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Segmental Meniscus Allograft Transplantation
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Abstract: Meniscal tears treated with partial meniscectomies have been shown to significantly increase contract pressures
within the tibiofemoral joint, and a complete focal meniscal deficiency may render the entirety of the meniscus func-
tionally incompetent. Although various techniques of meniscal transplantation have been described, these techniques
may require the excision of a considerable amount of healthy meniscal tissue. Furthermore, failures continue to
frequently occur. Therefore, attempts to restoring normal knee kinematics and biomechanical forces are essential.
Segmental meniscus allograft transplantations may offer the advantage of a robust repair by both maintaining knee
biomechanics and biology while maximizing preservation of native meniscal tissue. Also, most meniscal deficiency in-
volves only a portion of the meniscus, and thus we developed this technique to segmentally transplant only the deficient
portion. The purpose of this Technical Note is to describe a technique of segmental medial meniscus allograft trans-
plantation in a patient with focal medial meniscus deficiency.
ntact menisci are important for normal knee kine-
1e8
Imatics and load-bearing characteristics. Meniscal

tears and subsequent partial meniscectomy have been
shown to significantly increase articular cartilage
contact pressures in the tibiofemoral joint, leading to
degenerative changes.5,7,9 Numerous studies have
documented the poor clinical outcomes that
occur subsequent to partial and complete meniscec-
tomy.2,4,9-12

To prevent knee arthritis after partial or complete
meniscal excision, focus has turned to restoring normal
knee kinematics and biomechanical forces through
meniscal transplantation and/or meniscal scaffold
insertion (Table 1).5,9,13-20 Biomechanical
characteristics of knees with meniscal allograft
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transplantation have been reported to resemble native
knee-loading characteristics. However, in some pa-
tients, significant amounts of native meniscal tissue
with proprioceptive capacity must be excised to
perform a complete meniscal transplantation.14-20

Furthermore, survival rates greater than 10 years for
meniscal transplantation have been reported to be
only 52%.21 In some instances, meniscal scaffolds
have been used for focal meniscal deficiency, but
despite favorable short-term results, scaffolds have not
yielded long-term regeneration of functional meniscal
tissue or prevented osteoarthritis.22,23 Implantation of a
segmental meniscal allograft in this setting has the
potential to more closely replicate native knee biome-
chanics and biology while preserving as much native
tissue as possible (Table 1).14,24

The purpose of this Technical Note is to present the
surgical technique for segmental medial meniscus
allograft transplantation in a patient with focal medial
meniscus deficiency.
Surgical Technique

Indications
Segmental meniscal transplant may be indicated in

symptomatic patients with a focal meniscal defect, as
may be seen after a prior meniscectomy. Contraindi-
cations include uncorrected alignment, unaddressed
ligamentous instability, and bipolar chondral defects
within the compartment. A proper physical
3 (March), 2021: pp e697-e703 e697
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Table 1. Advantages and Disadvantages of Segmental Meniscus Allograft Transplantation

Advantages Disadvantages

Intact portions of the meniscus are not sacrificed Technique is limited to focal meniscal deficiency;
not suitable for patients with global meniscal
deficiency

Restoration of contact pressure and area within the
medial compartment at time zero

Long-term clinical results not yet available

Preserved mechanoreceptors within the native
meniscus may improve proprioception and joint
homeostasis

Risk of failure at the allograft-native meniscal
interface

The segmental meniscal transplant may be firmly
secured with suture anchors at the junction of
allograft-native meniscus

There is a possibility that the meniscus may become
overtethered when using suture anchors in the
lateral compartment
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examination should verify that the patient’s pain cor-
responds with the findings of imaging and arthroscopy,
such that a patient is not unnecessarily subjected to a
procedure with a lengthy recovery without benefit.

