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Abstract

Purpose The treatment of meniscal tears has changed

since the early 1980s. Meniscus transplantation emerged as

a treatment option during that period. This study aims to

present the long-term results of the first lyophilised

meniscus allograft transplants in Turkey.

Methods Between 1990 and 1992, four transplants of the

medial meniscus combined with anterior cruciate ligament

(ACL) reconstruction were performed on patients with a

history of medial meniscectomy and anterior knee insta-

bility at our institution. For all patients who underwent

meniscus lyophilised allograft transplantation and revision

ACL reconstruction, clinical outcomes were evaluated over

a mean period of 19 years of postoperative follow-up by

clinical assessment, Tegner score, Lysholm score, Knee

Society Score, radiography and magnetic resonance

imaging (MRI).

Results The median value of Tegner score was 3 before

index surgery and 2.5 at year 19 postoperatively. The

median value of Lysholm score was 60.5 before index

surgery and 62.5 at year 19. All of the patients had

Outerbridge grade IV osteoarthritis by X-ray examination

at year 19.

Conclusion Successful meniscus transplantation depends

on many factors. This study examines the effect of allo-

grafts on these factors and describes experiences with

lyophilised allografts in four male patients.

Level of evidence IV.

Keywords Lyophilised allograft � Meniscus

transplantation � ACL reconstruction

Introduction

The importance of the meniscus was described by Fairbank

[5]. Many experimental and clinical studies have shown

that the absence of the meniscus results in osteoarthritis

and joint deterioration in the long term; as a result,

meniscus transplantation is considered following total

meniscectomy [10, 16]. Furthermore, the meniscus is an

important secondary stabiliser against anterior and lateral

tibial translations and should be preserved or replaced in

the setting of ACL reconstruction, for the restoration of

optimal knee kinematics and function [21, 23]. The first

clinical meniscal allograft transplantation in humans was

performed by Milachowski et al. [11] in 1984.

Indications for meniscal transplantation include patient

age of 40 years or less and a totally absent meniscus [4, 10,

13, 16, 20, 26]. Patients with a totally absent meniscus

present with localised pain in the affected area during daily

activities and sports and have Outerbridge grade I or II

articular changes but normal alignment [20]. Considering

these findings, and as a result of the promising short-term

results published in the late 1980s and early 1990s,

meniscus transplantation was initiated in Turkey at

approximately the same time that it was started worldwide

[3]. Long-term outcomes of meniscal transplantation are
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affected by many factors, especially the type of allograft.

This study reviews the effect of allograft type with exam-

ples of long-term outcomes in four cases.

Materials and methods

Four male patients who underwent the first meniscus

lyophilised allograft transplantations in Turkey between

1990 and 1992 were included in the study. The average age at

index surgery was 24.5 ± 3.1 years (range: 20–27 years).

Each patient had previously undergone an open total men-

iscectomy (mean 4.2 ± 1.5 years prior), and anterior

cruciate ligament (ACL) reconstruction proved to be

unsuccessful. In all patients, injury to the knee occurred

while participating in a sporting activity. Preoperatively, the

main complaints were the following: knee pain, swelling and

instability after total meniscectomy and ACL reconstruction.

Two patients had undergone intra-articular iliotibial band

transfer for ACL reconstruction and total meniscectomy

before index surgery [7]. One patient had surgery for ACL

reconstruction using synthetic ligament and total menis-

cectomy, and another patient had undergone total menis-

cectomy and ACL reconstruction with a bone-patellar

tendon-bone autograft.

Clinically, all patients had ACL deficiency and were

pivot-shift and Lachmann positive before index surgery.

