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Abstract: Lateral collateral ligament (LC) injuries that go unnoticed when associated with an anterior cruciate ligament
(ACL) tear can increase stress forces on the ACL graft causing its failure. Furthermore, it is a main stabilizer to varus stress
and external rotation. On the other hand, the reinforcement of anterolateral structures during ACL reconstruction has
regained popularity in recent years, because evidence has shown that it increases the control of rotational laxity and
decreases ACL graft failures, especially in revision surgery. The present article shows a technique to perform an ACL
reconstruction, associated with the reconstruction of the LCL and of the anterolateral ligament using a single Achilles
tendon allograft, which is split after the fixation of the ACL graft into two fascicles.

Introduction

Ithough not particularly common, a lateral
collateral ligament (LCL) lesion that goes unno-
ticed, or is not treated, can increase stress forces on an
anterior cruciate ligament (ACL) reconstruction causing

the failure of the graft.'
LCL lesions are generally associated with other liga-
mentous lesions on the knee, such as the ACL, posterior
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cruciate ligament (PCL), or posterolateral corner (PLC)
tears.”” The LCL has been shown to be an essential
stabilizer to varus stress throughout the whole range of
motion of the knee, as well as an important restrictor
for external rotation near full extension.™’

On the other hand, the interest in anterolateral re-
inforcements has risen in the last decade because of the
lack of control of the pivot shift during ACL re-
constructions,® and it has been recommended, either as
a lateral extra-articular tenodesis (LET),” or as an
anterolateral ligament reconstruction.® In 2017, an
expert group, led by Sonnery-Cottet, established the
criteria for the use of anterolateral reinforcements,
based on patients’ characteristics, clinical exploration,
and image findings. These criteria could be decisive
(ACL revision surgery, pivot shift grade 2 or 3, Segond
fracture, pivoting sports—high-level athletes and com-
petition—Hyperlaxity) or secondary (ACL contralateral
rupture, Lachman >7 mm, deep lateral femoral notch
sign, <25 years old). They recommended as minimal
requirements for ACL + minimally ALL reconstruction:
1 decisive criteria or 2 secondary criteria.” Likewise, the
International Anterolateral Complex Consensus Group
recommended some indications for anterolateral rein-
forcement during ACL reconstruction that include
revision ACL, high-grade pivot shift, generalized liga-
mentous laxity/genu recurvatum, and young patients
returning to pivoting activities."”
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Table 1. Step-by-Step Details of the Technique

1. Patient Positioning and Intra-articular Exploration

a. Patient is positioned supine with limb in leg holder (knee flexed
at 90°).

b. Anesthesia is provided (general or regional); femoral ischemia is
applied.

c. Arthroscopic transtendinous and anteromedial portals are
employed.

d. Arthroscopic exploration is performed to identify ACL and
concomitant lesions.

2. Graft Preparation

a. The allograft is prepared with 9-10 mm of diameter and a 25-mm
bone plug in one of its ends, which is perforated to insert a
traction thread.

b. The soft tissue end of the graft is prepared with two independent
Krackow sutures.

c. The graft is wrapped in a gauze soaked with a solution of
vancomycin.

3. Intraarticular Preparation

a. Remnant cleaning

b. Footprint of ACL identification
4. Femoral Tunnel

a. Outside-in direction with regular tibial guide open at 70°

b. Same diameter of the graft (usually 9-10 mm)

c. Extraarticular entrance: lateral epicondyle

d. Intraarticular exit: ACL footprint

5. Tibial Tunnel

a. Outside-in direction

b. Same diameter of the graft (usually 9-10 mm)

c. Same tibial guide open at 55°

d. Intraarticular exit: center of the ACL footprint

6. ACL Graft Passage and Fixation
a. Passage of allograft from tibia to femur, leaving the bone plug in
the tibial tunnel
b. Tibial fixation with screw (same diameter of the graft)
c. Femoral fixation in 30° of flexion (screw 1 mm wider than graft)
7. Graft Split

a. The allograft remnant is split.

