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Medial Meniscus Transplantation and
Bone-Tendon-Bone Anterior Cruciate
Ligament Reconstruction

ABSTRACT

Performing medial meniscus allograft transplantation in combination with

anterior cruciate ligament (ACL) reconstruction is technically demanding.

Medial meniscus allograft transplantation in combination with ACL

reconstruction may be indicated for patients with meniscal deficiency in

whomACL reconstruction has failed and patients with medial-sided knee

painsecondary tomeniscal deficiency incombinationwithACLdeficiency.

Despite the complex nature of this combined surgical procedure,

numerous studies have reported considerable clinical improvements at

midterm and long-term follow-up. This technique article describes the

indications, preoperative considerations, surgical technique,

postoperative rehabilitation, and outcomes of medial meniscus allograft

transplantation in combination with ACL reconstruction.

An intact medial meniscus is essential in maintaining anatomic strain
and displacement of the anterior cruciate ligament (ACL).1 Biome-
chanics studies have demonstrated that AP tibial translation is sub-

stantially increased in ACL-deficient knees. This AP translation is also
exacerbated by medial meniscus deficiency. For example, DePhillipo et al
reported a significant increase in translation at 30� and 90� after lesioning the
posterior horn of the medial meniscus. This finding has also been confirmed in a
clinical setting.2 Dejour et al reported that partial medial meniscectomies were a
risk factor for increased static and dynamic anterior tibial translation after ACL
reconstruction.2-7 In addition, medial meniscus deficiency can lead to an increase
of ACL graft strain, up to a 46% increase at 90�.1 This results in increased peak
cartilage loading and a posterior shift in contact location.6 Specifically, in an
ACL-deficient state, the medial cartilage contact location is moved posteriorly
by 2 mm.6 In additional biomechanics studies, meniscal allograft transplanta-
tion (MAT) has been shown to restore ACL graft strain to normal levels,
decrease AP tibial translation, and decrease tibiofemoral contact pressure.7,8

Clinically, studies have demonstratedmeniscal deficiency to be a risk factor
for ACL reconstruction failure and inferior postoperative clinical outcomes.
For example, Parkinson et al reported that medial meniscal deficiency was a
significant predictor of graft failure, with a hazard ratio of 15.1.9 In addition,
in a study evaluating ACL reconstructions in patients older than 50 years,
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medial meniscal lesions were found to be a risk factor for
poor functional outcomes.10 Similarly, Trojani et al found
that patients who had a conserved meniscus had signifi-
cantly higher International Knee Documentation Com-
mittee (IKDC) scores than those who underwent a total
meniscectomy.11 These studies illustrate the importance on
an intact meniscus on improving functional outcomes and
preventing ACL failure.

Patients who are ACL and meniscal deficient or pa-
tients with medial-sided knee pain secondary to meniscal
deficiency in combination with ACL deficiency may be
indicated for a MAT with concomitant ACL recon-
struction. This technique article describes the indications
and preoperative considerations in those indicated for a
MAT with ACL reconstruction. In addition, the full
surgical technique will be described in addition to post-
operative rehabilitation and clinical outcomes after
medial MAT in combination with ACL reconstruction.

Patient Evaluation
Medial MAT in combination with ACL reconstruction is
indicated in two primary patient scenarios. The first sce-
nario is a patient who lacks a secondary anterior transla-
tion restraint because ofmedialmeniscus deficiency and in
whom ACL reconstruction has failed. This scenario may
be the result of a previous complete meniscectomy or a
posterior root tear, the latter of which typically can be
repaired primarily. Typically, patients will have under-
gone an initial surgical procedure that involved the man-
agement of a medial bucket-handle meniscus tear that
resulted in completemedialmeniscectomyduring primary
ACL reconstruction. The failure of ACL grafts in these
patients is more commonly attributed to loosening rather
than an acute event not preceded by any abnormality. The
second scenario is a patient who has medial-sided knee
pain secondary to meniscal deficiency, with or without a
symptomatic tibiofemoral focal chondral defect, andACL
deficiency. Typically, surgeons allow these patients to
push through linear activities despite ACL deficiency to

determinewhethermedial-sidedmanagement is necessary
for pain relief.