Patient Evaluation
Prior to proceeding with any form of meniscal trans-

plant, the authors obtain long-leg standing alignment
films and magnetic resonance imaging (MRI), and they
perform a primary staging arthroscopy and debride-
ment. Alignment, meniscal status, chondral lesions, and
ligamentous status are assessed, such that these may be
addressed concurrently to prevent additional modes of
meniscal failure. Commonly, patients with focal defi-
ciency may have undergone several prior surgeries. A
complete surgical history should be obtained. In the
setting of prior ligamentous reconstruction, physical
exam, MRI, and arthroscopy should verify intact liga-
ments and a stable knee. Close inspection of the adja-
cent cartilage should be performed, as coexisting
chondral lesions may be commonly encountered. Long-
leg standing alignment films may also demonstrate
malalignment; this requires correction to avoid over-
loading the area of transplanted meniscus.

Surgical Technique
Our surgical technique is presented in Video 1. MRI

and arthroscopy performed prior to the procedure
Table 2. Pearls and Pitfalls of Segmental Meniscus Allograft Tran

Pearls

Use spinal needle to identify anterior and posterior extents
of the defect for careful arthrotomy planning

Prepass sutures through the graft to aid with inside-out
repair to capsule

Use arthroscopic knot pusher to aid in gentle reduction of
the graft into position of the defect

Use anchor (such as 3.0-mm shoulder labrum anchors)
fixation for secure attachment to tibial plateau

Meticulous preparation to native unaffected meniscus
with accurate sizing via arthroscopic ruler
demonstrated an intact anterior cruciate ligament graft.
A segmental medial meniscal defect was identified, as
were associated chondral lesions of the medial femoral
condyle, and significant varus malalignment. Accord-
ingly, a segmental medial meniscal transplant was
planned to be performed concordantly with a valgus-
producing opening-wedge high tibial osteotomy
(HTO), as well as medial femoral condyle osteochondral
allografting (MFC OCA).

Diagnostic Arthroscopy
Before the segmental meniscal transplantation, a

standard diagnostic arthroscopy is performed. This
essential step is performed to ensure that there has been
no additional meniscal loss or damage that would
compromise the segmental allograft transplant (Table 2).
When that the area of meniscal deficiency is found to
excurse beyond the middle body of the meniscus, a total
meniscal transplant may be indicated. In the case pre-
sented, diagnostic arthroscopy was performed via 2
standard subcutaneous anteroinferior portals through a
central, midline incision used for both the HTO and MFC
OCA. The meniscal defect was measured to be 20 mm,
which was believed to be within the acceptable range for
a segmental transplant (Fig 1). As a caveat: if an HTO is
to be performed, this is completed prior to addressing the
meniscus, whereas OCA is completed after the
segmental meniscal transplant.
splantation

Pitfalls

Prevent additional modes of meniscal failure by
concurrently addressing malalignment, ligamentous
deficiency, or cartilage lesions

Careful measurement must be performed along the
periphery of the defect to prevent undersizing of the
graft

Failure to obtain an adequate bite of posterior meniscal
remnant may cause suture pullout when shuttling graft
into place



Fig 1. Diagnostic arthroscopy viewing from the anterolateral
portal shows a radial degenerative tear of the meniscus with
healthy meniscus anterior and posterior to it. Rather than
performing a near-total meniscectomy, a segmental portion
can be removed and prepared for a segmental transplantation.
The patient is positioned supine on the operating room table.

Fig 2. With the arthroscope in the anterolateral portal, a
spinal needle is used for localization of the segmental trans-
plant location. A small medial parapatellar arthrotomy is
made.

Fig 3. After preparation of the recipient site is complete and
the defect measured, the allograft meniscus is marked to the
same size on the back table.
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Arthrotomy and Meniscal Remnant Excision
The area of meniscal deficiency is then identified in

an outside-in fashion using an 18-gauge spinal needle
(Fig 2, Table 2). Two needles are used to approximate
both the anterior and posterior extents of the defect.
Particular attention must be paid to the posterior extent
of the defect, and the arthrotomy must be performed in
a location where the posterior remnant will be acces-
sible. An approximately 3-cm arthrotomy is made
medially within the knee capsule near the anterior
aspect of the defect. The joint capsule is opened to
reveal the deficient meniscus of the medial body. A No.
15 blade is used to excise the identified meniscal
remnant, with careful dissection to avoid injury to the
intact meniscus. The defect is again measured around
the peripheral rim of the deficient meniscus, ensuring
that the graft will be of proper size when prepared.
After careful verification of the deficient area to be
transplanted, the allograft is prepared on the back table.

