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Meniscus Allograft Transplantation Obtained From
Adult Patients Undergoing Total Knee Arthroplasty
May be Used for Younger Patients After Lateral

Discoid Meniscus Meniscectomy

Yuka Kimura, M.D., Yuji Yamamoto, M.D., Shizuka Sasaki, M.D., Eiji Sasaki, M.D.,

Tomoyuki Sasaki, M.D., Eiichi Tsuda, M.D., and Yasuyuki Ishibashi, M.D.
Purpose: To investigate the clinical outcomes following meniscus allograft transplantation (MAT) to replace removed
discoid lateral meniscus using intact lateral meniscus obtained from patients undergoing total knee arthroplasty for medial
compartment osteoarthritis. Methods: Pediatric patients who underwent MAT secondary to partial or total meniscec-
tomy due to discoid lateral meniscus between August 2010 and November 2018 were identified. Lateral menisci with bone
blocks were transplanted arthroscopically. The demographic data, range of motion, meniscal allograft failure, which was
defined as removal of an implanted meniscus, and complications were recorded. The Lysholm score and the Kellgren-
Lawrence (KL) grade on radiographs were evaluated preoperatively and at final follow-up. The Knee injury and
Osteoarthritis Outcome Score was evaluated in the final follow-up. Results: Eight patients who were symptomatic after
discoid lateral meniscectomy were included. Donated allografts were harvested from adult patients aged between 64 and
78 years (mean 70.5 years). The mean age at previous meniscectomy and MAT were 10.5 and 18.1 years, respectively. All
patients were followed up for a mean time of 5.2 years, and there were no cases of meniscus failure and complication. The
Lysholm score significantly improved from preoperative to the final follow-up. Preoperatively, 6 and 2 knees were of KL
grades II and III, respectively. At final follow-up, no increased KL grade was observed in 5 patients; however, an increase
by 1 grade was observed in 2 patients and an increase by 2 grades was observed in 1 patient. The Knee injury and
Osteoarthritis Outcome Scores at the final follow-up were 87.2 for pain, 87.9 for symptoms, 95.4 for activities of daily
living, 79.4 for sports, and 65.6 for quality of life. Conclusions: Older lateral meniscus allografts obtained from knees of
adult patients undergoing total knee arthroplasty and transplanted into younger patients with defects from discoid lateral
meniscectomy resulted in improved Lysholm scores but no improvement in Tegner scores or knee motion. KL grades were
unchanged in 5 of the 8 patients at the final follow-up. Level of Evidence: IV, therapeutic case series.
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previous study showed increased degenerative
Achanges in the knees after meniscus removal or
partial resection.1 Therefore, there has been an increased
emphasis on the importance of meniscal repair in pre-
venting osteoarthritis,2 and the currently it is recom-
mended to repair meniscal tears as much as possible to
preserve the meniscus. Patients with a symptomatic
discoid lateral meniscus (DLM) with evidence of tears or
instability usually require arthroscopic meniscectomy
with or without peripheral repair. A DLM is susceptible
to injuries associated with severe degeneration because
of its known vulnerability; therefore, in some cases, total
or subtotal meniscectomy has been performed, and this
could cause a meniscal deficiency.3,4

In young patients, meniscal loss following subtotal or
total meniscectomy can be devastating, leading to a loss
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in knee function, pain, and early onset of arthrosis.5

Advances in artificial meniscus implants and meniscal
regeneration offer the promise of restoring lost
meniscus function. However, any long-term preventive
effect on the development of knee osteoarthritis re-
mains controversial, and a surgical option has yet to be
established. Furthermore, a tendon autograft was
shown to be an unsuccessful substitute for an absent
lateral meniscus in cases of valgus knees with severe
degenerative lateral compartment arthritis.6

Meniscal allograft transplantation (MAT) is consid-
ered an effective treatment for pain relief and improved
knee joint function after a previous subtotal or total
meniscectomy in active and young patients.7-12

However, allograft tissues including menisci have
limited availability in certain countries where human
tissue banks are not yet established.13 Some patients
who undergo total knee arthroplasty (TKA) for medial
osteoarthritis have a good lateral meniscus, and this is
usually removed and discarded. The purpose of this
study was to investigate the clinical outcomes following
MAT to replace removed DLM using intact lateral
menisci obtained from patients who underwent TKA
for medial compartment osteoarthritis. It was hypoth-
esized that allograft meniscus obtained from patients
who had TKA would be an available option in MAT.