Absolute contraindications toMAT in combinationwith
ACL reconstruction include severe osteoarthritis (Kellgren
andLawrence grade III and grade IV),Outerbridge grade IV
focal chondral defects of the tibiofemoral compartment that
are not amenable to cartilage repair, and femoral condyle
flattening. Relative contraindications include patients older
than 50 years. Body mass index (BMI) and activity partici-
pation should also be considered when making a preopera-
tive treatment plan. The senior authors do not use strict BMI
cutoffs, and patients are counseled on an individual basis
based on a variety of surgical risk factors including BMI.
However, patients at an increased age and low activity level
with a BMI.35 kg/m2 may be counseled against surgery
as a higher BMI has been associated with inferior clinical
outcomes after MAT.12 In addition, procedures to correct
malalignment, such as high tibial osteotomy and distal
femoral osteotomy, should be considered in patients with
varus or valgus alignment, respectively. Cartilage restora-
tion procedures, such as osteochondral allografting, also
may be necessary in patients with a medial tibiofemoral
focal chondral defect.

Clinical evaluation is necessary to determine whether
MAT in combination with ACL reconstruction is indi-
cated. The physical examination should focus on rota-
tional and AP laxity and should include a Lachman test
and a pivot shift test. Typically, patients with a deficient
medial meniscus and ACL have a grade 3 Lachman test
(.10 mm translation) and a pivot shift because of the
lack of a secondary restraint.13 Imaging studies should
include standard radiography (ie, AP, lateral, flexion,
andMerchant views), mechanical axis radiography, and
MRI. Tibiofemoral joint space narrowing, ACL tunnel
widening, and malalignment should be evaluated on
radiographs, and the status of the meniscus, cartilage,
and ACL should be assessed on MRI. For patients
with significant malalignment on a mechanical axis
radiograph, a distal femoral or high tibial osteotomy
may be considered for addressing valgus and varus
malalignment, respectively. The authors suggest
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performing the osteotomy as a combined procedure
with MAT and ACL instead of a staged procedure. If
concerns for tibial tunnel expansion or convergence
with the planned transplant trough exist based on
preoperative imaging studies, the tunnel should be
grafted (Table 1), and reconstruction should be per-
formed in a staged fashion.

Patient Positioning
The patient is positioned on the surgical table in the ACL
position with the knee bent, allowing for full flexion.
General anesthesia is administered. Preoperative
regional anesthesia is not suggested due to the potential
of quadriceps strength deficits after femoral nerve
block.14 Instead, a postoperatively nerve block can be
used as needed if the patient reports of continued pain.
An examination under anesthesia should be performed
to assess all ligamentous structures. The distal pole of
the patella, standard portal locations, and the incision
location for meniscal graft passage are marked. The
anteromedial tibial incision location also is marked.

Surgical Technique
Inferomedial and inferolateral portals are established,
and diagnostic arthroscopy is performed to evaluate the
medial and lateral compartments and the ligamentous
structures (Video 1). The presence and location of me-
niscal and cartilage pathology is confirmed.

Under visualization of the ACL, the graft remnant or
native ACL can be débrided. The femoral tunnel is ad-
dressed first via a standard approach for revision ACL
reconstruction because of extravasation. By addressing
the femoral tunnel first, less fluid extravasation occurs
during this portion of the procedure. A femoral tunnel
is then created through the inferomedial portal via
placement of an over-the-top guide followed by a Beath
pin. Reaming is then performed based on the graft size,
ensuring that a separate patent tunnel is created. In
patients with an adequately placed femoral tunnel, the
tunnel can be débridement and used for the revision
procedure.

