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Capsulo-osseous Layer Retensioning and Distal
Kaplan Fiber Surgical Reconstruction: A Proposed

Anatomical Lateral Extra-articular
Tenodesis Approach
Julio Cesar Gali, M.D., Ph.D., Julio Cesar Gali Filho, M.D., Marcos Felipe Marques, M.D.,
Tyago Araújo Almeida, M.D., Phelipe Augusto Cintra da Silva, M.D., and

Robert F. LaPrade, M.D., Ph.D.
Abstract: Anterior cruciate ligament intra-articular reconstruction may require extra-articular reinforcement in certain
situations. As knee lateral region anatomical and biomechanical knowledge has increased with new research, it has been
reported that the iliotibial band is important in the anterolateral stabilization of the knee. Possible indications for a “more
anatomical” extra-articular tenodesis focusing on capsulo-osseous layer tensioning and distal Kaplan fibers reconstruction
are reported, surgical approach details are described, and scientific data that gives support for this procedure are discussed.
ateral extra-articular tenodesis (LET) was used in
Lthe past for the surgical treatment of anterior cru-
ciate ligament (ACL) instability, and postoperatively the
knee was immobilized in flexion and the tibia in
external rotation. This condition could cause stiffness
and development of degenerative changes in the knee
lateral compartment. With the advent of arthroscopy, a
return to intra-articular ACL reconstruction occurred.
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However, a small percentage of patients have re-
ported continued instability despite ACL intra-articular
reconstruction.1,2 There is a current trend that antero-
lateral soft-tissue extra-articular reconstruction may be
used complementary to ACL intra-articular recon-
struction in select patients.
The contribution of the Kaplan’s fibers to knee pivot

shift was reported by Jakob et al. in 1981.3 The authors
also stated that the lateral capsular ligament might
secondarily stretch in an ACL deficient knee, increasing
a chronic anterolateral instability. Godin et al.4 identi-
fied a distinct capsulo-osseous layer of the distal ilioti-
bial band (ITB) that was intimately associated with the
knee lateral capsule. They reported that the Kaplan fi-
bers had a strong attachment to the distal femur and so
should play a role in rotational knee stability. More
recently, Berthold et al.5 recommended that the integ-
rity of Kaplan fibers should be routinely reviewed on
magnetic resonance imaging because of its possible
clinical repercussions. In another perspective, Amis6

showed biomechanical evidence suggesting that
tenodesis or reconstructive surgery should be done to
restore the restraint supplied by the ITB, rather than
that provided by the anterolateral ligament, and Smith
et al.,7 in a biomechanical study, reported that pivot
shift control is better performed by the deep ITB rather
than by anterolateral ligament. We described a LET
surgical technique performed by capsulo-osseous layer
retensioning and distal Kaplan fibers reconstruction,
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aiming to reproduce the original anatomy more
accurately.
Fig 2. A 10-cm � 1-cm iliotibial band strip being dissected,
keeping its tibial insertion at the Gerdy tubercle (lateral view,
right knee).
Surgical Technique (With Video Illustration)

Indications
Currently, the indications for an extra-articular pro-

cedure for patients who will undergo an ACL intra-
articular reconstruction are variable, although some of
them are common among the authors’ opinion.
Sonnery-Cottet et al.8 recommend adding extra-
articular surgery for patients participating in sports
involving rotational movements, high-level sports,
pivot shift test equal or more than 2þ, chronic ACL
injuries, ACL revision, notch sign of lateral femoral
condyle greater than 2 mm, in cases with a Segond
fracture, and for patients younger than 20 years.
Geeslin et al.9 advocated it for patients with biological
or physiological impairment (ACL allograft reconstruc-
tion, ACL revision, patients with knee hyperextension,
patients with increased tibial plateau slope tilt in the
sagittal plane) and for those at high risk of new ACL
injury (high-level sports, where there are cutting and
pivoting movements).
Knee hyperextension and greater preoperative pivot

shift under anesthesia,10 persistence of a grade �2 pivot
shift after revision ACL reconstruction,11 patients pre-
senting more than 12 months after injury for surgery,12

and residual pivot shift at the time of surgery13 also are
considered suggestions for extra-articular reinforce-
ment. More recently, Getgood et al.14 published their
indications for extra-articular complementary surger-
iesdACL revision, high-grade pivot shift, generalized
ligament laxity, knee hyperextension, and for young
athlete participants in pivoting sportsdand Redler
et al.15 showed that revision ACL reconstruction plus
LET provides enhancement in clinical and radiologic
results at mid-to long-term follow-up.
Fig 1. Lateral view of a right knee demonstrating the 2 par-
allel incisions to create a strip of iliotibial band of about 10 cm
of length for the graft.
Procedure
With the patient anesthetized and lying supine,

