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Combined Anterior Cruciate Ligament Repair and
Anterolateral Ligament Reconstruction With a

Single-Strand Gracilis Graft

Jean-Marie Fayard, M.D., Alexandre Penet, M.D., Paul-Henri Bauwens, M.D., and

Mathieu Thaunat, M.D.
Abstract: There has been renewed interest in anterior cruciate ligament (ACL) repair procedures in the past decade. Even
though ACL reconstruction is still considered the gold standard, ACL repair is an alternative in selected patients. However,
the risk of failure owing to isolated ACL repair remains a concern. Intra-articular augmentation has been proposed to
protect the repair during the healing period. In the same way, the protective effect of anterolateral ligament reconstruction
on the ACL graft is increasingly recognized. We describe a combined ACL repair and anterolateral ligament reconstruction
technique with a single-strand gracilis for the intra-articular portion and as an anterolateral graft to protect the ACL repair
during the healing phase.
pen primary repair of anterior cruciate ligament
O(ACL) ruptures was developed in the 1970s and
was considered the main surgical option until the
1980s. Then, these ACL repair procedures were grad-
ually abandoned because of reports of poor functional
results and high failure rates in comparison to the
emerging ACL reconstruction surgical procedure using
an autograft as a substitute for the torn ACL. Feagin and
Curl1 reported a 53% rupture rate 5 years after ACL
repair. However, other authors reported a lower failure
rate in a specific group of ACL repair patients when an
intra- or extra-articular anterolateral augmentation was
used to protect the ACL repair.2 In addition, Sherman
et al.3 suggested that the location of the tears could
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explain these unpredictable results, with better results
after open primary repair of proximal tears. Clinical
outcomes could be further improved by using 2
emerging concepts: (1) the addition of a collagen-based
scaffold in the notch to improve the ACL’s healing
potential4 and (2) the positioning of an internal splint to
protect the ligament biomechanically during the heal-
ing phase.5,6 In this Technical Note, following these
principles, we describe an arthroscopic technique for
primary ACL suture repair using single-strand gracilis
graft for combined intra-ligament and extra-articular
anterolateral tenodesis augmentation (Video 1).
Proper patient selection is crucial for the success of this
technique. Surgical indications and contraindications
are presented in Table 1.

Surgical Technique

Step 1: Patient Positioning
The patient is placed supine on the operating table. A

lateral post is positioned high on the thigh at the level of
the tourniquet to prevent the hip from externally
rotating; a foot roll is placed distally to maintain the
knee in 90� of flexion when required (Fig 1).

Step 2: Arthroscopic Exploration
Standard anteromedial and anterolateral arthroscopic

portals are created. A meticulous arthroscopic explo-
ration is performed. Associated meniscal and/or chon-
dral lesions are assessed and treated if required. The
ACL tear is then explored and evaluated. The ACL
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Table 1. Indications and Contraindications for Combined ACL Repair and ALL Reconstruction With Single-Strand Gracilis Graft

Indications Contraindications

Proximal (femoral) avulsion tear (Sherman type I or II) Midsubstance and intra-ligament ACL tear (Sherman type III or IV)
Partial ACL tear Complete and retracted proximal tear
Proximal avulsion tear of ACL reattached to PCL Impossible to reapproximate remnant onto femoral ACL insertion area7

Good tissue quality Poor tissue quality
Isolated ACL tear ACL revision surgery
Patients who participate in low- to mid-level sports High-demand patients (intense pivoting sports)

ACL, anterior cruciate ligament; ALL, anterolateral ligament; PCL, posterior cruciate ligament.
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remnant is probed to assess the tissue quality required
for effective fixation of the remaining ligament on the
femoral wall (Fig 2). The length and reducibility of the
remnant are tested with the knee in 90� of flexion and
with the knee in the figure-of-4 position using the 4
CROSS test (Figure-of-4 Cruciate Remnant Objective
Assessment).7 Patients with a reducible remnant and
good tissue quality are eligible for ACL repair and
anterolateral ligament (ALL) reconstruction with a
single-strand gracilis graft.

