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Combined Anterior and Anterolateral Stabilization of
the Knee With the Hamstring Tendons
Henri Robert, M.D., and Jean-Philippe Vincent, M.D.
Abstract: Anterior cruciate ligament reconstruction allows good control of sagittal laxity but insufficient rotary laxity
control. Our objective is to describe an original lateral extra-articular tenodesis using gracilis in addition to an intra-
articular reconstruction using the semitendinosus in a short 4-strand graft. The principles are as follows: The femoral
tunnel for intra-articular and extra-articular reconstruction is unique, the femoral attachment is posterior and proximal to
the lateral epicondyle, the graft is under the lateral collateral ligament, and the tibial insertion is isometric from 0� to 60�

between the Gerdy tubercle and the fibular head.
he involvement of the anterolateral knee struc-
Ttures in total rupture of the anterior cruciate liga-
ment (ACL) has been known by several authors for
many years (Segond, Hugston, and Muller).1-3 These
authors have clearly highlighted the roles of these
structures in controlling the internal rotation of the
knee. Many procedures using a long strip of the
iliotibial band (ITB) to strengthen the anterolateral
capsular structures were described by Lemaire,
MacIntosh, Ellison, Losee, and Andrews in the early
1980s, but few publications were reported.4-8 Lateral
extra-articular tenodesis (LET) was initially performed
without concomitant intra-articular anterior cruciate
ligament reconstruction (ACLR). The extra-articular
augmentations fell out of favor, notably in the United
States, after many publications. Many recent articles
have “revisited” the anatomy of the lateral aspect of the
knee, and the anterolateral ligament (ALL) has been
“rediscovered” by several authors. There is today a
consensus on its anatomic insertions.9,10 The function
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of the anterolateral structures in rotary control in syn-
ergy with the ACL has also been shown by numerous
recent biomechanical works.10-12 They concluded that
the anterolateral structures act as a secondary
stabilizer of anterior laxity and internal rotation after
ACL rupture.
ACLR allows good control of sagittal laxity but insuffi-

cient rotary laxity control.Up to30%of patients complain
of residual instability after ACLR.13 Currently, lateral
extra-articular procedures are performed either as
anatomic anterolateral ligament reconstructions (ALLRs)
or tenodeses.14-16 We must distinguish the anatomic
reconstructions of the ALL (replication of the anatomy)
from the isometric LET.
Our purpose is to describe an original LET using

gracilis in addition to an intra-articular reconstruction
using the semitendinosus in a short 4-strand autograft
(ACLR according to Tape Locking Screw procedure)
(Fig 1). The principles are summarized in Table 1.
Surgical Technique
The physical examination, performed with the

patient under general anesthesia, is focused on the
Lachman and pivot-shift grades. When gross Lachman
plus pivot-shift findings are present, LET after ACLR is
considered.
The patient is placed in the supine position with the

knee in 90� of flexion, stabilized with a lateral support
(Maquet Getinge Group, Rastatt, Germany) and a foot
bar (Maquet Getinge Group) so that the knee can be
mobilized from full extension up to 120� of flexion. Key
anatomic landmarks are drawn in Figure 2. A pneu-
matic tourniquet is not routinely used, but we request
(February), 2021: pp e275-e282 e275
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Fig 1. Right knee in 90� of flexion. The lateral extra-articular
tenodesis is passed underneath the lateral collateral ligament.

Fig 2. Knee position, lateral view. The patient is placed in the
supine position with the right knee in 90� of flexion, stabilized
with a lateral support and a foot bar. Key anatomic landmarks
are drawn.
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hypotension from the anesthesiologist. The technique is
shown in detail in Video 1.

Step 1: Arthroscopic Evaluation
An anterolateral viewing portal and an anteromedial

working portal are used. After confirmation of the ACL
rupture, meniscal and chondral lesions are managed
when necessary.