Attention is then shifted to the tibial side, including
medialMATand tibial tunnel creation.Whenworking in
the medial compartment, trephination of the proximal

Table 1. Pearls and Pitfalls of Meniscal Allograft Transplantation and Concomitant Anterior Cruciate Ligament
Reconstruction

Pearls Pitfalls

Bone grafting may be considered in patients who have
undergone multiple prior ACL surgical procedures in whom
tunnel widening is observed on preoperative radiographs

Arthroscopic visualization of the posterior meniscus during
medial meniscectomy is imperative to ensure that the capsular
ligaments are left intact

Anteromedial meniscectomy may be difficult to perform
because of limited access; a No. 11 blade inserted through the
ipsilateral or contralateral portal can be used to create additional
surface area for removal via the shaver

The trajectory of the spinal needle must be compared with the
ACL footprint or tunnel convergence may occur

Meniscectomy should be performed as anterior as possible to
afford direct visualization for planning the trajectory of the
meniscal slot

The ACL femoral guide pin should be visualized to confirm little
to no tunnel overlap with the tibial slot, which may result in
tunnel convergence

Visualization of the extravasation of marrow elements during slot
reaming suggests proper reaming depth

Overlap between the ACL tibial tunnel and the tibial slot at the
cortical edge may result in considerable disruption of the
transplanted graft

Rasping of the slot with the use of a 7-mm and then 8-mm rasp
smooths the slot edges and confirms proper slot depth and
width

—

Soft tissue can be removed after reaming the tibial ACL tunnel to
assess the amount of overlap between the tunnel and the tibial
slot

—

Removal of a piece of the meniscus bone block may be
necessary to allow for unobstructed ACL graft passage

—

The meniscus graft can be tapered posteriorly to aid in overall
graft insertion

—

ACL = anterior cruciate ligament
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medial collateral ligament often improves visualization
of the posterior horn of the meniscus and for meniscal
troughpreparation. Trephinationof themedial collateral
ligament is performed using an 18-gauge spinal needle
while applying a valgus load to the knee. Although
reverse notchplastymay be helpful, the senior authors do
not think that it improves visualization as much as
trephination. The medial meniscus is then removed with
the use of a basket and a shaver for the posteriormeniscus
and a No. 11 scalpel for the anterior horn.

Determining the appropriate position of the mini-
arthrotomy for MAT is crucial. With the arthroscopic
camera in the inferolateral portal with the viewing direc-
tion at the anteromedial meniscus insertion, an 18-gauge
spinal needle is inserted into the location of the
planned mini-arthrotomy. Under arthroscopic visuali-
zation, the trajectory of the needle through the anterior
and posterior meniscus footprints is confirmed (Figure 1),
and the incision is created. Through this incision,
aggressive soft-tissue débridement is performed to visu-
alize the entire anterior meniscus footprint. The medial
tibial spine eminence is then removed with the use of a
rotary or linear rasp shaver to create space for the me-
niscal guide and create the slot. An over-the-top slot guide
is inserted in line with the anterior and posterior meniscus
footprints, ensuring that the guide is parallel to the tibial
plateau and rotated in line with the longitudinal axis of
the tibia. To avoid convergence between the ACL tibial
tunnel and the MAT slot, the tibial trough should be
cheated as far medial as possible while still intersecting
with both meniscus root insertions. This is typically at or
just medial to the medial tibial spine. After trough cre-
ation, the ACL tunnel typically abuts or intersects the
MAT trough by about ,20% to avoid damaging the
lateral meniscus root. To create the slot, the guide pin is
advanced, after which a 7-mm reamer is advanced. A
boxcutter, pituitary rongeur, shaver, and pick-up are
then used to remove and remaining osseous fragments to
complete the creation of the slot. A dilating 8-mm rasp
and a bone cutting shaver are used to complete prepa-
ration of the recipient slot (Figure 2).