Step 3: Graft Harvesting and Preparation
A vertical incision is made medial to the anterior tibial

tuberosity. The gracilis is located and individualized
from the semitendinosus tendon at its tibial insertion
using a right-angled clamp. A second right-angled
clamp is used to hook the accessory band of the graci-
lis, which is then transected to avoid premature trun-
cation of the tendon during the stripping process. The
tendon is harvested using an open tendon stripper to
preserve its tibial insertion. The length of the harvested
tendon is checked; the length is sufficient when the
harvested tendon hangs down the tibia to the level of
the medial malleolus (Fig 3). The tendon extremity is
Fig 1. Patient positioning for treatment of left knee. (A) A latera
(pound sign) is secured distally on the table to maintain the knee i
draping.
then whipstitched over a length of 3 to 4 cm with a
nonabsorbable braided No. 0 suture, which will serve as
a traction suture for graft passage. If the length is not
sufficient, the surgeon has 2 options: detach the tendon
from its tibial insertion or perform a 1-strand ALL
reconstruction technique.

Step 4: ALL Tibial Tunnel Drilling and Femoral Skin
Incision
Three bony landmarks are palpated and marked: the

fibular head and Gerdy tubercle on the tibia and the
lateral epicondyle on the femur. On the tibia, 2 vertical
skin incisions separated by 23 mm are made. These
incisions are located 1 cm below the joint line, between
the Gerdy tubercle and the fibular head. Two tunnels
with 23 mm between them are drilled through the tibial
incision with a 5-mm drill and then connected with a
right-angled clamp. By use of a No. 2 braided suture
with a large needle and a curved suture passer
(Arthrex, Naples, FL), a suture loop is created by pass-
ing the suture in a retrograde manner from the anterior
opening of the tunnel to its posterior opening (Fig 4).
On the femur, a small horizontal skin incision

(<10 mm) is made just proximal and posterior to
l post (ampersand) is placed high on the thigh, and a foot roll
n 90� of flexion when required. (B) Patient setup after surgical



Fig 2. Arthroscopic view of
proximal tear of anterior cruciate
ligament (ACL) in right knee. The
ACL has been detached from its
femoral insertion; some healed
residual fibers (arrows) at the
femoral insertion are easily
detachable with the probe. (PCL,
posterior cruciate ligament.)
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the lateral epicondyle. In some cases, when palpa-
tion of the lateral epicondyle is challenging, this
incision can be enlarged and the iliotibial band (ITB)
can be opened to confirm the lateral epicondyle’s
position.

Step 5: ACL Tunnels and Suture of ACL Remnant
Debridement of the notch wall is performed carefully

with a 4.2-mm shaver. Microperforations of the
femoral ACL insertion area are made with an awl
(ChondroPick; Arthrex) to improve healing of the
repaired ligament.

ACL Tibial Tunnel
On the tibial side, because the anterior ACL fibers

have a curvilinear path, a slightly posterior placement
of the guidewire relative to the ACL tibial stump is
recommended. A 5-mm tibial tunnel is drilled over the
guide pin. A 4.5-mm shaver is passed through the tibial
tunnel and through the remnant to emerge at the
proximal end of the ACL remnant. Placing the knee
close to extension during this step will help to place the
ACL remnant in line with the shaver to hollow out the
entire length of the remnant (Fig 5).

ACL Femoral Tunnel
The outside-in femoral guide is introduced through

the anteromedial portal, and the target of the guide is
centered on the anteromedial part of the ACL femoral
footprint. The guide sleeve is then gently pushed into
the femoral incision, posterior and proximal to the
lateral epicondyle. The guide’s angle can be adjusted as
needed to place the sleeve in line with the femoral
incision (Fig 6).
The guidewire is introduced, and its intra-articular

placement is checked. A 5-mm femoral tunnel is dril-
led over the guidewire. To facilitate suture relay
placement in the femoral tunnel, the 5-mm cannulated
drill is left inside the joint with its tip just flush to the
intra-articular femoral tunnel outlet. A FiberStick
(Arthrex) loaded with 2 different braided sutures is
introduced into the cannula of the 5-mm femoral drill.
These 2 suture relays are then captured with
arthroscopic forceps and externalized through the



Fig 3. Gracilis tendon harvesting in left knee. (A) The gracilis is individualized with a right-angled clamp. (B) A second right-
angled clamp is used to hook the accessory band of the gracilis tendon. (C) The accessory band is pulled out of the incision
and cut with a Mayo scissor. (D) The length of the harvested tendon is checked; the length is sufficient when the extremity of the
harvested gracilis hangs down the tibia to the medial malleolus.
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anteromedial portals. An arthroscopic suture retriever
is introduced through the tibial tunnel and the ACL
remnant to capture 1 of the 2 suture relays and to
externalize it through the tibial tunnel (Fig 7).