b. The resultant grafts are measured.
8. LCL Graft Performance

a. Peroneal head tunnel is drilled (same diameter of the graft).

b. The graft is passed under the fascia lata.

c. The graft is inserted through the peroneal head tunnel.

d. Fixation with screw 1 mm wider than graft in 30° of knee
flexion, in a second femoral tunnel if the graft is long enough, or
in the fibular head if not

9. ALL Graft Performance
a. The remnant split graft is used.
b. Approach to the ALL distal insertion (5 mm proximal to the
midpoint between the fibular head and Gerdy’s tubercle)

. A tibial tunnel is performed.

. The graft is passed under the fascia lata.

. The graft is inserted through the tibial tunnel.

. Fixation with screw 1 mm wider than graft in full extension
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The technique herein (Table 1) was especially
designed for revision surgery after failure of an ACL
reconstruction, with associated lateral laxity and
evident rotatory laxity. Its main features are

e An associated reconstruction of the LCL and of the
anterolateral ligament (ALL) are performed together
with the ACL revision surgery (Table 2).
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e The tibial and the single femoral tunnels are per-
formed in the outside-in direction.

e The same fresh-frozen Achilles tendon allograft is
employed to reconstruct the three ligaments.

e Once the tibial and the femoral fixations of the ACL
graft are performed, the femoral remnant graft is
divided longitudinally, resulting in two grafts of
smaller diameter, one to reconstruct the LCL and the
other to reconstruct the ALL.

e All of the grafts are fixed using interference screws.
Femoral fixation of the three arthroplasties are per-
formed with the same single femoral interference
screw.

o If the graft’s length is long enough, the authors prefer
to turn the LCL graft back to the femur, under the
fascia lata, after passing it through the fibular head’s
tunnel, to fix it in a second divergent tunnel in the
femur near the epicondyle.

Surgical Technique

First of all, an exploration of the knee under anes-
thesia is performed to check the lateral laxity with
forced varus, the anterior laxity (with Lachman test),
and the rotatory laxity (with pivot shift test).

The surgery is carried out under ischemia, with a cuff
set around the proximal one-third of the patient’s
thigh, which is afterward placed in a leg holder, with
the knee flexed at 90°.

The authors usually employ a central transtendinous
portal (Table 3) as a view portal for arthroscopic cru-
ciate ligament surgery. The anteromedial portal is
usually employed as the working portal. In case of
need, an additional anterolateral portal can be used.

The articular lesions are addressed in a routine
arthroscopic exploration of the knee. The arthroscopic
Finochietto jump sign,'' which consists on an anterior
subluxation of the posterior horn of the medial
meniscus, and the posteromedial compartment'” of the
knee is checked to diagnose ramp lesions. A varus force

Table 2. Advantages and Disadvantages

Advantages

- The main advantage of this technique is that three lesions can be
addressed with a single allograft.

- There’s no need to violate more donor sites on the patient.

- Only one femoral tunnel is needed, so the risk of tunnel conver-
gence is minimized in femur.

- Only 4 screws are used for fixation, so the technique can be per-
formed cheaply.

Disadvantages

- There is a need for an allograft, which may not be available every-
where. Furthermore, the allograft has to be of a length and width
enough to cover all the needs of the technique.

- The peroneal head is a weak structure that has to be managed with
care not to break it.

- Care must be taken to avoid injury to the peroneal nerve.
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Table 3. Tips, Pearls, and Pitfalls

Tips and Pearls

- A central transtendinous portal provides a global perspective of the
intercondylar notch and the anterior cruciate ligament’s footprints.

- The allograft should be prepared to be 10 mm wide, to be able to
deliver two 5-mm wide split allografts.

Pitfalls

- The screw of the ACL tibial tunnel should be of the same diameter of
the graft and the tunnel, and not wider, because the presence of the
bone plug, and the hardness of the tibial cortex may break the
biodegradable interference screw.

is applied to check the increase of length of the femo-
rotibial space arthroscopically.