Methods
The study design was approved by the ethics com-

mittee of the institution (#2010-066), and all patients,
as well as their parents (for patients younger the age of
20 years) signed an informed consent document. This
retrospective cohort study was conducted between
August 2010 and November 2018. Patients who
underwent MAT following secondary to partial or total
meniscectomy due to DLM were enrolled in this study.
The inclusion criteria for this study were as follows:

patients with previous total or subtotal meniscectomy
for DLM, symptomatic meniscal insufficiency after
failure of conservative treatment, and a minimum
2- year follow-up duration. Patients were excluded if
they had contralateral knee injury, osteoarthritis above
KL4 or articular cartilage degeneration Internal Carti-
lage Repair Society grade IV, or combined ligament in-
juries, or a severe synovial reaction at the time of
surgery. All patients were clinically assessed for liga-
mentous stability, and knee radiographs confirmed the
closure of the proximal tibial and distal femur physis or
revealed the drop-out sign on T2-gradient-recalled echo
magnetic resonance imaging (MRI)14 before MAT.
Donated allografts were solicited from patients planned

for TKA for the treatment of medial knee osteoarthritis
who had no tear or degeneration in the lateral meniscus
on routine preoperative MRI. The donors underwent a
standard process inwhich awritten consent was obtained
and the procedure of donationwas explained; in addition,
donors were screened for transmissible infectious dis-
eases, including hepatitis, serological test, and treponema
pallidum antibody hemagglutination test for syphilis,
human T-cell leukemia virus type 1, and HIV. TKA was
performed following a routine medial parapatellar
approach. Tominimize the invasionof themeniscal tissue,
an electrical scalpel is not used, and the outer rim of
meniscus and cruciate ligaments were sharply cut using a
sharp-pointed knife. The tibial cut was made using an
extramedullary guide with the anterior and posterior
horns of the meniscus bound to the proximal part of the
tibia. After irrigation with normal saline, the harvested
menisciwereplaced in a sterilized securedplastic package.
Afterwards, they were fresh frozen at e80�C and not
irradiated.
For sizing the graft, plain radiographs of both the

donor and the recipient were obtained before surgery.
Graft sizing was performed by measuring the ante-
roposterior width and the lateral length of the tibial
plateau on plain radiographs.15 Mismatches within 3
mmwere allowed. Frozen allografts were thawed in the
saline solution containing polymyxin B using a sterile
technique. The bone blocks were created measuring
approximately 5 to 6 mm in diameter and 6 to 7 while
maintaining the attachment of the anterior and poste-
rior meniscal roots (Fig 1). Anterior, posterior, tibial,
Fig 1. A prepared meniscus from the right
knee with a bone block. (A) Femoral side, (B)
tibia side. A blue line was created to identify
the tibial side of the meniscus. The bone blocks
were created measuring approximately 5 to
6 mm in diameter and 6 to 7 mm in lengths
while maintaining the anterior (arrows) and
posterior meniscal root attachment



Fig 2. (A) Arthroscopic finding from lateral
portal of the right knee. (B) Tibial guide pin for
anterior and posterior foot prints of the lateral
meniscus and graft insertion. The tibial guide-
wires (for the anterior and posterior anatomical
footprints) were inserted under arthroscopic
guidance, and then allograft meniscus was
induced through the arthroscopic portal

Fig 3. Arthroscopic finding from the lateral portal of the right
knee after meniscus allograft transplantation. The donor
meniscus was secured to the meniscal rim
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and femoral sides of the graft were identified by
markings. The meniscus allograft was secured by
sutures at the anterior horn, posterior horn, and
mid-body to aid with insertion into the knee.

Surgical Technique of MAT
The senior author (Y.I.) simultaneously performed, or

directly supervised (made all important surgical
decisions) the MAT and all other treatments in these
patients. Lateral menisci with bone blocks were trans-
planted arthroscopically. First, an arthroscopic exami-
nation was performed, and the meniscus and cartilage
were assessed by probing. The remnant of the native
meniscus was debrided up to the rim, and rasping was
performed. The anatomical attachments of the posterior
and anterior horns of the meniscus were identified;
next, tibial guidewires (for the anterior and posterior
footprints) were inserted with an anterior cruciate lig-
ament tibial guide under arthroscopic guidance (Fig 2).
These guidewires were overdilled to make sockets
(approximately 15 mm in lengths) that corresponded to
the measured diameter of the prepared grafts (5 or 6
mm) at the anterior and posterior horns. Afterwards,
bone tunnels were drilled using a 4.5-mm cannulated
drill to enable the passage of sutures. The passing
stitches were inserted into each bone tunnels and
passed to the lateral portal. In addition, the traction
stitch (no. 2-0 ultra-high molecular weight poly-
ethylene) was similarly passed from the medial side of
the articular capsule to the lateral portal to enable easier
control of the graft. The graft was inserted through the
arthroscopic portal using a suture relay technique
(Fig 2). The anterior and posterior horn stitches were
passed down the tunnels, and the graft was manually
tensioned. The donor meniscus was secured to the
meniscal rim with a combination of inside-out sutures
using a zone-specific cannula and all-inside anchor-
based sutures. All-inside meniscus repair device was
limited used in the posterior portion, and the cannula-
guided ultra-high molecular weight polyethylene
meniscus repair sutures were used for the anterior to
posterior portion of the meniscus. Sutures were placed
until the desired stability was achieved (Fig 3).
Different rehabilitation protocols were applied based
on concomitant surgical procedures including osteot-
omy, or osteochondral autograft transplantation. Basi-
cally, in patients who underwent isolated MAT, a
cylinder cast was applied postoperatively for 3 weeks
and was not subjected to noneweight-bearing for 4
weeks. Partial weight-bearing was allowed for 2 to 4
weeks before full-weight bearing was allowed. Running
was allowed starting between 3 and 6 months post-
operatively, and return to sports activities was allowed
after 6 to 9 months as appropriate.
Physical examinations were conducted on the day

