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Abstract: The meniscal allograft transplantation (MAT) has been reported to be an effective treatment in terms of pain
relief and functional improvement in symptomatic meniscus-deficient knee. The medial MAT is usually performed with
the bone plug technique or soft tissue fixation for root fixation. We describe medial MAT with modified bone plug
technique that permits easy passage of posterior bone plugs and facilitates bone-to-bone healing. With this method, an
anterior bone plug with a long cylindrical shape is prepared, and the posterior bone plug is prepared with a flat bone shell
containing a cancellous portion. This modified technique facilitates graft passage as well as bone-to-bone healing.

Numerous biomechanical, clinical review studies
about meniscal allograft transplantation (MAT)
have been reported, and most of them have revealed
that MAT improved knee function and symptoms
in meniscus-deficient knee."* MAT has been
implemented with various surgical techniques, which
have been categorized into soft tissue fixation and
bone plug fixation techniques.'””” The medial and
lateral sides have distinct anatomic and biomechanical
characteristics; there is less mobility and a longer
distance between the anterior and posterior roots in
the medial meniscus.®'’ Hence, medial MAT has
been preferred for bone plug fixation for anterior and
posterior roots,” "' and it has been supported by the
fact that bone fixation leads to better results than soft
tissue fixation.'”

However, passing the 10 x 10-mm cylindrical bone
plugs of the posterior horn into the knee is technically
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demanding in patients with tight medial compartments,
because the medial femoral condyle often obstructs the
approach to the posterior portion of the knee joint
during arthroscopic procedures. Even though soft tissue
alone is technically easier, several studies have reported
that load transmission is superior when the graft is
secured with bone.'*"’

Our modified bone plug technique was designed to
allow an easy passage for the posterior root of the
allograft by reducing the size of the bone plug rather
than making a large tibial tunnel to fix the posterior
root. We describe an effective surgical technique of
arthroscopic medial MAT using a modified bone plug
and small tibial tunnel without creating an additional
bone tunnel as with soft tissue fixation (Video 1).

Surgical Technique
The surgical indications and contraindications are
listed in Table 1. Table 2 describes the advantages and
disadvantages, and Table 3 presents the pitfalls and tips
of the present technique.

Intra-articular Preparation and Skin Incision

The arthroscope is introduced through the antero-
lateral portal, and a thorough examination is
performed. After diagnostic arthroscopy, a 3-cm longi-
tudinal skin incision is made at the anteromedial aspect
of the proximal tibia, and superficial medial collateral
ligament release is performed using a periosteum
elevator to widen the medial compartment opening,
which provides better visualization and working space
as described in previous published methods.'* "’
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Table 1. Medial Meniscal Allograft Transplantation
Indications

Indications

Age: between 20 and 45 years

Body mass index <30

Symptomatic knee more than 1 year after previous total or subtotal
meniscectomy

Outerbridge classification of less than grade 3, repairable focal grade 4

Kellgren-Lawrence grade I or II, some salvage cases for grade III

Symmetric alignment (<3°)

Ability to endure a relatively high-demand activity

The remnant meniscus is arthroscopically resected,
leaving 1 to 2 mm of bleeding at the peripheral rim, and
the exact anterior and posterior root attachments are
marked using electrocautery (ArthroCare, Austin, TX).
Viewing from the anterolateral portal with instruments
inserted through the anteromedial portal, the footprint
of the posterior root is re-marked by electrocautery and
decorticated at a diameter of about 10 mm and a depth
of 5 mm using a curette until the subchondral bone is
exposed (Fig 1). Then, a 4-cm anterior arthrotomy is
done just medial to the patellar tendon in line with the
previous anteromedial portal, and the footprint of the
anterior root is re-marked by electrocautery. Next, a
vertical incision is performed for routine posteromedial
approach to expose the posteromedial capsule releasing
from the medial head of the gastrocnemius, and to
repair the medial meniscal allograft later. An elevator is
used to release soft tissue adhesion between the ante-
romedial and posteromedial sides to make the same
interval. Finally, a 2-cm oblique incision is made on the
Gerdy tubercle for creating 2 tibial tunnels.

Tibial Tunnel Preparation for Root Attachments
The tibial tunnel to pull out of the posterior root
leading suture is made by drilling from the Gerdy tu-
bercle to the medial meniscus posterior root footprint
with an anterior cruciate ligament reconstruction tibial
tunnel guide (Linvatec) and the guide pin (Fig 2). A
suture-passing wire with the loop positioned anteriorly
is inserted through the posterior tibial tunnel, and the
suture-passing wire is retrieved through the anterior
arthrotomy incision. Through an anterior arthrotomy, 2
suture-passing wires with the loop positioned posteri-
orly for the guide suture are passed via the poster-
omedial capsule in an inside-to-out fashion superior

Table 2. Advantages and Disadvantages
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and inferior to the remnant medial meniscus (Fig 3),
and the ends of the suture-passing wires are held by
Kelly clamps. The footprint of the anterior root is
visualized from the anterior arthrotomy site, and the
anterior bone plug tunnel (10 mm in diameter, 15 mm
in depth) is created under direct visualization using a
guide pin followed by a 10-mm reamer (Fig 4). After
reaming, a suture-passing wire with the loop positioned
anteriorly is inserted through the exit of the anterior
tibial tunnel on the Gerdy tubercle, and the suture-
passing wire is retrieved through the anterior arthrot-
omy incision.