Suture Placement in ACL Remnant
A No. 0 FiberLink (Arthrex) is loaded in a Knee Scor-

pion suture passer (Arthrex). The suture passer is intro-
duced through theanteromedial portal, and thefirst stitch
is placed proximally in the ACL in a lasso-loop configu-
ration. A second stitch is placed distal to the first one with
a No. 0 TigerLink suture (Arthrex). To avoid any tissue
interposition during graft and suture link passage, the
suture relay and the suture link (FiberLink and TigerLink)
are both captured together by a suture retriever and
externalized through the anteromedial portal. The man-
agement of the different sutures to pass the gracilis into
the joint and to pull the ACL remnant back to its femoral
insertion is shown in Fig 8.

Step 6: Passage and Fixation of ACL-ALL Gracilis
Graft and ACL Repair
The 2 limbs of the traction suture from the single-

strand gracilis graft are knotted onto the suture relay



Fig 4. (A) Anatomic landmark for anterolateral ligament reconstruction in left knee: lateral epicondyle (LE), Gerdy tubercle
(GT), and fibular head (FH). (B) A curved suture passer is introduced through the tunnels located 15 mm below the joint line,
between the Gerdy tubercle and the fibular head, and then used to place a suture loop in the left knee.
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emerging from the ACL tibial tunnel. The gracilis graft
is then routed through the joint and pulled out the
femoral tunnel (Fig 9).
The FiberLink and TigerLink limbs emerging from the

anteromedial portal are knotted with the suture relay
coming from the femoral tunnel and routed through it.
With the knee in 90� of flexion, a nitinol guide pin is
placed in an outside-in manner into the femoral tunnel.
Fig 5. Tibial guidewire in anterior cruciate ligament (ACL) remna
remnant (B) in right knee. (LFC, lateral femoral condyle; PCL, po
The gracilis graft and suture link limbs are then secured
with the knee close to extension with a 5.5-mm inter-
ference screw (Tenodesis screw; Arthrex).

Step 7: Passage and Fixation of ALL Graft
The traction suture from the gracilis graft is loaded on

arthroscopic forceps. The arthroscopic forceps are
introduced through the femoral incision, under the ITB,
nt (A) and 4.5-mm shaver emerging at proximal end of ACL
sterior cruciate ligament.)



Fig 6. (A) Arthroscopic view showing femoral guide placement in right knee. The target of the guide (arrows) is advanced
between the anterior cruciate ligament remnant (asterisks) and the posterior cruciate ligament (pound sign) and then centered
on the anteromedial area of the anterior cruciate ligament footprint. (B) The sleeve of the outside-in femoral guide is pushed
in the femoral incision onto the identified femoral point located posterior and proximal to the lateral epicondyle in the right
knee.

Fig 7. Right knee. (A) A Fiber-
Stick (arrow), loaded with 2
different braided sutures, is
introduced in the cannulated drill
(ampersand). (B) The 2 sutures
are captured with arthroscopic
forceps and externalized through
the anteromedial portals. (C) An
arthroscopic suture retriever
passed through the tibial tunnel
and the anterior cruciate ligament
remnant is used to capture 1 of
the 2 sutures and to externalize it
through the tibial tunnel. (D) One
of the 2 sutures emerging from
the femoral tunnel is externalized
through the anteromedial portal
(dotted arrow), whereas the other
one (solid arrow) is externalized
through the tibial tunnel. The as-
terisks indicate the anterior cru-
ciate ligament remnant; pound
signs, posterior cruciate ligament.
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Fig 8. Suture management. A FiberStick loaded with 2 different suture relays is introduced in the joint through the femoral
tunnel. The blue suture relay is retrieved and externalized through the anteromedial portal. This suture relay will serve to route
the suture link through the femoral tunnel to reapproximate the anterior cruciate ligament remnant onto its femoral insertion.
The black suture relay is retrieved through the tibial tunnel and will be used to pass the gracilis tendon graft into the joint from
the tibia to the femur.
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and pushed toward and through the posterior tibial
incision. The traction suture limbs are then loaded into
the suture loop emerging from the convergent trans-
osseous ALL tibial tunnel and routed from the posterior
Fig 9. Gracilis graft (solid arrow) routed in joint through anterio
anterior cruciate ligament remnant (dotted arrow) before tensionin
ligament remnant; pound signs, posterior cruciate ligament.
to the anterior transosseous tibial tunnel outlet. The
forceps are introduced a second time through the
femoral incision, under the ITB, toward and through
the anterior anterolateral tibial incision. The traction
r cruciate ligament remnant (A) and distal TigerLink stitch in
g (B) in right knee. The asterisks indicate the anterior cruciate