A bone-patellar tendon-bone (BTB) ACL autograft is
prepared in a standard fashion based on the graft being
used. A BTB autograft is the author’s preference due to its
low failure rate and cost-effectiveness, although other
graft options can be considered including Achilles or BTB

Figure 2

Arthroscopic images of a knee show rasping of the tibial slot with the use of a 7-mm rasp followed by an 8-mm rasp. A, The rasp should
be flush with the tibial surface to ensure an appropriate bone slot depth. B, The subsequent tunnel should have smooth edges.

Figure 1

Arthroscopic image of a knee shows insertion of an 18-gauge
spinal needle to determine the location of themini-arthrotomy
for meniscal allograft transplantation. The trajectory of the
needle is visualized to ensure that it overlays the anterior and
posterior medial meniscus footprint with minimal overlap of
the anterior cruciate ligament footprint to ensure minimal
convergence.
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allograft.15,16 The tibial ACL tunnel is created via an
anteromedial approach; however, an anterolateral
approach can be used if concerns for tunnel convergence
exist. An elbow-type aimer aligned on the ACL footprint
can be used to advance the guide pin (Figure 3), taking
care to not place it too medially. A reamer is then
advanced over the guide pin, typically beginning with an
8-mm reamer and increasing to the final 10- to 11-mm
reamer; however, the reamer size depends on the size of
the bone plug and original tunnel. Small amounts of
overlap with the tibial tunnel may occur but will not result
in considerable adverse effects unless overlap is at the
cortical edge of the meniscal transplanted graft. The ACL
graft is then passed in a standard fashion and fixed to the
femur with the use of an interference screw. However, the
ACL graft also can be passed after the meniscal graft,
depending on the amount of overlap present. If the me-
niscal transplanted graft is passed before the ACL graft,
the reamer can be readvanced by hand to remove any
cancellous bone from the anterior aspect of the meniscal
transplant graft that may interfere with graft passage.

Twopassing stitches are then created for the bone plug
and soft tissue of the transplanted meniscal allograft. An
ACL aimer is inserted and aligned with the center of the
trough, and a guide pin followed by a reamer and stiff
suture or nitinol wire with suture are inserted into
this location. The suture is pulled out through the
centralmini-arthrotomy. The soft-tissue passing suture is
passed through the posteromedial aspect of the knee via a

standard inside-out meniscal approach as previously
described.17

The meniscal allograft is then prepared on the back
table. The rasp that was used to create the tibial tunnel is
aligned with the anterior and posterior meniscus insertions
along the meniscal allograft. A marker is used to mark and

Figure 3

Arthroscopic image of a knee shows creation of the tibial
anterior cruciate ligament tunnel. An elbow-type aimer is
placed in the center of the anterior cruciate ligament footprint,
and a guide pin is inserted.

Figure 4

Intraoperative photograph shows preparation of the
meniscus allograft on the back table. The rasp that was used
to create the tibial bone slot is used as a guide for marking
and scoring of the graft to an appropriate width. An anterior
cruciate ligament saw blade is then used to cut along this line.

Figure 5

Arthroscopic image of a knee shows the meniscal allograft
secured posteriorly via an all-inside technique. The peripheral
aspects of the graft are secured with the use of 8 to 10
vertical mattress sutures via an inside-out technique.
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score the slot width along the graft. An ACL saw blade is
used to cut along the marked line (Figure 4). The rasp is
then used to mark the depth on the graft, and an ACL saw
blade is used to cut along this line. Care should be taken to
not remove the tibial spine because the graft is more likely
to fracture in this area. The graft is assessed to ensure that
it fits in a 7- or 8-mm slot (width) and is approximately
1 cm in depth. The soft-tissue suture is then placed in the
posteromedial meniscus, and the bone bridge suture is
passed through the center of the bone bridge. The graft is
inserted into the joint by tensioning each suture individ-
ually. The graft is fixed posteriorly via an all-inside
technique and is fixed along the periphery with the use
of 8 to 10 vertical mattress sutures via an inside-out
technique (Figure 5). For the inside-out technique, once
in a proper position along the periphery of the meniscus,
the needle is advanced and punctured through the
meniscus.17 The needle is further slowly advanced out of
the posteromedial knee. A second needle is then inserted
through the meniscus in a vertical mattress configuration
and advanced, and the suture ends are knotted appro-
priately. The anterior portion is fixed through the anterior
arthrotomy to the capsule with the use of a No. 1 Vicryl
suture. The bone bridge is fixed transosseously via a
knotless suture anchor on the anteromedial tibia, using the
passing sutures. Separately, a suture anchor can be used as
an interference screw between the bone bridge and the slot.
Finally, the ACL graft is fixed at the tibia via an inter-
ference screw with the knee in maximal extension. Any
additional cartilage procedures, such as osteochondral
allografting, are then performed.