Segmental Allograft Preparation
The meniscal allograft is sized on the back table

(Fig 3). In the presented case, this was performed by
taking a 2-cm wedge from the body of a cadaver
meniscus. This segment is marked with a sterile ruler,
so that anterior and posterior and tibial sides are
evident (Fig 4). After confirmation of measurements,
the segmental allograft is excised from the donor using
a No. 15 blade (Fig 5). Subsequently, 5 vertical mattress
sutures are placed around the periphery of the meniscal
graft in preparation for future passage through the
capsule (Fig 6, Table 2). We find a self-passing arthro-
scopic suture device to be ideal for this task. In addition,
2 sutures are placed in the posterior remnant of the



Fig 4. The allograft meniscus is measured along its periphery,
verifying appropriate size for the segmental transplant. This
measurement should equal the measured defect size at the
periphery of the focal defect.

Fig 6. While still on the back table, 5 vertical mattress sutures
are then passed through the peripheral portion of the
meniscus in preparation for the later outside-in repair over
the capsule, as well as through the native meniscus. The au-
thors find the use of an arthroscopic suture passer to be ideal
for this task. In addition, 2 sutures were placed in the poste-
rior aspect of the intact meniscus for repair.
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native meniscus; care must be taken to obtain an
adequate capture of the intact meniscus, as these su-
tures will eventually be used to shuttle the graft into
place. These sutures are then passed through the cor-
responding posterior aspect of the graft (Fig 7).

Graft Delivery and Fixation
The allograft meniscus is then passed through the

medial arthrotomy and parachuted down the sutures
previously attached to the posterior meniscus remnant,
using an arthroscopic knot pusher and tension slide
technique (Fig 8, Table 2). These sutures are tied to
securely affix the segmental allograft transplant
Fig 5. The allograft meniscus is cut to the appropriate size for
the segmental transplantation. A No. 15 blade is used, while
the assistant carefully stabilizes the graft.
posteriorly via a horizontal mattress (side-to-side
nature meniscus). Following this, a self-passing suture
device is used to pass the sutures from the graft pe-
riphery through the capsule for an inside-out-type
repair. These meniscocapsular sutures approximate
the meniscal graft to the capsule and along the course of
Fig 7. The graft is then moved to the operating table. The
sutures that were already passed through the native meniscus
are then passed with an arthroscopic suture passer through
the posterior portion of the segmental transplant.



Fig 8. An arthroscopic knot pusher is used to pass the
meniscus through the medial arthrotomy and tensioned
down, delivering the meniscus into the defect using a tension
slide technique. The knee may be flexed as needed to facilitate
delivery. An arthroscopic suture passer is then used to repair
the meniscal graft to the capsule along the course of the
arcuate ligaments. Additional inverted mattress sutures were
then placed at the anterior rim of the meniscus. For further
fixation, a 3-mm SutureTak knotless anchor (Arthrex, Naples,
FL, U.S.A.) was placed anteriorly.
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the periphery of the graft. Finally, the graft is evaluated
arthroscopically, and an additional high-strength suture
is used to affix the graft to anteriorly. This is again
performed with a self-passing suture device in a
mattress fashion. Afterward, a knotless anchor is placed
to secure the meniscus anteriorly to the tibial plateau
(Table 2). Again, the meniscus is evaluated arthro-
scopically for stability and continuity with the remnants
Fig 9. Final arthroscopic im-
ages viewed from the antero-
lateral portal after (A) suture
fixation through the capsule,
as done in an outside in
meniscal repair. (B) Sutures
are also seen tied to the adja-
cent anterior and posterior
native meniscus
of the anterior and posterior meniscus (Fig 9). An
additional repair of the arthrotomy site is the performed
with figure-of-8 absorbable sutures.
Discussion
As our understanding of normal meniscus function