Step 2: Graft Harvesting
A 3-cm-long, oblique incision is made over the pes

anserinus. The sartorius is retracted superiorly, and the
gracilis and semitendinosus tendons are bluntly
dissected and harvested using an open stripper (FH
Orthopedics, Heimsbrunn, France). Tendon lengths are
measured (Fig 3).
Table 1. Principles of LET

Unique femoral tunnel for intra-articular reconstruction and
extra-articular tenodesis

Femoral attachment is posterior and proximal to lateral epicondyle
Graft is posterior to center of rotation of knee so that it is tight near

knee extension
Isometry from 0�-60�, resulting in minimal length change during

flexion cycle
Graft is deep to LCL, which acts as pulley
Isometric tibial insertion between Gerdy tubercle and fibular head

LCL, lateral collateral ligament; LET, lateral extra-articular tenodesis.
Step 3: Graft Preparation
A 4- or 5-strand semitendinosus short graft

(50-60 mm long according to the patient’s height) is
prepared on the graft master (Video 1). The strands are
joined by means of 3 or 4 cross stitches using a No. 1
Vicryl suture (Ethicon, Somerville, NJ). A nonabsorb-
able tape (polyethylene terephthalate polyester) is
passed through each tendon loop. The end of the
gracilis tendon is passed through the femoral loop to
obtain a 2-strand gracilis tendon (a graft whose length
must be >12 cm). The construct is sized and submitted
to a high (<300 N) and short (<1 minute) pre-tension
(Fig 4).

Step 4: Lateral Femoral Approach
A 4- to 5-cm skin incision centered on the lateral

epicondyle, in line with the ITB, is performed. The ITB
is sharply divided to expose the lateral condyle. The exit
point from the femoral tunnel is marked with an
Fig 3. Right knee, medial view. Graft harvesting. A 3-cm-
long, oblique incision is made over the pes anserinus. The
sartorius is retracted superiorly, and the gracilis and semite-
ndinosus tendons are bluntly dissected and harvested using an
open tendon stripper. Tendons lengths are measured.



Fig 4. (A) Graft preparation. A 4- or 5-strand semitendinosus
short graft is prepared on the graft master. The strands are
joined by means of 3 or 4 cross stitches using a No. 1 Vicryl. A
nonabsorbable tape is passed through each tendon loop. The
end of the gracilis tendon is passed through the femoral loop
to obtain a 2-strand gracilis tendon. (B) Graft sizing. The
construct is sized and submitted to a high (<300 N) and short
(<1 minute) pre-tension.

Fig 5. Right knee, lateral view. Lateral femoral approach. A
4- to 5-cm skin incision centered on the lateral epicondyle, in
line with the iliotibial band, is performed. The iliotibial band is
sharply divided to expose the lateral condyle. The exit point
from the femoral tunnel is marked with an awl. This land-
mark is 10 mm proximal and posterior to the lateral epi-
condyle. It will constitute the femoral attachment of the intra-
articular graft and the upper attachment of the lateral extra-
articular tenodesis. The proximal part of the lateral collateral
ligament is identified by blunt dissection. The lateral collateral
ligament is incised at its anterior and posterior borders, and a
small pulley is dug with scissors.
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electric cautery device. This landmark is 10 mm prox-
imal and posterior to the lateral epicondyle. It will
constitute the femoral attachment of the intra-articular
graft and the upper attachment of the LET. The prox-
imal part of the lateral collateral ligament (LCL) is
identified by blunt dissection. The LCL is incised at its
anterior and posterior borders, and a small pulley is dug
with scissors (Fig 5).

Step 5: Femoral Tunnel
By anterolateral visualization, the center of the

femoral native footprint, according to the anatomic
reconstruction concept, is marked with an angulated
awl (“pilot hole”) (Fig 6A). The tip of the femoral aimer
(FH Orthopedics) is inserted into the medial portal and
placed in the intra-articular hole (pilot hole). The guide
is fixed over the extra-articular femoral landmark pre-
viously set. The guide has to be perpendicular to the
femoral condyle (the angle of the femoral guide is set to
90�), and a 2.4-mm-diameter K-wire is inserted into
the femoral condyle with an outside-in, retrograde
drilling technique. A sagittal radiograph may be used to
ensure that the K-wire is properly positioned (Fig 6B).
An 8-, 9-, or 10-mm reamer (depending on the diam-
eter of the femoral loop) is used to drill a continuous
tunnel.

Step 6: Tibial Tunnel of Intra-articular Graft
The tip of the tibial aimer (FH Orthopedics) is placed

as close as possible to the base of the medial tibial
eminence in the center of the ACL remnant. The angle
of the tibial guide is set to 60�. A continuous 4.5-mm-
diameter tunnel is reamed. An all-inside retrograde
socket (15 mm deep) is reamed manually at the
diameter and length of the tibial graft end (Fig 7).