Graft Preparation

A fresh-frozen Achilles tendon allograft is prepared in
an auxiliary table, with 9-10 mm of diameter (Table 3),
leaving a bone plug of 25 mm in length in one of the
ends, which is perforated to insert a traction thread. The
graft needs to be long enough to address the ACL, the
FCL, and the ALL grafts (about 180 mm in length). The
opposite end of the graft is prepared using two Krackow
sutures for traction, one on each side of said end, taking
special care no to cross them, so the graft can be divided
afterward without cutting the threads (Fig 1). The graft
is wrapped in a gauze soaked with a solution of van-
comycin,'” while tunnels are performed.

Tunnel Drilling for Revision ACL Surgery

A curved incision is performed on the lateral aspect of
the knee, from a spot 1 cm proximal to the epicondyle
to Gerdy’s tubercule. The iliotibial band is incised
longitudinally. With the aid of a regular ACL tibial
guide (Stryker Endoscopy, Kalamazoo, MI) opened at
70° (Fig 2), a guide pin is inserted the outside-in di-
rection, starting on the spot just proximal and posterior
to the lateral epicondyle; the tip of the guide pin should
exit the lateral condyle intra-articularly on the center of
the femoral anatomical insertion of the ACL. Subse-
quently, a 2-cm anteromedial oblique incision is per-
formed on the proximal tibia (the same incision of the
hamstring tendons extraction can be used if that was
the selected graft in primary surgery). The same guide,
opened at 55°, is used to insert a guide pin, in the
outside-in direction, from the anteromedial aspect of
the tibia to the intra-articular tibial anatomical insertion
of the ACL (Fig 3). Once both the femoral and tibial
guide pins are inserted, both tunnels are made using a
cannulated drill bit of the same diameter of the graft.

Graft Pass for ACL Revision Surgery

The graft is passed in caudo-cranial direction, starting
with the traction threads placed on the soft tissue end of
the graft, which are held in an arthroscopic grasper that
is inserted through the tibial tunnel in the outside-in
direction. Once inside the joint, the threads are
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retrieved with a clamp, which brings them near the
femoral tunnel; the arthroscopic grasper is inserted
through the femoral tunnel, from its extra-articular
end, to retrieve the threads in the inside-out direc-
tion. The threads are pulled in caudo-cranial direction
until the bone plug is inserted in the tibial tunnel (Fig
4A).

Fixation of the ACL Revision Graft

The tibial end of the graft is fixed first (Fig 4B), using
an interference screw (Biosteon; Stryker; Kalamazoo,
MI) of the same diameter of the bone plug. Afterward,
femoral fixation is achieved using an interference screw
1 mm wider than the tunnel, with the knee flexed 30°
(Fig 5). The tension of the graft is checked arthro-
scopically with the aid of a probe after its fixation in
both tunnels.

Graft Split

Once the ACL graft is fixed, the remnant graft is split:
independent divergent traction is applied from both
Krackow sutures, and the tendon is cut longitudinally
in half with scissors between the sutures (Fig 6A), fin-
ishing on the extraarticular end of the femoral tunnel.
Two different grafts, with their own traction threads
result, one for the ALL reconstruction and the other for
the LCL reconstruction (Fig 6B). The diameter of both
resultant grafts is measured (Fig 7).

LCL Graft Performance

The peroneal head is approached: a tunnel of the
same diameter of the split graft is performed in antero-
posterior, caudo-cranial, and latero-medial direction
using a retractor on its posterior aspect to protect the
peroneal nerve (Fig 8). A looped thread is inserted in
postero-anterior direction to serve as a suture passer.
The LCL graft is passed under the fascia lata with the aid
of a clamp, pulling the traction threads (Fig 9). Such
threads are inserted through the loop of the suture

Fig 1. Achilles tendon allograft prepared with traction threads
at both ends. The end of the graft opposite to the bony end is
prepared with two parallel independent Krackow sutures,
taking care not to cross them so that the graft can be divided
after passing femoral tunnel.



