on the femoral side with the
ross-Pin device, which was initially developed for an
pper femoral tunnel, may lead to iatrogenic lesions
hen the femoral tunnel is lowered. In this study we

ollowed the same tunnel length recommendations as
n the original placement of the graft (11 o’clock). A
0-mm femoral tunnel showed a high risk of injury to
he LCL as well as to the PT. In 2 of the 10 specimens
tudied, the Cross-Pin directly pierced the LGT. Nev-
rtheless, these injuries may have no clinical rele-
ance. On the other hand, this technique proved to be
afe with respect to the PN, leaving a minimum dis-
ance of 24 mm. We do not recommend the technique
sed in this study because of this risk of injury to the
mportant lateral stabilizers of the knee. One of the
lternatives is to change to a femoral fixation method
hat was previously shown to be safe.24 Another pos-
ibility might be to adapt the technique of the Cross-
in system to a more lateralized fixation. This might
ypothetically be accomplished with a longer femoral
unnel or with further knee flexion. Nevertheless, fur-
her basic research should be done before a broad

ecommendation can be made.
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657CROSS-PIN AND ANTEROMEDIAL PORTAL TECHNIQUE
CONCLUSIONS

Fixation of hamstring graft with the Cross-Pin sys-
em, originally designed for transtibial drilling when
erforming femoral tunnel placement from the antero-
edial portal at 110° of knee flexion and with a tunnel

ength of 30 mm, shows a high risk of injury to the
CL. The PT and the LGT may also be injured.
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