Step 7: Penetration of Intra-articular Graft
The traction sutures are passed through the femoral

and tibial tunnels in an outside-in direction and then
brought out with a grasper through the anteromedial
portal. The femoral end (gracilis plus tapes) is pulled out
of the femoral tunnel; then, the tibial tapes are pulled
out of the tibial tunnel, and each tendon end fully en-
ters its socket. Sufficient penetrations of each loop in
both sockets are checked (Fig 8).

Step 8: Femoral Fixation
While the tapes are being pulled and the gracilis is

being separated, a guide pin is inserted into the femoral
tunnel; then, a bioabsorbable (poly-L-lactic acideb-tri-
calcium phosphate) or PEEK (polyether ether ketone)
screw (diameter, 10 mm; length, 20 mm) (FH Ortho-
pedics) is inserted into the femoral tunnel (Fig 9).



Fig 6. Right knee in 90� of flexion, lateral view. (A) Femoral
tunnel. The tip of the femoral aimer is inserted into the medial
portal and placed at the intra-articular femoral landmark
(pilot hole). The guide is fixed over the extra-articular femoral
landmark previously set. The guide has to be perpendicular to
the femoral condyle and horizontal on the frontal view
(angulation set at 90�), and a 2.4-mm-diameter K-wire is
inserted into the femoral condyle with an outside-in, retro-
grade drilling technique. A reamer of 8, 9, or 10 mm
(depending on the diameter of the femoral loop) is used to
drill a continuous tunnel. (B) A sagittal radiograph may be
used to ensure that the K-wire is properly positioned.

Fig 7. Right knee, anterior view. Tibial tunnel of intra-
articular graft. The tip of the tibial aimer is placed as close as
possible to the base of the medial tibial eminence in the center
of the anterior cruciate ligament remnant. A continuous 4.5-
mm-diameter tunnel is reamed. An all-inside retrograde
socket (15 mm deep) is reamed manually at the diameter and
length of the tibial loop.
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Step 9: Tibial Fixation of Intra-articular Graft
While the tibial tapes are being pulled, a bio-

absorbable or PEEK screw (diameter, 10 mm; length,
25 mm) (FH Orthopedics) is inserted into the tibial
tunnel at 10� to 20� of flexion and neutral rotation
(Fig 10).

Step 10: Tibial Tunnel of LET
The double loop of gracilis is sized (usually 5-6 mm)

(Fig 11). To determine the isometric point in the tibia, 2
solutions are possible. A compass can be used to locate
the isometric tibial attachment between the fibular
head and the Gerdy tubercle. One tip is implanted in
the head of the femoral screw, and the other de-
termines the best isometric tibial placement. Femoral
tapes looped around a K-wire can also be used to
determine the tibial placement (Fig 12). In both cases,
the lengthening or shortening of the compass or tapes
in flexion-extension of the knee is checked to deter-
mine the best tibial placement. An oblique tibial tunnel
(with the angle of the tibial guide set to 60�) is drilled
with a 6- or 7-mm reamer depending on the graft size
(Fig 13).

Step 11: Passage of LET
A whipstitch suture is applied to both free ends of the

gracilis, using a resorbable suture (No. 1 Vicryl). The
loop of the gracilis is passed underneath the LCL and
under the ITB by use of a Kelly clamp (Fig 14).

Step 12: Tibial Fixation of LET
The loop is tensioned and secured in the tunnel using

a bioabsorbable or PEEK screw (diameter, 7 mm;
length, 25 mm) (FH Orthopedics) with the knee in
extension and the foot in neutral position (Fig 15).



Fig 8. Right knee, lateral view. Penetration of intra-articular
graft. Traction sutures are passed through the femoral and
tibial tunnels and then brought out with a grasper through the
anteromedial portal. The femoral end (gracilis plus tapes) is
pulled out of the femoral tunnel; then, the tibial tapes are
pulled out of the tibial tunnel, and each tendon loop fully
enters its socket.