Postoperative Management
The patient’s leg is placed in a hinged knee brace that
allows motion from extension to 90� of flexion. Heel-
based partial weight bearing is allowed for the first
6 weeks postoperatively. Physical therapy is initiated
immediately postoperatively. From 6 to 12 weeks post-
operatively, use of the brace is discontinued, and full range
of motion and full weight bearing are allowed. After
12 weeks postoperatively, the focus of physical therapy
shifts to increasing strength via specific drills. Postopera-
tive rehabilitation may last as long as 6 to 18 months,
depending on procedure complexity and patient goals.

Discussion
The goal of this technique article was to describe a
surgical technique for performing MAT with concomi-

tant ACL reconstruction. Although many studies have
reported on clinical outcomes and survivorship of
MAT, the clinical outcome literature for MAT with
concomitant ACL remains limited. However, a few
studies have reported considerable improvements in the
clinical outcomes of patients who undergo MAT in
combination with ACL reconstruction as many as 20
years postoperatively.18,19 For example, Sekiya et al20

reported substantial improvements in the 36-Item
Short Form Survey (SF-36) scores and normal or near-
normal Lachman and pivot shift tests in 90% of pa-
tients at a follow-up of 2.8 years. In addition, Yoldas
et al21 reported no considerable difference in the
2.9-year patient-reported outcomes of patients who
underwent MAT in combination with ACL recon-
struction and those of patients who underwent isolated
MAT. In our institutional cohort of 40 patients at a
mean follow-up of 5.7 years, patients demonstrated
significant improvements on Lysholm, IKDC, Tegner,
and all Knee Injury and Osteoarthritis Outcome Scores
and Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC) subscores, except
WOMAC stiffness, at final follow-up compared with
baseline.22 The survival rate of MAT in combination
with ACL reconstruction was 80% at a mean follow-
up of 7.3 years.22 In addition, no significant de-
crease was found in joint space for the medial or lat-
eral tibiofemoral compartment for patients who
underwent a medial or lateral MAT, respectively.
Similarly, Zaffagini et al reported on a cohort of 46
patients who underwent MAT with ACL reconstruc-
tion.18 They reported significant improvements on
Lysholm, visual analog scale, and Tegner scores and a
5-year survivorship of 85%. In addition, they reported
an 85% return to sport rate; subgroup analysis
revealed a lower return to sport rate in those who
underwent a revision ACL (72% compared with 90%
of primary ACLs).

Despite improved outcomes and a low failure rate,
there is still a risk for postoperative complications. Pa-
tients are at risk for all usual surgical-related factors such
as bleeding and infection. In addition, patients after
ACL with MAT may experience persistent pain or stiff-
ness postoperatively.18 Furthermore, Saltzman et al23

reported that in their cohort analysis, the most common
subsequent procedure was débridement followed by
total knee arthroplasty, meniscectomy, and ACL
implant removal. Although complex and technically
challenging, MAT in combination with ACL recon-
struction has been demonstrated to significantly
improve patient clinical outcomes and should be
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considered when indicated. Watch the video trailer:
http://links.lww.com/JAAOS/10.5435/JAAOS-D-20-00363.
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