arthroscopic anatomic single-bundle ACL reconstruc-
tion is performed initially. Hamstring graft is fixed in
the femur with an ENDOBUTTON (Smith & Nephew,
Memphis, TN). The sutures passing through the
ENDOBUTTON (Smith & Nephew) and skin are main-
tained to help locate the graft femoral exit. An incision
of about 12 cm in length is made in the skin and
through the subcutaneous tissues of the distal and
lateral thigh, over the location of the middle portion of
the ITB, slightly curved toward the Gerdy tubercle.
After hemostasis is obtained, the skin flaps are

retracted, and delicate dissection is performed to iden-
tify the posterior portion of the ITB. An incision of
about 10 cm of length is made 1 cm above the ITB
posterior edge, from distal to proximal, up to its Gerdy
tubercle insertion. Another similar parallel incision is
performed on the ITB, 1 cm anterior to the first one (Fig
1). Then a vertical incision on the most proximal region
of the other cuts is performed to release a 10-cm � 1-
cm ITB strip, maintaining its tibial insertion (Fig 2).
ETHIBOND (Ethicon, Somerville, NJ) #2 sutures are
passed through the free edge of the ITB strip (Fig 3).
The ITB is now retracted anteriorly to expose the

lateral and distal femur. By blunt dissection, a bony
prominence on the supracondylar flare of the distal
femur is located, about 31.4 mm proximal to the lateral
epicondyle.4 It corresponds to the distal Kaplan fibers
attachment. Care must be taken to avoid injury to the
superior lateral genicular artery because it passes distal
and posterior to the distal Kaplan fibers femoral
insertion.
A 2.4-mm eyelet tipped Kirschner wire is drilled in

the center of bony prominence above described,
crossing the lateral femoral cortex and exiting in the
anteromedial thigh (Fig 4). A cannulated 7.0-mm drill
is used to overream a tunnel of 35 mm in length (Fig 5),
and the ETHIBOND (Ethicon) sutures are passed



Fig 3. ETHIBOND (Ethicon, Somerville, NJ) sutures passed
through the iliotibial band graft to serve as a passing stitch
(lateral view, right knee).

Fig 5. A cannulated drill is placed over the guide pin to
overream the reconstruction graft tunnel to a depth of 35 mm
(lateral view, right knee).
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through the Kirschner wire holes. Next, the wire is
pulled out, bringing the sutures outside the ante-
romedial thigh. The 10-cm � 1-cm ITB strip is passed
over the fibular collateral ligament (FCL) and driven
inside the tunnel by pulling the passing sutures.
The knee is kept in 70� of flexion and neutral rota-

tion. A guidewire is introduced in the femoral tunnel,
over the ITB strip, and it is fixed to the femur with a 7 �
25-mm absorbable interference screw (Fig 6). A curved
Kelly forceps is used to press the medial side of the
thigh where the ETHIBOND (Ethicon) sutures exit is
located, and they are cut with the tip of a scalpel blade.
The guidewire is removed, the ITB defect is closed with
VICRYL (Ethicon) #2 (Fig 7), and the wound is closed
with Nylon (Ethicon) #4 and covered with a bandage.
No drain is used. Table 1 shows this technique’s pearls
and pitfalls, and the surgical approach can be seen in
Video 1.

Postoperative Care
The patient is discharged the day after the surgery,

and recommendations include immediate weight-
bearing with a pair of crutches, straight leg raises, iso-
metric contraction of the quadriceps, and knee flexion
exercises. Crutches are discontinued after 7 days, when
Fig 4. An eyelet tipped pin passed anteromedially across the
femur through the center of the Kaplan distal fibers insertion
(lateral view, right knee).
the patient is referred to physiotherapy, which follows
the same regimen as the one performed for isolated
ACL reconstruction.
Discussion
Information obtained from scientific studies may help

to choose the type of extra-articular surgery to be
performed. The ACL is the primary restraint to anterior
tibial translation, but as this ligament is centrally
located, it has a very small moment arm to control in-
ternal tibial rotation, which is mainly restricted by the
ITB. In the intact knee, internal rotation laxity increases
with joint flexion, and soft-tissue injuries may increase
this laxity.5 When there is an injury to the ACL and
anterolateral complex structures, an ACL reconstruc-
tion alone may result in a residual abnormal rotational
laxity of the tibiofemoral joint.16

Terry et al.17 reported that lesions of the iliotibial tract
anatomical components were confirmed in 76 (93%) of
the knees of 82 patients with acute ACL injury. The
deep layer was damaged in 84% of cases and the
capsulo-osseous layer in 71% of patients. ITB injuries
correlated significantly with the grade of the pivot-shift,
while on the contrary, ACL lesions did not. ¼17
Fig 6. Reconstruction graft fixation with a 7 � 25-mm
absorbable interference screw (lateral view, right knee).



