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Lateral Extra-Articular Tenodesis Staple Risks
Penetration of Anterior Cruciate Ligament

Reconstruction Tunnel

Thomas E. Moran, M.D., Ian S. MacLean, M.D., Gregory R. Anderson, M.D.,
Laurel A. Barras, M.D., Ryan M. Graf, M.D., David R. Diduch, M.D., and

Mark D. Miller, M.D.
Purpose: To identify the risk of anterior cruciate ligament (ACL) femoral tunnel penetration with the use of a staple for
lateral extra-articular tenodesis (LET) graft fixation and to determine whether this varied between 2 different techniques
for ACL femoral tunnel drilling. Methods: Twenty paired, fresh-frozen, cadaver knees underwent ACL reconstruction
with a LET. Left and right knees were randomized to ACL reconstruction with femoral tunnel creation by use of either a
rigid guide pin and reamer through the accessory anteromedial portal or by the use of a flexible guide pin and reamer
through the anteromedial portal. Immediately after tunnel creation, the LET was performed and fixated with a small
Richard’s staple. Fluoroscopy was used to obtain a lateral view of the knee to determine staple position, and visualization
of the ACL femoral tunnel was performed with the arthroscope to investigate penetration of the staple into the femoral
tunnel. The Fisher exact test was conducted to determine whether there was any difference in tunnel penetration between
tunnel creation techniques. Results: The staple was noted to penetrate the ACL femoral tunnel in 8 of 20 (40%) ex-
tremities. When stratified by tunnel creation technique, the Richards staple violated 5 of 10 (50%) of the tunnels made via
the rigid reaming technique compared with 3 of 10 (30%) of those created with a flexible guide pin and reamer (P ¼ .65).
Conclusions: A high incidence of femoral tunnel violation is seen with lateral extra-articular tenodesis staple fixation.
Level of Evidence: Level IV, controlled laboratory study. Clinical Relevance: The risk of penetrating the ACL femoral
tunnel with a staple for LET graft fixation is not well understood. Yet, the integrity of the femoral tunnel is important for
the success of ACL reconstruction. Surgeons can use the information in this study to consider adjustments to operative
technique, sequence, or fixation devices used when performing ACL reconstruction with concomitant LET to avoid the
potential for disruption of ACL graft fixation.
he anterior cruciate ligament (ACL) is one of the
Tmost commonly injured ligaments of the knee,
with an estimated 200,000-350,000 ACL tears occur-
ring annually in the United States.1-3 Because of its
prevalence, especially within the athletic community,
considerable effort has been dedicated to optimizing the
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surgical technique and perioperative management,
with the goal of improving outcomes following anterior
cruciate ligament reconstruction (ACL-R).1 Despite an
emphasis on creating an anatomic ACL-R to better
restore native knee kinematics, relatively high rates of
clinical failure and graft rupture in the young, athletic
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population remain.4-6 As residual laxity has been a
frequently cited etiology of graft rupture and inferior
functional outcomes after ACL-R, an increasing clinical
focus has been dedicated to addressing its occurrence in
this cohort of patients.7-10

The modified Lemaire lateral extra-articular tenod-
esis (LET) recently has been advocated as an adjunct to
ACL-R in certain patients at high risk of graft fail-
ure.11-14 Cited indications for its use as an adjunct to
ACL-R include the presence of a high-grade pivot shift,
generalized ligamentous laxity, or in a young patient
returning to pivoting sports.13 Although some biome-
chanical and clinical studies have shown this tech-
nique decreases anterolateral rotational instability and
reduces graft failure rates, others have not shown a
clinically significant difference in outcomes with the
performance of a concomitant LET and report an
increased incidence in lateral compartment osteoar-
thritis at mid-term follow-up.12,13,15-17 One recognized
limitation when performing an LET concomitantly
with ACL-R is the risk of ACL and LET tunnel
convergence.18-22 Multiple clinical and cadaveric
studies have examined the effects of adjusting tech-
nical variables to circumvent this risk, including
changing the knee flexion angle when drilling the ACL
femoral tunnel and adjusting the starting point, di-
rection, and angle of the LET tunnel.18-22 These
modifications, however, are relatively limited by the
isometric footprint for the LET.
Techniques that use a staple for LET fixation attempt

to avoid this risk of tunnel convergence by avoiding the
need to drill an additional tunnel in the femur.23

