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Abstract: Lateral meniscus tears are commonly encountered by orthopaedic surgeons. Despite efforts to repair and
preserve the meniscus, meniscectomy is occasionally required to treat irreparable tears. The resulting lateral meniscus
deficiency leads to increased tibiofemoral contact pressures and ultimately early osteoarthritic changes in the knee. Lateral
meniscal allograft transplant (LMAT) has been proposed as a way to restore the lateral meniscus—deficient knee to its
native form. Although several techniques for LMAT have been proposed, osseous fixation has demonstrated increased
stability, improved outcomes, and improved long-term survival. This article presents a technique for LMAT using bone

plugs and standard arthroscopic portals.

Lateral meniscus tears are frequently encountered in
orthopaedics and remain the most common associ-
ated injury to occur with an anterior cruciate ligament
tear."? Despite efforts to repair and preserve the
meniscus, meniscectomy may be required to treat an
irreparable tear.” After lateral meniscectomy, the total
contact area is decreased, resulting in significantly
increased tibiofemoral contact pressures and ultimately
early osteoarthritic changes in the knee.”° Lateral
meniscal allograft transplant (LMAT) has been proposed
as a way to restore the lateral meniscus—deficient knee
to its native form. Biomechanical studies have shown
that LMAT can restore lateral tibiofemoral contact
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pressures to mnear normal values.” Furthermore,
significantly improved functional scores and activity
levels have been reported at greater than 2 years
following LMAT.*”

Several techniques have been proposed for LMAT,
including bone trough, bone plugs, and soft-tissue
techniques.'”'" Osseous fixation of the anterior and
posterior roots has demonstrated increased stability,
improved outcomes, and long-term survival.'”'> We
present a technique for LMAT using bone plugs. This
technique allows for osseus fixation through standard
arthroscopy portals with limited soft-tissue dissection.

Surgical Technique

Indications and Contraindications

The indications and contraindications for this
procedure are outlined in Table 1. The ideal candidate is
a young patient with joint line pain resulting from total
lateral meniscectomy, minimal cartilage degeneration,
and normal alignment.'®'” Although prophylactic
transplantation has been considered for asymptomatic
patients, this is not routinely performed.'® The main
contraindication to LMAT is severe articular cartilage
damage in the meniscal-deficient compartment.'’

Graft Selection and Preparation

Our method for LMAT is demonstrated in Video 1.
Fresh-frozen and nonirradiated grafts are preferred for
LMAT.”? Preoperative allograft sizing is essential to
ensure that the graft can be anatomically reduced
within the donor lateral compartment. The method
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Table 1. Indications and Contraindications to Lateral Meniscal Allograft Transplant'”

Absolute Indications Indications

Contraindications Absolute Contraindications

Complete meniscal deficiency in a
young, healthy patient with
good articular cartilage status
(grade II or better)

Complete meniscal deficiency in a
young, healthy patient with
grade III or better articular
cartilage

Advanced, diffuse chondral
degeneration

Age >50 years

Unaddressed cruciate
insufficiency
Unaddressed malalignment

Skeletal immaturity

Synovial disease or inflammatory
arthritis
Obesity (body mass index >35)

used was originally described by Pollard et al.”' This
method has a reported size mismatch of less than 5%,
and its use has previously been described for medial
meniscus allograft transplantation using a bone plug
technique.??

Special equipment is required for this procedure
(Table 2). An oscillating saw, rongeur, and a rasp are
used to precisely create 7-mm cylindrical bone plugs at
the anterior and posterior meniscal roots (Fig 1 A and B).
Sizing is confirmed using the sizing block (Arthrex,
Naples, FL) before proceeding to ensure easy reduction
into the 8-mm tibial sockets. A self-locking traction su-
ture is then advanced from distal to proximal, through
the meniscus and then back from proximal to distal. This
suture is used for transtibial pull-through fixation at the
anteromedial tibia (Fig 1C).