Fig 10. Anterolateral ligament graft passage in left knee. (A) An arthroscopic suture grasper is introduced through the femoral
incision, under the iliotibial band, toward the posterior tibia incision to capture and pull the suture loop toward the femoral
incision. (B) The gracilis graft is loaded in the suture loop and then passed under the iliotibial band through the posterior tibial
tunnel and pulled out the anterior tibial tunnel. (C) The suture grasper is passed a second time through the femoral incision
under the iliotibial band toward the anterior tibial incision to capture the gracilis graft. (D) The gracilis graft is pulled back distally
to emerge through the femoral incision.
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suture on the gracilis graft is captured with the forceps
and pulled through the femoral incision (Fig 10).
At the femoral level, the gracilis graft is secured with

the knee in full extension. The suture links holding the
ACL remnant are circled around the gracilis graft and
tied onto the gracilis. This knotting process is performed
3 times to achieve final fixation; any excessive lengths
of suture and gracilis are cut flush before closure (Fig
11). Tips as well as pearls and pitfalls for each step of
this procedure are given in Table 2.

Discussion
In the recent literature, primary ACL repair to treat

acute proximal tears has gained attention. Multiple
arthroscopic techniques have been described in the past
few years. Sherman et al.3 highlighted the importance
of patient selection for successful isolated ACL repair.
Despite better patient selection and advances in repair
techniques, the risk of failure after isolated suture repair
of the ACL remains a concern.8 Intra-articular
augmentation has been proposed to protect the repair
during the healing period.6,9

The originality of the technique described here
consists of the use of a single-strand gracilis graft as a
“biological” internal brace for intra-articular augmen-
tation of the repair and as an anterolateral graft to
protect the repair during the healing phase. This pro-
cedure requires harvesting of the gracilis tendon,
which can be considered a disadvantage relative to
other ACL repair techniques in which graft harvesting
is not necessary. However, this disadvantage should be
balanced with the potential benefits. In our opinion,



Fig 11. Combined anterior cruciate ligament
repair and anterolateral ligament reconstruc-
tion with single-strand gracilis graft.
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adding a lateral tenodesis has major advantages. Ac-
cording to Engebretsen et al.,10 lateral tenodesis
significantly reduces the stress on the ACL by an
average of 43%. This would help protect the ACL
repair until it heals. Moreover, there is more and more
clinical evidence of the protective effect of antero-
lateral tenodesis when combined with ACL recon-
struction, with significant improvement in graft
survival.11

Relative to standard ACL reconstruction, the main
reasons to consider the described ACL repair technique
in patients with Sherman type I or II ACL tears are the
potential benefits of reduced morbidity owing to
gracilis-only harvesting, small-tunnel drilling, and
reduced debridement, in addition to the preserved
biological and proprioceptive properties associated with
conserving the native ACL. Moreover, this primary
repair, combined with lateral tenodesis, burns few
bridges in the event of a failure in the future. The ad-
vantages and disadvantages of this procedure versus
ACL reconstruction and standard ACL repair are pre-
sented in Table 3.
In conclusion, the described ACL repair technique

offers an alternative to ACL reconstruction for selected
patients with a proximal ACL tear. The use of a single-
strand gracilis graft provides both intra- and extra-
articular augmentation to protect the ACL repair
while it heals.



Table 2. Tips, Pearls, and Pitfalls for Procedure

Surgical Step Tips and Pearls Pitfalls

Graft harvesting and preparation � Collect the hamstring tendons and carefully
dissect any band that could divert the tendon
stripper and cause premature truncation of
the graft.