Fig 2. (A) Anterolateral outside view of a left knee. Placement of the guide to create femoral tunnel with outside-in technique.
(B) Arthroscopic view of the same situation from the anteromedial portal, with the guide inserted through the central portal.

passer previously set through the peroneal tunnel; the
suture passer is then pulled, and the graft is passed
through the peroneal tunnel in antero-posterior and
caudo-cranial direction (Fig 10). If the graft is long
enough, it is turned back under the fascia lata reaching
the lateral epicondyle (Video 1). A tunnel is drilled in a
spot just anterior and proximal to the ACL

reconstruction femoral tunnel in postero-anterior and
caudo-cranial direction to avoid convergence. The graft
is inserted through the tunnel, and it is fixed with an
interference screw 1 mm wider than said tunnel, with
the knee flexed 30°. If the graft is not long enough,
performed

the fixation of the graft is in the

A. ESPEJO-REINA ET AL.

peroneal head, using an interference screw 1 mm wider
than the tunnel.

ALL Graft Performance

The remnant split graft is employed to reconstruct the
ALL. A guide pin with an eyelet at the bottom is
inserted at the distal insertion of the ALL, 5 mm prox-
imal to the midpoint between Gerdy’s tubercle and the
peroneal head, in cranio-caudal and latero-medial di-
rection, and the tip of the guide pin should exit the tibia
on its anteromedial side, at least 1 cm distal to the ACL
tibial tunnel. A tunnel of the same diameter of the graft
is drilled with a cannulated drill bit. The traction threads

<Z i R /

Fig 3. (A) Medial outside view of the ACL guide placed through the anteromedial portal, while the arthroscope is inserted
through the central portal in a left knee. (B) Arthroscopic view of the same situation, with the tip of the guide pin set in the
center of the native ACL'’s footprint.
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N
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of the ALL graft are retrieved with the aid of a clamp and
are pulled under the fascia lata; subsequently, the guide
pin is again set through the tunnel in cranio-caudal di-
rection. The traction threads are inserted through the
eyelet at the bottom of the guide pin (Fig 11A), and it is
pulled in cranio-caudal direction until the threads exit
the tibial tunnel on its anteromedial end. The traction
threads are pulled until the graft is inserted through the
tibial tunnel (Fig 11B). Traction is kept in full extension
of the knee, and the graft is fixed using an interference
screw 1 mm wider than the tunnel, inserted at the
anterolateral end of the tibial tunnel, in cranio-caudal
and lateromedial direction (Fig 12).

Discussion

The main feature of the present technique is that a
revision ACL surgery associated to ALL and LCL re-
constructions can be performed using a single fresh-
frozen Achilles tendon allograft and a single femoral
tunnel.

When a surgeon faces a chronic multiligament lesion,
all of the ligaments affected should be addressed. There
are different graft alternatives that could be chosen, and
allografts have been shown to be a good option in such
cases, to avoid an excessive harm to the native
knee.!*'®> Furthermore, the Achilles tendon allograft
provides a bone plug that can serve to fill the bony
defect in the case of a tunnel widening in revision cases.

Fig 4. Anteromedial outside view of a left knee. Tibial fixation of the graft. (A) Image of the bone plug in the tibial tunnel with
the flexible guide for the screw (white arrow denotes flexible guide, and blue arrow denotes bone plug). (B) Anterior outside
view of a left knee. An interference screw is placed in the outside-in direction for tibial fixation.

On the other hand, when a revision surgery of a failed
ACL is performed, especially if an explosive pivot shift is
present, an anterolateral reinforcement is indicated,
both as a LET’ or as an ALL reconstruction.®

Fig 5. Anterolateral outside view of a left knee. An interfer-
ence screw for femoral fixation is placed in the outside-in
direction after tibial fixation.
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Fig 6. Anterolateral outside view of a left knee. (A) The allograft is divided into two bands (one for the LCL reconstruction and
the other for the ALL reconstruction) using scissors once the ACL graft is fixed in the femur. (B) Division was finalized in two
branches: one serves as ALLG and the other serves as LCLG. ACL, anterior cruciate ligament; ALL, anterolateral ligament; ALLG,
anterolateral ligament graft; LCL, lateral collateral ligament; LCLG, lateral collateral ligament graft.