Fig 10. Right knee, lateral view. Tibial fixation of intra-
articular graft. By pulling the tibial tapes, a PEEK screw
(diameter, 10 mm; length, 25 mm) is inserted into the tibial
tunnel at 10� to 20� of flexion and neutral rotation.
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Step 13: Testing and Closure
At the end of the procedure, with the graft tensed at

30� and slightly relaxed at 90�, stability tests are per-
formed. The wounds are irrigated and closed in 2 layers
(subcutaneous and skin). Intra-articular injection of
20 mL of ropivacaine, 30 mg of ketoprofen, and 1 g of
tranexamic acid is performed. A compression stocking is
applied from the foot to the upper thigh, and a freezing
brace lies on the knee.

Step 14: Postoperative Rehabilitation
Full weight bearing and mobilization without limita-

tion are recommended immediately. Crutches are rec-
ommended for 2 weeks. Cycling is allowed at 1 month;
running, at 3 months; and contact sporting activities,
after 8 months.
Fig 9. Right knee, anterolateral view. Fixation of femoral
tapes. By pulling the tapes and separating the gracilis, a guide
pin is inserted into the femoral tunnel; then, a PEEK screw
(diameter, 10 mm; length, 20 mm) is inserted into the femoral
tunnel. The double loop of gracilis is in traction for protection
and sized (usually 5-6 mm).
Discussion
The use of an LET is logical because it is far from the

center of knee rotation and because it provides a greater
lever arm for controlling internal rotation. Antero-
lateral reconstructions have been performed since 1967
by Lemaire4 with an ITB strip 12 mm wide and 70 to
80 mm long, keeping its distal insertion, passing over
the LCL, and fixing it proximal and posterior to the
lateral epicondyle.14 The techniques of Dejour et al.,17

Lutz et al.,15 and Pavão et al.18 used the ITB, but each
technique has its particularities. Dejour et al. put the
ITB under the LCL and fixed it at an isometric point
proximal and posterior to the lateral epicondyle. Lutz
et al. and Pavão et al. looked for an anatomic point on
the femoral epicondyle. Lutz et al. used a total graft
length of approximately 20 cm for the ITB. Christel and
Djian19 described a less invasive modification of the
Lemaire technique, in which a shorter ITB strip is
twisted 180� and inserted into the lateral tubercle after
going under the LCL. Other authors have used the
hamstring tendons.
Fig 11. Sizing of lateral extra-articular tenodesis. A whipstitch
suture is applied to both free ends of the gracilis loop, using an
absorbable suture (No. 1 Vicryl), and the loop is sized.



Fig 12. Right knee in 90� of flexion, lateral view. Tibial tunnel
of lateral extra-articular tenodesis. To determine the isometric
point in the tibia, 2 solutions are possible. The tapes and a K-
wire can be used to identify the isometric tibial landmark
between the fibular head and the Gerdy tubercle. The tapes
surround the K-wire implanted in the best isometric tibial
placement. A compass can also be used. In both cases, the
lengthening or shortening of the compass or tapes validates
the correct position.

Fig 14. Right knee, lateral view. Passage of lateral extra-
articular tenodesis. The loop of the gracilis is passed under-
neath the lateral collateral ligament and under the iliotibial
band by use of a Kelly clamp.
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One of the particularities of our technique is the choice
of a single point on the femoral condyle for the exit of
the ACL graft and the high fixation of the LET. There is a
consensus on femoral positioning of the ALL, proximal
and posterior to the lateral epicondyle.9,10 The tibial
insertion is distal to the Gerdy tubercle.9 This point is
determined with the compass or by using the tapes with
flexion-extension movements so that the LET is tight
near the knee in extension. As knee flexion increases,
the graft progressively becomes laxer, allowing full range
of motion and internal rotation. Inderhaug et al.20

showed that an LET tensioned at 20 N and passed
deep to the LCL was effective at controlling rotation with
minimal overconstraint of medial rotation. If the graft is
tensioned at 88 N, it causes significant overconstraint in
Fig 13. Right knee, anterior view. Drilling of tibial tunnel.
From the tibial isometric point, an oblique tibial tunnel (with
the angle of the guide set to 60�) is drilled with a 6- or 7-mm
reamer depending on the graft size.
internal rotation, no matter what angle of flexion is
used.21 To control knee laxity, the LET has to be fixed in
extension or in low flexion. The gracilis seems a good
mechanical choice. The 2-strand gracilis has a maximum
load to failure of approximately 200 N, slightly higher
than that of the native ALL (140 N).22