However, the risk of ACL femoral tunnel violation
with the tine of the staple may still exist with this
technique. The purpose of this study was to identify the
risk of ACL femoral tunnel penetration with the use of
a staple for LET graft fixation and to determine whether
this varied between 2 different techniques for ACL
femoral tunnel drilling. It was hypothesized that
although the risk of ACL femoral tunnel penetration
would occur with the use of a staple for LET graft fix-
ation, the incidence would not significantly differ based
upon the technique used for ACL femoral tunnel
drilling.

Methods
Ten matched pairs of fresh-frozen cadaveric knees

were used (5 male, 5 female; mean age 56.4 years,
range 37-68 years) for a total of 20 specimens. Left
and right knees were randomized in opaque enve-
lopes to undergo ACL-R with femoral tunnel creation
via either an accessory anteromedial portal (AMP)
technique using a rigid guide pin and reamer (RR) or
a standard AMP with a flexible guide pin and reamer
(FR) in the manner described to follow. All tunnels
were drilled by 3 orthopaedic sports medicine fellows
under the direct supervision of a senior sports medi-
cine attending.

Femoral Tunnel Drilling
Standard anterolateral and anteromedial (AM) por-

tals were created, and an adequate debridement of the
native ACL and medial wall of the lateral femoral
condyle (LFC) was performed to identify the location
for femoral tunnel placement at the anatomic ACL
footprint.

AM Portal With Flexible Guide Pin and Reamer
A 7-mm femoral offset guide (Arthrex, Naples, FL)

was placed through the AM portal behind the posterior
wall of the LFC with the knee maintained in 120� of
flexion. Guide placement was confirmed to be in the
center of the ACL femoral footprint under direct
arthroscopic visualization. A 2.4-mm flexible guidewire
was then driven into the LFC and subsequently over-
reamed to 10 mm with a flexible reamer with a tun-
nel length of 25 mm. A 10-mm tunnel diameter was
selected in accordance with the senior author’s stan-
dard practice for ACL-R using a bone-patella tendon-
bone autograft.

Accessory AMP With Rigid Guide Pin and Reamer
A separate, accessory AMP was created under direct

arthroscopic visualization with use of an 18-gauge spi-
nal needle (Becton-Dickinson, Franklin Lakes, NJ) to
confirm appropriate portal placement. In similar
fashion to the FR technique, a 7-mm offset guide
(Arthrex, Naples, FL) was placed through the accessory
AMP and a rigid guide pin placed with the knee at
120�of flexion. Subsequently, a 10-mm tunnel with a
depth of 25 mm was reamed.

Lateral Extra-Articular Tenodesis
After femoral tunnel creation and before passing the

ACL graft, a modified Lemaire LET was performed via
the surgical technique described by Jesani and Get-
good.14 With the knee in 90� of flexion, a skin incision
was made starting 2 cm proximal to Gerdy’s tubercle
and extending 6 cm further proximally. The dissection
was carried down to expose the iliotibial band (ITB) and
its posterior margin. An incision was made 1 cm ante-
rior to the posterior margin, with care taken to leave
the posterior fibers of the ITB undisturbed. An 8-cm �
1-cm central strip of ITB was harvested and released
proximally. Deep attachments were then sharply
dissected away from the graft. After a #1 VICRYL suture
(Ethicon, Somerville, NJ) was secured through the
proximal 2 cm of the graft, the superficial and deep
borders of the lateral collateral ligament (LCL) were
defined. A soft-tissue tunnel was created bluntly, deep
to the LCL, and the graft was passed between this



Fig 1. An image of a 10-mm wide small Richard’s staple
(Smith & Nephew, London, UK) with 25-mm long tines.