Each patient was evaluated with non-weight-bearing lateral

and anteroposterior (AP) radiographs and lower extremity

weight-bearing radiographs. There was no evidence of

osteoarthritis or misalignment at the time of transplanta-

tion. Surgical indications were progressive instability and

functional deficiency. Patients were treated concomitantly

with medial lyophilised meniscal allograft transplantation

and revision of ACL reconstruction. Whole medial

meniscus allografts were implanted in three right knees and

one left knee. Three patients underwent reconstruction with

bone-patellar tendon-bone allograft, and one patient

underwent reconstruction with bone-patellar tendon-bone

autograft during index surgery. Patients were evaluated

with KT-1000, Lysholm Score and Tegner Activity Scale

at approximately year 1, year 2 and year 19. In the eval-

uation of the data, descriptive statistic and Friedman test on

the SSPS 13.0 statistical package programme was used.

Surgical technique

All surgical procedures were performed by the senior

author (Binnet, MS.). Plain radiographs were used to

determine allograft size. Meniscus width was determined

by AP radiography, and meniscus length was determined

by lateral radiography. Donors were matched with recipi-

ents according to skeletal size, as measured by standard AP

radiography of the distal femur, and matching to within 5%

was achieved in every case.

From 1990 to 1992, lyophilised allografts sterilised with

ethylene oxide were obtained from the Florida Tissue Bank

(University of Florida College of Medicine, Gainesville, Fl,

USA). General anaesthesia and tourniquets were used in all

patients. Arthroscopy was not used during index surgery,

and all patients underwent open surgery. Joints were vis-

ualised through medial parapatellar arthrotomy. The pos-

terior portion of the allograft was attached to the remnant

wall of the original meniscus. Localisation of the anterior

meniscus insertion site was slightly medial to midline and

in front of the ACL’s insertion. Localisation of the pos-

terior meniscus insertion side was slightly medial to mid-

line and in front of the posterior cruciate ligament (PCL)

insertion. Multiple 0 and 2-0 non-absorbable sutures were

used in a vertical fashion to attach the allograft to the rim.

In-side-out and out-side-in techniques were combined for

the fixation of allografts, and bone block fixations were not

used.

After ensuring sufficient stabilisation in the front and

back horns, ACL revision was performed on all patients

using the transtibial approach (9,11). Allograft bone-

patellar tendon-bone was used in three patients, and auto-

graft bone-patellar tendon-bone was used in one patient.

There were no complications during surgery.

A restrictive rehabilitation programme was initiated.

Patients remained non-weight bearing for 6 weeks after

surgery. Flexion was not permitted for the first 2 weeks.

We used a plaster cast during that time. At week four,

ranges of motion between 00 and 900 were observed in all

patients. Jogging was allowed 4 months later, and sporting

activities, such as recreational soccer, were permitted

1 year later.

Results

The mean follow-up duration was 19 ± 0.8 years (range:

18–20 years). The median value of Tegner score was 3

before index surgery, with a median value of 4 at year two

postoperatively and a median value of 2.5 at year 19

postoperatively. The median value of Lysholm score was

60.5 before index surgery, with a median value of 74 at

year two and a median value of 62.5 at year 19. The

median value of Knee Society Score was 60.5 before index

surgery, with a median of 74 at year two and a median of

59.5 at year 19 postoperatively. No instability symptoms

were observed during clinical examinations and KT-1000

assessments.

Two patients underwent a second arthroscopy due to

swelling, medial compartment pain and mechanical

symptoms exacerbated by physical activity. One of them
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had surgery twice following the index surgery, at years 5

and 18 of follow-up. Five years later, the allograft was

visible and functional (Fig. 1a). Eighteen years later, we

did not see the allograft (Fig. 1b). The other patient also

underwent a second arthroscopy, but at year 12 of follow-

up (Fig. 2). In both patients, meniscal transplants were

reduced in size early during follow-up and also at the time

of the second arthroscopy. As a result, the function of the

meniscus was not preserved. At the same time, advanced

degenerative arthritis was observed when the interference

screws were removed.

Discussion

The most important finding of the present study was the

effect of allograft preparation steps on outcomes. There are

many causes for the development of degenerative arthritis.