Patient Positioning and Visualization

In addition to standard arthroscopy instrumentation,
additional specialized equipment is required to perform
this technique (Table 2). The patient is positioned su-
pine. Bilateral examination of the knee is performed to
determine ligament stability and range of motion. The
operative extremity is prepped and draped in the usual
fashion for knee arthroscopy. A vertical anterolateral
viewing portal is established. The knee is positioned in
figure-of-4 while establishing the anteromedial portal

Table 2. Equipment Required to Perform a Lateral Meniscus
Allograft Transplantation Using the Bone Plug Technique

Special Equipment required for lateral meniscal allograft
transplantation
Graft preparation:
- Oscillating saw
- No. 15 blade knife
- Ronguer
- No. 2 FiberWire with Straight Needle (x2)
Transtibial meniscal root fixation:
- Variable angle transtibial meniscal root drill guide
- 8-mm FlipCutter Retrograde Reamer
- No. 2 TigerStick Suture (x2)
- KingFisher Retriever/Grasper
- 5.5-mm SwiveLock Anchor
Meniscal suturing:
- No. 2-0 FiberWire Meniscal Repair Needles
- Meniscal Repair Joystick Instrument Set System
- Spoon

under direct visualization. A spinal needle is used to
confirm the correct portal trajectory allowing easy
access to the lateral meniscal roots and peripheral
capsule prior to incision. When performing an LMAT,
adequate visualization and easy instrument passage are
critical. Visualization is optimized using a shaver and
cautery to remove part of the patellar fat pad. A diag-
nostic arthroscopy is performed paying special attention
to the amount of remaining meniscus present and the
condition of the cartilage for prognostic purposes.

Graft Site Preparation

Donor site preparation is performed systematically.
The remaining meniscus is debrided using a 3.5-mm
shaver (Arthrex) followed by a meniscal rasp. A 1- to
2-mm remnant of stable bleeding meniscus is left in situ.
Secure fixation to the functional meniscal rim in
conjunction with anterior and posterior horn fixation is
capable of withstanding hoop stresses under axial load.””
The anatomic attachment sites for the meniscal roots are
identified and marked with an Arthrowand (Smith &
Nephew, ArthroCare, Austin, TX). A calibrated probe is
inserted and a distance of 18 mm or greater is
confirmed. This ensures a 10-mm bony bridge remains
after 8-mm-diameter sockets are drilled for the anterior
and posterior bone blocks.

Creation of Tibial Bone Sockets

After adequate visualization has been obtained, the
posterior tibial sockets is created. A 2- to 3-cm incision
is made just proximal and medial to the tibial tuberos-
ity. Dissection is carried down to the bone. It is critical
to have complete visualization of the anterior tibia to
prevent tunnel coalition. The use of a tibial guide that is
precontoured to the femoral condyle ensures accurate
tunnel placement with minimal torque.

The tibial drill guide is inserted through the antero-
lateral portal and visualized through the anteromedial
portal (Fig 2A). The guide tip is placed at the center of
the posterior meniscal root footprint just off the articular
surface. The guide is set to 50° angulation. A 2.4-mm
wire is advanced through the inner cannula to the tip
of the guide. The drill guide is then carefully removed.
The outer cannula is impacted into the anterior cortex of
the tibia. A 3.5-mm-diameter FlipCutter (Arthrex) is
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Fig 1. Lateral meniscus allograft transplant graft preparations (A) Size-matched, fresh-frozen graft. (B) Sizing bone blocks to
7 mm (solid arrow). (C) Final graft after placement of fixation sutures.

drilled through the cannula in the same trajectory as the
2.5-mm wire. The FlipCutter (Arthrex) is converted to
an 8.0-mm reamer under direct arthroscopic visualiza-
tion. The tibia is retro-drilled 10 mm. The FlipCutter is
advanced back into the joint, converted back to a
3.5-mm diameter drill, and removed from the tibia. A
no. 2 TigerStick suture (Arthrex) is advanced through
the tibial tunnel and the FiberWire passing suture is
retrieved through the lateral portal.

The anterior meniscal root transtibial socket requires
careful planning to prevent tunnel coalition. Four steps
are performed to ensure this does not occur. First, the
transtibial drill guide is positioned in the anteromedial
portal while viewing through the anterolateral portal
(Fig 2B). Second, the angulation on the guide is
changed from 50° to 70°. Third, the tibial start point is
directly visualized to be superomedial to the previous
drill hole on the anteromedial face of the tibial cortex. If
the anterior tibial cortex cannot be easily visualized, the
incision is enlarged. Last, the intraarticular position is
18 mm anterior to the center of the posterior tunnel (or
14 mm anterior to the anterior edge of the previously
drilled tunnel). If these steps are performed, tunnel
coalition will be avoided. The anterior tunnel is created
similarly to the posterior tunnel with an 8-mm
FlipCutter reamer (Arthrex) retro-reamed to a depth
of 10 mm.