Fig 7. Photograph of the iliotibial band graft defect closed
(lateral view, right knee).
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The distal Kaplan fibers and lateral intermuscular
septum connect ITB to the lateral aspect of the femur.18

The ITB is the primary restraint to tibial internal rota-
tion when their superficial and deep layers were
included together and responded to 74% of the total
resistance to internal rotation with the knee at 60� of
flexion.19 According to Rahnemai-Azar, et al.20 a 10-
mm wide strip of the ITB was 50% stronger than a
20-mm wide area of the anterolateral joint capsule. The
aforementioned data provide support for using a 10-
mm ITB wide strip for Kaplan fiber surgical recon-
struction and a lateral extra-articular tenodesis in
conjunction with an ACL intra-articular reconstruction.
Our depicted technique uses a 10-mm wide ITB graft

strip, which is fixed by an interference screw in a tunnel
created at the distal osseous insertion of the Kaplan fi-
bers. The surgical approach usually allows viewing an
anatomical ACL reconstruction’s femoral tunnel cortex
exit, which may avoid tunnel convergence. This is
similar to what happens when MacIntosh technique
is used for a LET.21 If the tunnel exit is not visible, it is
advisable to drill the LET’s tunnel in at 20� axial/20�

coronal angulation to avoid tunnels collision.22

Regarding the passage of the ITB band over or under
the FCL, our technique suggests that it should be passed
over this ligament because this can replicate the normal
anatomy, that is, the capsule-osseous layer passes over
Table 1. Technique Pearls and Pitfalls

Pearls

An incision of about 10 cm of length should be performed 1 cm
above the posterior edge of the ITB.

The 10 � 1-cm ITB strip should be carefully released until its
tibial insertion.

Distal Kaplan fibers femoral attachment site should be located by
careful blunt dissection.

ITB strip is passed over the FCL.
The ITB strip should be fixed to the femur with the knee at 70� of

flexion and neutral rotation.

FCL, fibular collateral ligament; ITB, iliotibial band.
the FCL and not underneath. However, Spencer et al.23

supported that passing the graft deep to the lateral
collateral ligament when performing an LET because it
would be the most efficient form of reconstruction.
Inderhaug et al.16 reported that graft passage under

the FCL in the Lemaire LET procedure significantly
resulted in knee overconstraint, which means a tibial
internal rotation and anterior translation reduction
compared with an uninjured knee.9 By following an
alternative pathway, when the graft was passed deep
the FCL, it did not occur.16

The passage of the graft under the FCL also has been
described by other authors, fixing it by a Richards staple
2 cm proximal and slightly posterior to the native FCL
femoral insertion,24 at Kaplan’s fibers distal femoral
insertion,25 or just anterior to the distal Kaplan fiber
attachment.26 Nevertheless, a graft passed under the
FCL is nonanatomical.27

For graft fixation, one surgical team’s member holds
the knee flexed at 70�, because this degree is the best
one for LET graft fixation,7 and in neutral position,
where only limited changes in lateral patellar tilt and
patellofemoral contact pressures were verified,16

another one applies mild to moderate manual traction
on the graft’s ETHIBOND (Ethicon) sutures to avoid
overconstraining the joint, while the surgeon advances
the screw into the tunnel for graft fixation. However,
Noyes et al. have found that low-tension ITB tenodesis
may not affect the pivot shift and recommended
appropriate tension to avoid overconstrain internal
tibial rotation.28

We observed that graft relaxes during leg external
rotation and is tensioned in internal rotation, therefore
acting to prevent anterolateral rotation instability. Bone
fixation of the graft with an interference screw allows
for early mobilization to avoid joint stiffness.
The described technique has some limitations: it re-

quires an additional skin incision to perform the
capsulo-osseous layer retensioning and distal Kaplan
fibers reconstruction, there is the possibility of the
confluence between the tunnels to fix the ITB strip and
the one for the ACL reconstruction and besides this,
Pitfalls

Difficulty to close ITB graft defect.

Inadvertent ITB strip sectioning.

Superior lateral genicular artery injury and consequent bleeding,
possible hematoma formation, facilitating infection
occurrence.

Nonanatomical reconstruction.
Joint overconstrained, lateral patellar tilt and patellofemoral

contact pressures alterations, graft overtension.
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adding a LET results in small increase in pain, slight
reduction in quadriceps strength, and diminished sub-
jective functional recovery up to 6 months after the
surgery.26

In contrast, this technique may allow proper ITB
retensioning while creating a new ITB femoral insertion
similar to the distal Kaplan fibers and may be an option
for an anatomically positioned LET.
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