Graft Preparation

Fresh-frozen and nonirradiated grafts are used in all
cases, and graft size is determined preoperatively on
anteroposterior and lateral radiographs with a scano-
gram for correction of magnification, as described by a
previous article.'® This modified method of measure-
ment has been estimated to reduce the graft size by 5%
compared with the method by Pollard et al,'” which
decreases the percentage of meniscal extrusion after
MAT without any adverse outcome clinically or
radiographically.’® An 8-mm-diameter, 8-mm-deep
cylindrical anterior bone plug and an 8-mm-diameter,
2-mm-deep posterior bone shell are cored from the
meniscal allograft (Fig 5). A 1-mm drill bit is used to
create a suture hole in each bone plug, and a no. 5
Ethibond (Ethicon, Somerville, NJ) is inserted through
the hole of each bone plug. Anterior and posterior
horns including bone are sutured with no. 5 Ethibond
by placing a baseball stitch (Fig 5). The posterior guide
suture is placed 10 mm medially from the posterior
bone plug for later traction and spreading using no. 2
Ethibond (Fig 5).

Allograft Insertion and Fixation

The graft, with leading sutures and guide suture
connected to the loop of each suture-passing wire, is
inserted into the joint through the anterior arthrotomy
by pulling out the opposite side of the loop of the
suture-passing wire. Under arthroscopic guide, the
posterior bone shell and the anterior bone plug of the
graft are reduced into the root insertion under traction
of the posterior guide suture through the capsule, and
the whole medial meniscus allograft is spread evenly.
Occasionally, graft passage is facilitated by applying

Advantages

Disadvantages

1. Easy fixation of the posterior bone plug is possible in the tight
medial compartment.

2. Secure fixation is achieved through bone-to-bone healing.

3. Only the posterior bone socket rather than the transtibial tunnel is
needed.

1. There would be still concern about healing potential between the
posterior bone shell of the graft and bone.

2. Making 2-mm-deep posterior bone shell is sometimes technically
demanding and learning curve is in play.
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Table 3. Pitfalls and Tips

Pitfalls Tips

1. It is difficult to make a 1. The posterior bone plug is
posterior root footprint in the reduced for the bone shell
anatomic position and secure containing cancellous bone.
the graft through a tight 2. Superficial medial collateral
posteromedial joint space. ligament release is performed

2. Sometimes, the posterior root using a periosteum elevator to
of the allograft is bent and obtain increased medial
loosened after fixation. compartment opening.

3. Leading suture of bone plug is
pulled out via the anterolateral
side of tibia to provide firm
fixation.

valgus stress and cyclic loading. Then, the anterior and
posterior bone plug stitches are tied firmly together on
the anterolateral tibial cortex.

Viewing from the anterolateral portal, the posterior
one-third and middle horn are repaired with 2 superior
and 1 inferior obliquely arranged sutures in an inside-
out fashion with double-armed needles containing
nonabsorbable suture materials. Then, the leading su-
tures are tied on the anterolateral tibial cortex. This
repair procedure allows the allograft to secure to the
remnant meniscus and the capsule firmly. The anterior
one-third is repaired with 3 or 4 direct sutures using no.
2 polydioxanone (Ethicon) through the anterior
arthrotomy in an outside-in fashion. Once graft fixation
is confirmed with arthroscopy, the sutures are ligated.
A final arthroscopic evaluation is performed to confirm
the fixed posterior and anterior roots and tension of the
entire medial meniscus (Fig 6).

Fig 1. Viewing from the anterolateral portal, a tibial socket
(black arrow), with a diameter of about 10 mm and a depth of
5 mm, for posterior bone shell fixation is made using a curette
until subchondral bone is exposed via the anteromedial portal
on the left knee.
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Fig 2. Viewing from the anterolateral portal, the tibial tunnel
for the posterior root leading suture is created by drilling from
the Gerdy tubercle to the posterior root footprint using
anterior cruciate ligament reconstruction (ACLR) tibial tunnel
guide (Linvatec) and the guide pin (white arrow) on the left
knee with valgus flexion at extension.