The unique femoral tunnel avoids the risk of femoral
tunnel convergence (ACL and LET) and of collision of
the 2 fixation devices. The techniques with 2 separate
tunnels appeared much more difficult to us. When
performing combined ACL-LET procedures, the LET
femoral tunnel should be drilled in a specific
3-dimensional orientation. The reasons for widespread
abandonment of LET some 30 years ago are the high
rates of knee stiffness and reoperations. It was recently
shown that these adverse outcomes were not superior
in a large series of 548 combined ACLR-ALLR proced-
ures compared with isolated ACLR.23
Fig 15. Right knee, lateral view. Tibial fixation of lateral extra-
articular tenodesis. The loop is tensioned and secured in the
tunnel using a bioabsorbable screw (diameter, 7 mm; length,
25 mm) (FH Orthopedics) with the knee in extension and the
foot in neutral position.



Table 2. Advantages, Risks, and Limitations of LET

Advantages Risks and Limitations

Tendon harvesting Respect for iliotibial band ST that is too thin requires gracilis
Hamstring size Minimal 12-cm length for LET If ST is too thin or gracilis is too short, Lemaire

technique must be used
Femoral tunnel Tunnel unique for ACL and LET, avoiding drill-hole

convergence
Malposition of femoral tunnel

Tibial tunnel Isometric with use of compass or tapes Malposition of tibial tunnel
Position of knee for fixation Knee in low flexion and neutral rotation Overconstraint of lateral compartment

ACL, anterior cruciate ligament; LET, lateral extra-articular tenodesis; ST, semitendinosus.
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Our technique cannot be performed if the length of
the double-strand gracilis tendon is inferior to 12 cm
(total length of the gracilis < 24 cm). In such cases, we
perform a Christel-Djian procedure with a short ITB
strip (7-8 cm) passed under the LCL.19 Similarly, if the
semitendinosus is too thin, it will be necessary to har-
vest the gracilis and semitendinosus intra-articularly,
and an extra-articular technique, as described by
Christel and Djian,19 will be performed.
The advantages, risks, and limitations of the LET are

summarized in Table 2. All LET procedures have been
criticized for having a theoretical risk of overconstraint
of the lateral compartment if fixed in external rather
than neutral rotation or in high tension. There is also a
risk of decreased range of motion in cases of non-
isometric implantation. There is no evidence that
combined ACL-LET reconstructions are associated with
the increased risk of complications or the frequent
reoperations reported in the 1980s.23 In 2017, Devitt
et al.24 published a systematic review and concluded
that LET in combination with ACLR did not increase
the risk of osteoarthritis in the first 11 years post-
operatively, contrary to reports of isolated lateral
procedures.
Many articles have pointed to the high failure rate in

young patients participating in high-risk pivoting
sports. There are many reasons for ACLR failure:
improper graft placement, concomitant soft-tissue
laxity, early return to sports, and delay in ligamenti-
zation. Therefore, there is room for improvement in
ACLR methods. Recent publications of comparative
series and meta-analyses have shown that the addition
of an extra-articular procedure to an ACLR improves
internal rotation control (reduction in the pivot shift)
but has no impact on patient-reported outcomes or
Table 3. Appropriate Indications for LET as Augmentation to
ACLR According to Getgood et al.10 and Dejour et al.17

High-grade pivot shift
Young patients returning to pivoting activities
ACL revision
Generalized ligamentous laxity or genu recurvatum

ACL, anterior cruciate ligament; ACLR, anterior cruciate ligament
reconstruction; LET, lateral extra-articular tenodesis.
sagittal control.24-27 Sonnery-Cottet et al.27 reported
significantly lower ACL rupture rates in patients un-
dergoing combined ACLR and ALLR when compared
with isolated hamstring tendon (11%) or patellar
tendon autograft (16%) procedures.
There is no consensus on the definitive recommen-

dations as to when a lateral procedure should be added
to an ACLR by way of contradictory results. The in-
dications for the LET continue to be discussed, but a
consensus has emerged for primary ACLR or revision
procedures (Table 3).
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