� Check the graft length: Once harvested, pull
the gracilis distally toward the ankle; when
the gracilis extremity reaches the medial
malleolus, the length is sufficient.

� Keep the gracilis intact at its tibial insertion.

� If the harvested gracilis is not long enough, it
may not be suitable for ALL reconstruction.
Detachment of the gracilis from its tibial
insertion is required, in addition to its fixa-
tion in the tibial tunnel with a 6-mm-diam-
eter interference screw. Another option is to
perform a single-strand ALL reconstruction.

ALL tibial drilling � Use a 5-mm drill to create 2 slightly conver-
gent 15-mm deep sockets. Maintain at least
23 mm between the 2 tunnels. Bear in mind
that a guide pin and 5-mm cannulated drill
can be used to facilitate tibial socket
orientation.

� Use braided suture with a large curved nee-
dle to pass the suture loop through the tibial
transosseous tunnel.

If the 2 tunnels are too close, the bony bridge
between them can collapse.

Notch debridement � Use a 4.2-mm shaver for femoral ACL foot-
print debridement to avoid damaging the
ACL remnant.

� During femoral footprint debridement,
switch the scope to the AM portal to check
and adjust the debridement area.

� Inappropriate tunnel placement may occur
owing to a poor view from the AL portal
because of the ACL remnant.

ACL tibial tunnel � Note that the K-wire is positioned slightly
more posterior than usual to make it easier to
suture the ACL remnant.

� Ensure alignment with the ACL path by
drilling with the knee close to extension.

� Drilling with poor alignment of the ACL path
can damage the remnant.

ACL femoral tunnel � Center the femoral guide target in the AM
area of the ACL femoral footprint.

� Place the scope in the AM portal during
drilling to verify the 5-mm drill’s exit in the
notch.

� Keep the 5-mm cannulated drill in the joint
flush to the femoral tunnel outlet.

� Placing the graft and the suture link in the
more anisometric posterolateral femoral
footprint area can lead to overstretching of
the repair during knee motion.

Suture management and graft passage � Cut 4 cm of the red plastic tube from the
FiberStick and load an additional TigerStick
(Arthrex) in the tube; this will allow one to
push on the 2 sutures to bring them out the
plastic tube and to easily capture them in the
notch.

� Use a retriever to avoid soft-tissue (fat pad)
interposition before graft and suture link
passage.

� Fat pad interposition during graft and suture
passage will require additional surgical time
to fix the issue.

Suture and graft fixation � Put the knee in 90� of flexion and pull on the
gracilis graft toward the ground when
inserting the nitinol guide pin to retract the
ITB from the femoral tunnel aperture.

� Bring the screw in contact with the femoral
tunnel aperture with the knee flexed at 90�;
then, put the knee close to extension and
start screw placement.

� With the scope placed in the AM portal,
check that the screw does not protrude into
the joint space.

� Femoral screw prominence should be avoi-
ded. One should be aware that the femoral
tunnel is likely to be more horizontal and
shorter than the typical tunnel for isolated
ACL reconstruction.

ACL, anterior cruciate ligament; AL, anterolateral; ALL, anterolateral ligament; AM, anteromedial; ITB, iliotibial band.
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Table 3. Advantages and Disadvantages of Combined ACL
Repair andALL ReconstructionWith Single-StrandGracilis Graft
Versus Standard ACL Reconstruction or Standard ACL Repair

ACL reconstruction
Advantages
Relatively short procedure (30-45 min)
Preservation of ACL’s biological properties (proprioception and
vascularization)

Smaller inflammatory reaction with reduced effusion, pain,
stiffness, and arthrogenic muscle inhibition

No bridges are burned in comparison to reconstruction
Disadvantages
Only suitable for proximal avulsions (intraoperative decision
after arthroscopic evaluation of the remnant’s reducibility with
the knee in the figure-of-4 position)

Poor clinical background; long-term outcomes not available
Clinical experience limited to patients with low to medium
demands on knee

Standard ACL repair
Advantages
Lateral tenodesis provides additional protection of ACL repair
Disadvantages
Gracilis autograft harvesting required

ACL, anterior cruciate ligament; ALL, anterolateral ligament.
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