Discussion

The purpose of this Technical Note was to describe an
arthroscopic medial MAT with a modified bone plug
technique. The short- and midterm results of MAT have
been reported to be successful in terms of pain relief
and functional improvement."*® A recent systematic
review of MAT outcomes concluded that MAT
allowed return to the same level of sports in 75% to

Fig 3. Through an anteromedial arthrotomy, 2 suture-passing
wires with the loop positioned posteriorly for the posterior
traction suture are passed via the posteromedial capsule in an
inside-to-out fashion superior (black arrowhead) and inferior
(black arrow) of the remnant left medial meniscus viewing
from the anterolateral portal. The white arrow indicates the
suture-passing wire for the traction suture.
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Fig 4. The tibial tunnel for the anterior bone plug (10 mm in diameter, 15 mm in depth) is created under direct visualization
using a guide pin (A) (black arrow) followed by a 10-mm reamer (B) (white arrow) via an anteromedial arthrotomy on the

left knee.

85% of the patients at short- to midterm follow-up
(Level IV evidence), and might prevent progression of
cartilage damaged at long-term follow-up, but may not
prevent degeneration in previously healthy cartilage.”

Even though there has been debate on graft fixation
methods, it has been shown that the bone fixation is
superior to soft tissue fixation.'”'** Wang et al'’
compared the dynamic contact mechanics between
bone plug fixation and soft fixation in medial MAT
using 7 human cadaveric knees and concluded that the
mean contact stress significantly decreased with bone
plug fixation (5.0 = 0.7 MPa) but not with soft tissue
fixation (5.9 £ 0.7 MPa), and bone plug fixation
restored it closer to the intact condition. Abat et al'®
revealed that soft tissue fixation in medial MAT

(35.9% =+ 18.1%) showed a significantly higher degree
of meniscal extrusion than bone plug fixation (25.8% =+
16.2%) on magnetic resonance imaging at a minimum
3 years’ follow-up, although there was no influence on
the functional outcome. Kim et al’ reported that the
10-year survival rate was 98.0% (95% confidence in-
terval, 94.1%-100%), and the 15-year survival rate was
93.3% (95% confidence interval, 83.7%-100%) ac-
cording to the Kaplan-Meier analysis after MAT with
bone fixation technique. In addition, the medial
meniscus has lower mobility and has a larger ante-
roposterior diameter than the lateral meniscus®'’;
hence, bone plug fixation would be more beneficial
than soft tissue fixation for anterior and posterior
roots in medial MAT.” "

Posterior

Anterior

Fig 5. Meniscal allograft is prepared for medial meniscus transplantation with modified bone plug technique. (A) The posterior
bone plug (black arrowhead) measures 8 mm in diameter and 2 mm in depth, whereas the anterior bone plug (white arrowhead)
measures 8 mm in diameter and 8 mm in depth. Anterior and posterior leading sutures and posterior traction suture are placed
using no. 5 and no. 2 Ethibond. (B) Schema of medial meniscal allograft for the modified bone plug technique. The black arrow
and the white arrow indicate the posterior bone shell and anterior bone plug, respectively.
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Fig 6. Final arthroscopic
evaluation is performed to
confirm the fixed posterior
(A) and anterior (B) roots
and tension of the left entire
medial meniscus, viewing
from the anterolateral por-
tal. The black arrow shows
the firm fixed posterior
root, and the white arrow
represents the anterior
horn, which is well secured
to the capsule and anterior
root insertion.

The bone plug fixation technique commonly used
for medial MAT is technically challenging, because it is
difficult to make a posterior root footprint in the
anatomic position under arthroscopy and secure the
graft with a 10 X 10-mm cylindrical bone plug
through a tight posteromedial joint space. There has
been some efforts to overcome these problems
including reducing medial tibial spine with notch-
plasty,” and using a femoral distractor.”’ The alterna-
tive we prefer is a modified bone plug technique in
which the bone plug of the posterior root is reduced,
leaving a depth of only 2 mm of cancellous bone for
the bone shell. This technique is advantageous for easy
graft passage and bone-to-bone healing. Additionally,
the tibial plateau can be preserved for the concomitant
ligament reconstruction procedure as much as possible
to prevent converging tunnels, because a large and
long transtibial tunnel is not necessary with this
technique—which needs only a guide pin—drilled
tunnel to pull out the leading suture. The other thing
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the current authors have assumed is that leading
sutures of anterior and posterior bone plugs of the
medial meniscal allograft are pulled out via the ante-
rolateral side of the tibia, which could provide firmer
fixation than on the anteromedial side of the tibia
(Fig 7).

There would be concern about the healing potential
between the posterior bone shell of the graft and the
tibial plateau. Ha et al** reported that 83.3% of 22 cases
and 81.8% of 11 cases showed complete healing of the
posterior bone shell of the medial meniscus allograft on
magnetic resonance imaging and second-look arthros-
copy, respectively. They suggested that the healing
status between the posterior bone shell and the tibial
plateau was reliable.

In summary, the described arthroscopic medial MAT
with modified bone plug technique facilitates easy fix-
ation of the posterior bone plug, which is only a 2-mm-
deep flat bone shell containing cancellous bone and
bone-to-bone healing.

Fig 7. Leading sutures of anterior and posterior bone plugs of the left medial meniscal allograft are pulled out via the antero-
lateral side of the tibia (A), and it could provide more firm fixation than the anteromedial side of the tibia (B).
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