before surgery and at the final follow-up. Pre- and
postoperative assessments included range of motion,
Lysholm score, Tegner activity score, and the Kellgren-
Lawrence (KL) grade on plain radiographs. The menis-
cal allograft failure, which was defined as removal of an
implanted meniscus, complications, and any further
surgery on the operated knee, were recorded. The Knee
Injury and Osteoarthritis Outcome Score was used as an
evaluation tool for patient-related outcome at the final
follow-up. All patients routinely underwent post-
operative MRI follow-up at 3, 6, and 12 months to
evaluate the transplanted meniscus and cartilage. One
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year after MAT, all patients underwent second-look
arthroscopy to confirm the survival of the allograft.
After 12 months, MRI was performed depending on
knee symptoms.

Statistical Analysis
The paired t test was used to compare the pre- and

postoperative knee ranges of motion, Lysholm scores,
and KL grades. The Wilcoxon signed-rank test was used
to compare the pre- and postoperative Tegner activity
scores. Notably, a significant level was set at P < .05. All
statistical analyses were performed with the SPSS
version 21 (IBM Corp., Armonk, NY).
Results
From August 2010 to November 2018, 8 symptomatic

patients (4 female and 4 male) underwent MAT. The
mean age at the time of previous meniscectomy and at
the time of MAT were 10.5 (5-21) years and 18.1
(10-39) years, respectively. Of the 8 patients, MAT was
conducted in the left and right knees for 5 and 3 pa-
tients, respectively. Of 8 patients, 3 simultaneously
underwent distal femoral osteotomy.
At second-look arthroscopy 1 year after MAT, a stable

peripheral healing and relatively good positioning of
the allograft in relation to alignment of the tibiofemoral
joint were observed in all cases. No meniscus retear,
obvious shrinkage, or progression of articular cartilage
degeneration were noted compared with the status at
MAT.
All patients were followed-up for a mean post-

operative period of 5.2 years (range, 2.3-9.3 years), and
there were no cases of meniscus failure. The mean
preoperative ranges of motion and the ranges of motion
at the final follow-up were 142.5 � 13.6�, and 145.6 �
5.0�, respectively (P ¼ .460). The median Tegner activity
scores were 3 (3-6) preoperatively, and 4 (3-5) at the
final follow-up, respectively (P ¼ .334). The mean
Lysholm score significantly improved from 69.4 points
preoperatively to 92.8 points at the final follow-up
(P ¼ .000). The Knee injury and Osteoarthritis
Outcome Scores at the final follow-up were 87.2 points
for pain, 87.9 points for symptoms, 95.4 points for ac-
tivities of daily living, 79.4 points on sports/rec, and 65.6
points for quality of life. On plain radiographs, 6 knees
demonstrated KL grade II and 2 knees demonstrated KL
grade III changes preoperatively. At the final follow-up,
no increase in KL grade osteoarthritis was observed in 5
patients. However, in 2 patients, osteoarthritis increased
by one grade and in one patient it increased 2 grades.
One patient underwent autologous chondrocyte im-
plantation to the cartilage defect in the lateral femoral
condyle at 43 months after MAT.
Patient details are shown in Table 1. Fig 4 shows a

case of preoperative and postoperative radiographs and



Fig 4. Pre- and postoperative findings in radiographs and magnetic resonance imaging (MRI) of the right knee in a 13-year-old
female patient. (A) Preoperative anteroposterior (AP) knee radiographs showed the definite osteophytes on the lateral tibial
plateau and possible joint space narrowing of the lateral joint space (white arrowhead), diagnosed Kellgren-Lawrence grade II.
(B-C) MRI before the meniscal allograft transplantation showed the absence of lateral meniscus (arrow) with bone marrow
edema lesions (open arrow head) in the posterior aspect of the lateral femoral condyle and an irregular of articular cartilage. (D)
Postoperative AP knee radiographs after 6 years’ postoperatively. An increase in the degree of osteophyte on joint space
narrowing (white arrowhead) was not observed. (E-F) MRI after 6 years’ postoperatively showed in situ lateral meniscal allograft
with a good hypointense signal on the coronal and sagittal plane (arrow), and healed bone edema at the lateral femoral condyle
(open arrowhead).
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MRI examinations findings of a the 13-year-old female
patient (patient no. 2 of Table 1).