Fig 2. An arthroscopic view of the femoral ACL tunnel of a
right knee from the anteromedial portal demonstrating
violation of the ACL femoral tunnel by a tine of the small
Richard’s staple (arrow) when it is being used for LET graft
fixation concomitantly during ACL reconstruction.
(ACL, anterior cruciate ligament.)
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interval, from distally to proximally. The supracondylar
flare of the femur was then exposed to identify the
location for staple fixation just proximal and posterior
to the LCL origin. With the knee in 60 to 70� of flexion
and the tibia in neutral rotation, the graft was held in
slight tension and a 10-mm wide small Richard’s staple
(Smith & Nephew, London, UK) with 25-mm long tines
(Fig 1) was inserted at an approximately 30� angle
anterior and distal relative to the axis of the femur. A
mallet was then used to impact the staple until it was
fully seated. Fluoroscopy was used to obtain a perfect
lateral view of the knee to determine staple position.

Confirmatory Arthroscopy
Following the performance of the LET, the arthro-

scope was reinserted into the knee and used to visualize
the femoral tunnel to confirm or exclude the presence
of the staple tine. Any length of the staple tine within
the tunnel was considered a positive finding (Fig 2).

Statistical Analysis
The overall incidence of tunnel violation was reported

with regard to the use of a FR and RR. A Fischer exact
test was conducted to determine whether there was any
statistically significant difference in tunnel violation
between the 2 techniques for ACL femoral tunnel cre-
ation. Significance was set at P � .05.

Results
The staple was noted to violate the ACL femoral

tunnel in 8 of 20 (40%) of the extremities (Table 1).
When stratified by tunnel creation technique, the
Richard’s staple penetrated 5 of 10 (50%) of the tunnels
created via a RR compared with 3 of 10 (30%) of those
created with a FR (P ¼ .65). The difference in incidence
of tunnel penetration with respect to the technique
used for femoral tunnel creation was not statistically
significantly different. In addition, it was noted that the
position of the small Richard’s staple on lateral fluo-
roscopy was highly variable despite close attention to
the previously mentioned landmarks.
Discussion
The most important finding of this study is that there

is a high incidence of femoral tunnel violation in ACL-R
with concomitant LET using staple fixation. Femoral
tunnel violation was observed with both FR and RR
techniques for femoral tunnel creation, and the inci-
dence of these events did not significantly differ be-
tween the respective technique used. The results of this
study are clinically relevant, as femoral tunnel violation
by the staple yields potential for disruption of ACL graft
fixation and subsequent failure of the reconstruction.
Therefore, surgeons may consider adjustments to
operative technique, sequence, or fixation devices used
when performing ACL-R with concomitant LET to
avoid the potential for disruption of ACL graft fixation.
Several previous studies have documented the high

risk of tunnel convergence that exists between the ACL
femoral tunnel and LET tunnel with the use of inter-
ference screws or suture anchors for LET graft fixa-
tion.18-23 In a study of 30 cadaver knees, Smeets et al.20

reported tunnel convergence occurred in two-thirds of
cases. Jaecker et al.19 also reported a similar incidence,
finding that tunnel convergence occurred in 7 of 10



Table 1. Results of Femoral Tunnel Violation by Specimen,
Laterality, and Reaming Technique

Specimen No. Laterality Technique LET Staple in Tunnel

1 R RR N
L FR Y

2 R FR Y
L RR Y

3 R RR N
L FR Y

4 R FR N
L RR Y

5 R RR N
L FR N

6 R RR N
L FR Y

7 R RR Y
L FR N

8 R FR Y
L RR N

9 R RR N
L FR N

10 R FR N
L RR N

ACL, anterior cruciate ligament; FR, flexible reaming technique; L,
left; N, staple absent in ACL femoral tunnel; R, right; RR, rigid
reaming technique; Y, staple present in ACL femoral tunnel.
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cadaver knees in their series. Perelli et al.22 reported
evidence of tunnel convergence on postoperative
computed tomography scans in 8 of 52 (15.38%) pa-
tients who had undergone combined ACL-R and LET.
Although a purported advantage of Richard’s staple