Different graft options have been described to
reconstruct the LCL, like the semitendinosus tendon as
a single graft'® or in association to the ACL graft,'” or a
patellar tendon allograft.'®

Tunnel convergence is a matter of care in multiliga-
ment reconstructions of the knee, particularly on the
lateral condyle. This possibility has been especially
studied for ACL and posterolateral corner-associated
reconstruction.'”?’ Angelini et al. described a tech-
nique for associated reconstruction of the ACL and the
posterolateral corner using 2 semitendinosus (one from
each knee) and one gracilis (from the injured knee)
tendons, using a single femoral tunnel for ACL, LCL,

Fig 7. Anterolateral outside view of a left knee. Measurement of the two resulting grafts with calipers. (A) Lateral collateral
ligament. (B) Anterolateral ligament.

and popliteus tendon reconstruction, to avoid tunnel
convergence.”’ Other previous techniques have
employed the idea of a single femoral tunnel for asso-
ciated ligament reconstruction, like in the case of
associated ACL and LCL reconstruction.'” In the last
years, tunnel convergence has also been studied for the
associated reconstruction of the ACL with anterolateral
reinforcements, for LET,”**” as well as for ALL recon-
struction.”” Single femoral tunnel techniques have also
been described to avoid such convergence in the case of
an associated reconstruction of ACL and ALL.”” The
present technique uses a single femoral tunnel to fix the
ACL, the LCL and the ALL grafts, to avoid the tunnel
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4 A : L
Fig 8. Lateral outside view of a left knee. The tunnel of the fibular head is performed with the aid of a drill bit in caudo-cranial
and slightly latero-medial direction, while protecting the peroneal nerve. FH, fibular head; FL, fascia lata.

F, o gl

ALY
Fig 9. Lateral outside view of a left knee. (A) A pincer is passed under the FL to retrieve the traction threads of the grafts. (B) The
LCLG is passed under the FL. ALLG, anterolateral ligament graft; FL, fascia lata; LCLG, lateral collateral ligament graft.

Fig 10. Lateral view of a left knee. (A) The traction threads of the LCLG are passed through the tunnel on the fibular head in
caudo-cranial direction. (B) The LCLG is passed through the fibular head’s tunnel. ALLG, anterolateral ligament graft; FH, fibular
head; FL, fascia lata; LCLG, lateral collateral ligament graft.
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Fig 11. Anterolateral outside view of a left knee. (A) The traction threads of the ALLG are passed through their tibial tunnel
(which was previously drilled) with the aid of a guide pin with an eyelet at its bottom. The tip of the guide pin can be seen exiting
the anteromedial aspect of the knee (white arrow) (B) The ALLG is passed through its tibial tunnel, in latero-medial direction.

ALLG, anterolateral ligament graft; FL, fascia lata.

convergence. Furthermore, it only needs a single
interference screw, saving costs and materials.

One of the main drawbacks (Table 2) of this tech-
nique is the distal fixation of the LCL; the peroneal head
is a weak bone. The authors have performed such fix-
ation with an interreference screw in several cases, but
it doesn’t result as solid as desired. If the graft is long
enough, it’s the authors’ preference to fix it by turning
the tendon back to the femur, and inserting it in a
second tunnel slightly proximal and divergent to the
first femoral tunnel. The main limitation of this tech-
nique is the need for allografts, which are not available
in every hospital.

Fig 12. Anteromedial outside view of a left knee. The ALLG is
fixed in the tibial tunnel with an interference screw. ALLG,
anterolateral graft; AMP, anteromedial portal; CP, central
portal.
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