Graft Passage

In preparation for graft passage, the anterior and
posterior shuttling sutures are retrieved through the
anterolateral portal together to prevent soft-tissue
bridge formation. Alternatively, a small cannula can
be used to pass the sutures avoiding a soft tissue bridge
and then removed. The anterolateral portal is expanded
to 2 to 3 cm in size to allow easy passage of the graft and
instrumentation during implantation. The posterior
root sutures are then shuttled through the tibial tunnel
leaving the graft extra-articular (Fig 3A). These sutures
are then used to apply mild traction while the posterior
root bone block and graft are advanced intra-articular
using a KingFisher retriever/grasper (Arthrex). While
viewing from the anteromedial portal, the bone block is
reduced into the poster socket (Fig 3B). This is then
repeated anteriorly. The anterior root sutures are
shuttled through the tibia. Tension is applied, and the
anterior bone block is advanced into the joint using a
KingFisher retriever/grasper. The free suture ends are
clamped over the anterior tibial cortex to maintain
tension during meniscal suturing.

Meniscal Suturing

A 5-cm posterolateral incision is made from the tip
of the fibula proximally in line with the iliotibial band.
Blunt dissection is carried down to expose the

Fig 2. Arthroscopy being performed on a patient’s right knee. Demonstrating anterior and posterior bone tunnel creation.

(A) Posterior tunnel drilling: the tibial guide is set to 50° and inserted through the anterolateral portal; the arthroscope is
positioned in the anteromedial portal. (B) Anterior tunnel drilling: the tibial guide is set to 70° and inserted through the
anteromedial portal; the arthroscope is positioned in the anterolateral portal.
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Fig 3. Passage of the graft into the right knee joint. (A) The posterior root sutures have been passed transtibial. Traction is applied
to assist with graft reduction. (B) A KingFisher retriever/grasper is then used to advance the bone block to an intra-articular

position near the tunnel.

iliotibial band and the biceps femoris. The interval
between these landmarks is developed exposing the
gastrocnemius muscle. A finger is placed anterior to
the gastrocnemius, and the ankle is plantarflexed and
dorsiflexed to confirm accurate positioning over the
posterolateral capsule. A spoon is placed into this
position. Blunt dissection is performed to connect the
posterolateral and anterolateral incisions subcutane-
ously. The anterior sutures will be retrieved in this
interval. Zone-specific cannulas are used to pass no.
2-0 FiberWire Meniscus Repair Needles (Arthrex).
While viewing from the anterolateral portal, the
meniscus is reduced and a suture is passed at the
midpoint of the meniscus marked during preparation.
Prior to tying, a probe is inserted and accurate
reduction is confirmed. Multiple superior and inferior
vertical mattress sutures are then placed until the
meniscus is stable throughout its circumference.

Tibial Fixation of Meniscal Root Sutures

Tibial fixation is obtained with a 4.75-mm Bio-
Composite SwiveLock anchor (Arthrex) with the leg in
full extension. A 2.4-mm guide pin is drilled 1 cm distal
to the 2 drill holes through the anteromedial tibial

Fig 4. Lateral meniscus allograft after transplantation viewing
from the anterolateral portal.

cortex. This pin is over-reamed with a 4.5-mm reamer
to a depth of 20 mm. The tibial cortex is tapped using a
4.5-mm tap. The 4 free ends of the meniscal sutures are
passed through the eyelet of the SwiveLock anchor
(Arthrex) and tension is applied. Accurate reduction is
confirmed arthroscopically and the anchor is advanced
into the reamed/taped tibial hole (Fig 4).

Rehabilitation

Weight bearing in full extension is limited to partial
weight bearing, and knee flexion is limited to 90° until
4 weeks after surgery. After 4 weeks, use of the brace is
discontinued and the patient may begin full weight
bearing and full knee range of motion. Knee loading at
flexion angles greater than 90° is not allowed until
4 months postoperatively, at which point patients are
typically allowed to return to activity as tolerated.