fixation for the LET includes avoiding tunnel conver-
gence, staple violation of the ACL femoral tunnel may
theoretically carry a similar risk profile to tunnel
convergence.18-23 This study demonstrates that there is
still a high rate of tunnel penetration with a small
Richard’s staple. Several concerns stem from this
observation. Although numerous methods of ACL graft
femoral fixation exist, most commonly this is per-
formed with the use of interference screws or suspen-
sory fixation devices.24,25 The metallic staple
theoretically risks damaging these devices and causing a
disruption to graft fixation. There also exists the po-
tential for damage to be incurred by the ACL graft itself.
Quadriceps tendon grafts are becoming increasingly
popular, and hamstring grafts remain commonly
used.26 The effect on a soft-tissue graft’s strength and
integrity if it is pierced by a staple has not been exam-
ined. While a graft containing a bone block may theo-
retically be less affected, this impact is also unknown.
Given the potential for damage to the ACL graft and

disruption of fixation, adjustments to ACL-R operative
technique, sequence, or fixation devices used may be
considered by surgeons performing concomitant ACL-R
and LET. A complex interplay of variables in ACL-R and
LET techniques determine whether graft fixation
interference will occur when these procedures are
performed concomitantly. With regard to ACL femoral
tunnel creation, different methods may alter tunnel
geometry into a more or less advantageous position for
avoiding interference with LET graft fixation. The use of
the FR for femoral tunnel creation results in a more
anteverted femoral tunnel position compared with the
use of a RR, whereas the intra-articular femoral tunnel
aperture location is not different.27 Although this dif-
ference in resultant tunnel geometry has been
described, there was no significant difference in tunnel
violation seen in this study depending on technique
used. Outside-in ACL femoral tunnel creation also has
been suggested by several authors to potentially allow
more precise femoral tunnel positioning and reduce
convergence with LET graft fixation, but has not pres-
ently been compared with other modern anatomic
techniques.19,20 Degree of knee flexion during ACL
femoral tunnel creation also yields a differing tunnel
orientation within the femur.27,28 Kittl et al.18 found
that ACL femoral tunnel creation in lesser degrees of
knee flexion (110-120� vs 130-140�) reduced the inci-
dence of femoral tunnel conflict in combined ACL-R
using an AMP technique and LET. Our study used
uniform knee flexion during femoral tunnel creation,
and we did not examine this as an independent variable
affecting tunnel violation.
Insertion point, orientation, and depth of LET fixation

devices also impact the occurrence of interference with
the ACL femoral tunnel. Although the isometric foot-
print for the LET procedure limits wide variations in
insertion point for fixation devices, adjustments to
insertion point for LET graft fixation have been re-
ported to lead to differences in convergence. Jaecker
et al. found fewer occurrences of convergence using the
more proximal MacIntosh insertion point versus the
more distal insertion point described by Lemaire.19,29,30

In their study, convergence did not occur with the
MacIntosh insertion point, whereas tunnel conver-
gence occurred in 7 of 10 cases (70%) using the Lem-
aire insertion point.19 In a cadaveric study, Kittl et al.18

also reported that an insertion point 5 mm proximal
and 5 mm anterior to the lateral epicondyle resulted in
a 15% incidence of convergence versus 40% when an
insertion point 8 mm proximal and 4 mm posterior was
used. Therefore, a more anterior tunnel orientation in
the axial plane has been advocated by multiple authors
as being advantageous in avoiding convergence.
Despite the purported advantage to a more anterior
insertion point, this risks a nonisometric graft, as
Jaecker et al.31 described the radiographic landmarks
for isometric femoral attachment of an LET graft being
posterior to the femoral cortical line and proximal to
the posterior femoral condyle.
Orientation of the tunnel may have a significant

effect, as several authors describe a significant
decreased incidence in convergence with the LET



Fig 3. Four different example fluoroscopy images that depict staples that violated the ACL femoral tunnel when used
concomitantly for LET graft fixation. The multiple images show the variability in placement location and angle of these staples
when used for this purpose. (A) A lateral fluoroscopic view of a right knee demonstrating good positioning of the small Richard’s
staple. (B) A lateral fluoroscopic view of a right knee demonstrating excessive anterior angulation of the small Richard’s staple.
(C) A lateral fluoroscopic view of a left knee demonstrating a small Richard’s staple located distal and anterior with excessive
anterior angulation. (D) A lateral fluoroscopic view of a right knee demonstrating posterior placement of the small Richard’s
staple with the posterior tine abutting the posterior cortex of the femur. (ACL, anterior cruciate ligament; LET, lateral extra-
articular tenodesis.)