Discussion
In the cases in this study, the knees required MAT

because of a partial or complete discoid lateral menis-
cectomy had been performed, and these patients were
young. Furthermore, lateral meniscus allografts ob-
tained from the knees of older patients (mean age 70.5
years) undergoing TKA were transplanted into younger
patients (mean age 18.1 years), and these grafts ach-
ieved acceptable subjective and objective clinical
outcome at the final follow-up. Arthroplasty is not
indicated young patient with early-stage osteoarthritis,
and surgical treatment using other artificial meniscus
implants or autograft tissue has not proven to be useful
on the long-term. Because there are no alternative
treatments, MAT was the last resort in the treatment of
young symptomatic patients with meniscal deficiency.
However, allograft meniscus tissues have limited
availability in some countries that are yet to establish
systems for tissue banking. Therefore, the allograft
menisci used were donated by patients who underwent
TKA.
The lateral meniscus contributes to load-bearing more

than the medial meniscus.16 The increased loading of
the femorotibial compartment with weight bearing in a
knee with an absent meniscus has been demonstrated
to be detrimental to the underlying articular cartilage.17

Total and subtotal meniscectomy were previously
preferred in the treatment of a torn DLM, and the
clinical outcomes with short- to mid-term follow-up
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after surgery shows good results.5 However, long-term
outcomes of these procedures revealed a high inci-
dence of osteoarthritis.4,18,19 DLM should be treated
minimal meniscectomy with repair to restore the
function of the meniscus.20

MAT has been performed in the past decades for the
treatment of meniscectomized knees; however, there
have been few reports on MAT after meniscectomy of a
DLM. Kim et al.21 first reported MAT in 14 patients
who previously underwent total or subtotal resection of
the DLM, and showed good results in terms of
improvement in clinical symptoms, allograft survival,
and prevention of degenerative arthritis after a mean
follow-up duration of 58.1 months. Yoon et al.22

compared the clinical results of MAT after total
meniscectomy in 16 patients of DLM and 20 with non-
DLM and reported that the objective knee function,
subjective satisfaction, and extrusion of the graft on
MRI were not significantly different between the
discoid and non-discoid groups after a minimal 2-year
follow-up. Zaffagnini et al.4 reported a 15-year-old
woman with functional limitation who underwent
MAT with femoral osteotomy following total menis-
cectomy for DLM. After 15-years of follow-up, good
clinical and MRI-related outcomes were achieved.
Although no strong evidence is available on MAT
chondroprotection after long-term follow-up, MAT is
considered as an effective method for reducing the pain
caused by meniscal deficiency and improving knee joint
function.
The biomechanical properties of lateral meniscal al-

lografts obtained from patients undergoing TKA with
isolated medial femorotibial osteoarthritis could be
similar to that of frozen specimens.23 However, the
MAT outcomes using aged meniscus allografts are yet to
be conclusively determined. The donors in this study
were patients that were 70.5 � 6.0 years of age, and
were older than those in previous studies (45-63.8
years).23,24 Bursac et al.24 examined the tensile prop-
erty and biomechanical composition including collagen,
proteoglycan, and water content of lateral and medial
menisci ranging from 15 to 44 years of age harvested
and immediately stored at e80�C. They concluded that
there were no significant correlations between the
biomechanical composition or tensile mechanical
properties and donor age of lateral or medial menisci.
In this clinical study, the knees required the MAT

because a partial or complete discoid lateral meniscec-
tomy had been performed and these were younger pa-
tients. Although age-dependent alternation in the
biomechanical or biochemical property of a meniscus
allograft could potentially affect its long-term function,25

the patients in this study had improved Lysholm scores
and good subjective scores at the final follow-up, and
these scores were comparable with the outcomes after
MAT in previous studies on adolescents and younger
individuals.26,27 However, 5 of 8 patients maintained the
KL grade after a mean follow-up duration of 5.2-years.
Further long-term follow-up is needed for as long as
least 20 to 30 years in young children.

Limitations
This study has a number of limitations. It was retro-

spective, limited to 8 patients, not randomized, without
a control group, and had short- to mid-term follow-up.
Conclusions
Lateral meniscus allografts obtained from knees of

adult patients undergoing TKA and transplanted into
younger patients with defects from previous discoid
lateral meniscectomy resulted in improved Lysholm
scores but no improvement in Tegner scores or knee
motion. KL grades were unchanged in 5 of the 8
patients at the final follow-up.
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