has increased, so too have our efforts to preserve the
menisci. Several biomechanical studies have
demonstrated that partial medial meniscectomy creates
altered tibiofemoral compartment pressures and
loading characteristics.1,2,4,5,10,16,25,26 Given these
findings, several authors have gone to great lengths to
study methods of meniscus preservation, including
meniscal repair,6,7,9,13,18 meniscal allograft trans-
plantation,5,14-18,20,24 and meniscal scaffold trans-
plantation.21,22,27-37

Most meniscal treatment algorithms support meniscal
repair whenever meniscal tissue is amenable.38 How-
ever, focal meniscal loss is not an uncommon result of
failed meniscal repair or in tear patterns when repair is
not possible. In these cases, meniscal allograft trans-
plantation is a viable option, although current meniscal
allograft transplantation techniques can be challenging
and include complete excision of the native meniscus.
In some cases, this includes excision of healthy native
meniscal tissue adjacent to the focal meniscal
deficiency.
Several studies have reported that various intra-

articular components, including menisci, are sensate,
capable of generating neurosensory signals that reach
spinal, cerebellar, and higher central nervous system
levels.39-43 It is believed that these neurosensory signals
result in conscious perception and are important for
normal knee joint function and maintenance of tissue
homeostasis (Table 1).44 One concern with perform-
ing a total meniscectomy for meniscal allograft trans-
plantation is that it effectively removes all meniscal
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mechanoreceptors in that compartment, including
Ruffini endings, Pacinian corpuscles, and Golgi tendon
organs, which aid in proprioception and joint homeo-
stasis.39-41

Given these findings, attention has been turned to
meniscal preservation through segmental meniscal
scaffolds. Meniscal scaffolds generally come in 2 vari-
eties, a collagen-based implant28,30-35,37 and a
polyurethane-based scaffold.21,22,27,29,36 The 2 available
implants are the Collagen Meniscal Implant (CMI; Ivy
Sports Medicine, Gräfelfing, Germany) and Actifit
polyurethane scaffold (Actifit; Orteq Ltd, London, UK).
Rates of success have been variable with both scaffold
implants, with failure rates ranging from 0% to 38% at
4 years.22 Long-term results have been less predictable.
It has been reported that meniscal scaffolds may
become nonfunctional due to fragmentation,
shrinkage, and extrusion, which may result in failure to
increase articular cartilage coverage, reduce peak pres-
sure, and achieve a balanced load distribution.22

Nyland et al.24 first evaluated segmental meniscus
allograft transplantation in a bovine knee cadaveric
model, looking for an alternative to meniscal scaffolds.
They found that segmental meniscal allograft trans-
plantation in bovine knees restored native knee contact
pressures in the tibiofemoral joint. Unpublished biome-
chanical data from the senior authors’ institution have
demonstrated that segmental medial meniscus allograft
transplantation in human knees restores medial
compartment mean contact pressure and mean contact
area. Although further investigation is needed, these
data suggest that segmental medial meniscus trans-
plantation may be a reasonable treatment alternative for
patients with focal medial meniscus deficiency.
Limitations of this technique include the lack of long-

term follow-up after segmental meniscal transplant.
Moreover, this technique may not be suitable for
treatment of patients with large areas of meniscal
deficiency; these patients may be better served with a
traditional meniscal transplant. Otherwise, limitations
mirror those seen with complete meniscal transplant.
Patients with frank arthritic changes within the
compartment of interest or bipolar chondral lesions
may not be suitable candidates. Specific risks of
segmental meniscal transplant include the possibility
that the allograft may not integrate with the native
meniscus. When using suture anchors to secure the
meniscus to the tibial plateau, there is also a theoretical
possibility of overtethering the meniscus, particularly in
the lateral compartment.
The purpose of this Technical Note is to present the

surgical technique for segmental medial meniscus
allograft transplantation in a patient with focal medial
meniscus deficiency.
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