LET STAPLE AND ACL FEMORAL TUNNEL PENETRATION e197
tunnel directed 30� anteriorly.18,20-22,32 Length of tun-
nel also impacts risk of interference. Zhu et al.32 found
that although tunnel convergence occurred at a mean
LET tunnel depth of 23.6 mm, it may even happen at a
depth of as little as 15 mm.
Notably, these aforementioned studies only examined

the impact of technical modifications to ACL-R and LET
with regard to the use of interference screw fixation of
the LET graft. Similar adjustments to these variables
have not been examined using staple fixation of the
LET graft, although similar principles affecting inter-
ference of ACL and LET graft fixation may apply to a
varying magnitude. The ideal combination of technical
components to avoid interference with graft fixation
remains to be determined, but surgeons performing
combined ACL-R and LET should be aware of the
interplay between variables that may result in this
occurrence. Surgeons also may perform the LET
procedure after femoral tunnel drilling, but before graft
passage, similar to what was done in our study. Any
observation of the staple within the femoral tunnel
would allow for adjustment to the staple position before
ACL graft fixation.
In addition, although not a primary outcome measure

of the current study, fluoroscopy enabled us to
demonstrate a highly variable position of the Richard’s
staple even when using well-documented landmarks
(Figs 3 and 4). In light of this, the use of anatomic
landmarks alone may not be sufficient to ensure
consistent and replicable positioning of the staple.
Therefore, consideration should be given to placing the
staple under fluoroscopy. The senior author uses a
fluoroscopic shot after placing femoral and tibial
guidewires to verify appropriate ACL-R tunnel position
before drilling. Using fluoroscopy for this additional
step would yield a more consistent location for the



Fig 4. Four different example fluoroscopy images that depict staples that did not violate the ACL femoral tunnel when used
concomitantly for LET graft fixation. The multiple images show the variability in placement location and angle of these staples
when used for this purpose. (A) A lateral fluoroscopic view of a left knee demonstrating good positioning of the small Richard’s
staple. (B) A lateral fluoroscopic view of a right knee demonstrating excessive posterior angulation of the small Richard’s staple.
(C) A lateral fluoroscopic view of a right knee demonstrating distal placement of the small Richard’s staple. (D) A lateral
fluoroscopic view of a right knee demonstrating posterior placement of the small Richard’s staple with the posterior tine abutting
the posterior cortex of the femur. (ACL, anterior cruciate ligament; LET, lateral extra-articular tenodesis.)
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staple as well as potentially help avoid the femoral
tunnel.

Limitations
There are several limitations of note. First, although

the sample size was relatively small, the number
included is similar to, or exceeds, other cadaveric
studies in the literature that have assessed risk of tunnel
convergence with combined ACL-R and LET.18-20,22,32

Our study also used the LET surgical technique
described by Jesani and Getgood,14 and therefore the
specific incidences of femoral tunnel violation will
relate to this respective method. The insertion point and
orientation of the staple placed via this technique crit-
ically influence its relationship to the ACL femoral
tunnel. However, there exists a relative lack of speci-
ficity of these variables in this description, as well as
others throughout the literature. It cannot be ruled out
that a differing insertion point and orientation for staple
placement would result in greater or fewer instances of
tunnel violation. Additional research should better
characterize a safe and reproducible position of staples
placed for LET graft fixation. In addition, our study was
not powered to detect a statistically significant differ-
ence in tunnel penetration rates based on reaming
method. However, this was not the primary purpose of
the study.

Conclusions
A high incidence of femoral tunnel violation is seen

with lateral extra-articular tenodesis staple fixation.
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