Discussion

Complete lateral meniscectomy has been shown to
result in early osteoarthritis and functional limitations.
This is thought to occur as a result of the increased
tibiofemoral contact pressures in the lateral compart-
ment.”* LMAT has been shown to reduce these contact
pressures back to near normal values.” Furthermore,
clinical outcomes following LMAT have demonstrated
satisfactory functional outcome with acceptable
long-term survival.'>?> LMAT is a viable surgical option
for the lateral meniscus—deficient knee and has been
shown to be a safe and effective procedure.'**°

Although the overall outcomes following LMAT are
promising, poor outcomes have been reported in the
presence of concomitant pathology, including full-
thickness cartilage lesions. These associated pathologies
can result in rapid failure of the LMAT and often result
in revision surgery.”” Similarly, when an isolated ACL
reconstruction is performed in a meniscus-deficient
knee, the meniscal deficiency has been shown to
cause instability and may cause increased graft strain
following ACL in reconstruction.”® These findings
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Table 3. Advantages and Disadvantages of the Bone Plug
Technique for Lateral Meniscal Allograft Transplant

Advantages Disadvantages

Osseous integration
Minimally invasive

Requires accurate bone plug preparation

Bone plug reduction is technically
challenging

Anatomic spacing between roots must be
determined arthroscopically

Cortical fixation

highlight the importance of adopting strict surgical
indications and simultaneously correcting concomitant
pathology (osteotomies, ligament reconstruction, or
cartilage procedures) where indicated to optimize
outcomes and graft longevity.

Several surgical techniques have been described for
LMAT including the soft tissue, bone trough, and bone
plug techniques.'”"'" The soft tissue technique has the
advantage of being less technically challenging for
graft preparation and passage when compared to
osseous techniques. However, cadaveric testing has
shown that bone fixation more closely reproduces
the normal function of the meniscus.”” In addition,
the rate of satisfactory functional outcomes following
LMAT with bony fixation is significantly greater than
that reported for soft-tissue fixation.’’ Advantages and
disadvantages of the bone plug technique can be seen
in Table 3.

Currently the most widely used technique for LMAT is
the bone trough technique. This technique maintains

Table 4. Pearls and Pitfalls

Pearls Pitfalls

Create a large anterolateral
portal to ensure easy
passage of instrumentation
and graft throughout the
procedure

Failure to adequately expose
the posterolateral capsule
and protect posterior
structures; places
neurovascular structures at
risk of injury

Transtibial fixation in patients
with open physis can lead to
growth arrest

Leave a 1-mm peripheral rim
of normal meniscus to aid in
obtaining secure allograft
fixation and prevent
extrusion

Prevent tunnel coalition by
exposing the anterior tibial
cortex, drill from different
portals, set the drill guide to
different angles, and
maximize the distance
between anatomic root
positions

With the meniscal bone blocks

Fixation failure can occur if
the patient is not able to
comply with the
rehabilitation protocol

Failure to identify/address

reduced, clamp the
transtibial sutures and place
1 (or 2) central sutures
through the premarked
meniscal body; confirm an
accurate reduction before
knot-tying

concomitant pathology (i.e.,
ligamentous instability;
full-thickness cartilage
defects) will lead to poor
outcome
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both the anterior and posterior meniscal roots on a single
bone trough, providing inherent stability and anatomic
spacing.' ' However, this technique necessitates an
arthrotomy, requires precise bone resection, and
ultimately relies on a compression fit.'*>"

The bone plug technique described in this article
maintains the advantages of osseous integration and
graft stability while providing several advantages
(Table 4). First, it can be performed arthroscopically
through small incisions. Second, cortical fixation is
obtained on the anteromedial tibia to prevent graft
displacement. Third, this technique provides technical
familiarity to surgeons currently performing medial
meniscus allograft transplantation using bone plugs and
transtibial meniscal root repairs. LMAT is a viable
option for the lateral meniscus—deficient knee. LMAT
provides patients with improved activity levels and
reduced pain scores. Optimal outcomes are achieved
when the surgical indications are followed and
concomitant pathology is addressed. The bone plug
technique allows for osseous integration of the LMAT
through a minimally invasive technique.
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