Loss of meniscal tissue can lead to lack of protection of the

articular cartilage of the femoral and tibial condyles and

result in osteoarthritis. In the case of large meniscal

defects, replacing the defects with tissue can be accom-

plished successfully. Currently, there are many procedures

for replacing these defects, including the use of meniscal

allografts and scaffolds.

The prevalence of meniscus tears seems to be high in

ACL-deficient patients [12]. For meniscus transplantation,

ligament stabilisation is recommended either before or

concomitantly during meniscus transplantation in an

unstable knee because meniscus repairs result in superior

healing in stable knees [14, 15, 23]. Spang et al. [23]

evaluated the effect of meniscectomy and meniscal allo-

graft transplants on anterior cruciate ligament and knee

biomechanics in 10 human cadaveric knees. They showed

Fig. 1 a A 26-year-old male

patient, 5 years after index

surgery (arthroscopic

appearance at second-look

examination). b Arthroscopic

view 18 years after index

surgery

Fig. 2 A 27-year-old male

patient, 12 years after index

surgery (arthroscopic

appearance at second-look

examination). a ACL

appearance and b Meniscal

appearance on second-look

arthroscopic examination
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that meniscectomy produced a significant increase in tibial

displacement relative to the femur, and meniscal allograft

transplantation restored displacement values to normal.

Instability and mechanical meniscus deficiencies are

among the main causes of degenerative arthritis [10, 15,

16, 23].

Allograft preparation steps affect the results of allograft

transplantation in short- and long-term follow-up. The four

main methods of preserving meniscal allografts are as

follows: fresh, fresh-frozen (deep-frozen), lyophilised and

cryopreserved [10, 13, 14, 16, 20, 24]. Due to transporta-

tion problems, it is impossible to provide fresh grafts in

countries such as Turkey, which have no tissue banks.

Fresh-frozen allografts are easier to store, but during the

freezing process, donor cells are destroyed, resulting in

denatured histocompatibility antigens, which may in turn

decrease immunogenicity [14]. Cryopreserved allografts

maintain a cell viability of 10–40% [2, 20, 24]. Cryo-

preservation allows prolonged allograft storage [1, 24], but

this technique is more expensive. Lyophilised allografts

result in collagen scaffold destruction as well as antigens

and enzymes. The allografts are then thawed and rehy-

drated before transplantation. Although this method allows

for indefinite storage, it also produces alterations in bio-

mechanical properties and size of the allografts.

The sterilisation step of allografts is also important.

Sterilisation involves two different processes as follows:

gamma irradiation and ethylene oxide. Ethylene oxide

produces a metabolic by-product, ethylene chlorohydrin,

which results in a significant cell response and synovial

inflammation [1, 2, 8, 9, 18, 24]. Gamma irradiation with at

least 3.0 Mrad is necessary to inactivate HIV-1 DNA as

determined by testing with PCR [9, 15, 24]. As a result,

when irradiation exceeds 3 Mrad, graft sterilisation is

improved, but this is at the risk of compromising the

material properties of the graft [9].

Many factors can affect the progression of degenerative

changes in the knee following meniscal transplantation in

the long term, such as initial cartilage damage, surgical

indications and technique, preservation methods of the

allograft, sterilisation methods of the allograft and post-

operative rehabilitation [6, 17, 22, 27]. However, the

authors of this study believe that the most important cause

of degeneration observed in these young patients (average

age 42.5 ± 2.4; range 39–44 years) is the shrinkage of the

meniscal allografts because of lyophilisation techniques.

Wirth et al. [28] examined the results of a lyophilised

meniscal allograft procedure performed on 17 cases and a

deep-frozen meniscal allograft performed on six cases. The

follow-up period was 14 years, and they showed that

patients with deep-frozen meniscal transplants generally

had better clinical outcomes than patients receiving

lyophilised meniscal transplants.

One of the important findings of this study is that

the clinical symptoms of these patients were limited,

even though there were significant radiological changes

observed in all patients. ACL reconstruction results in the

most significant improvements in stability, which may

explain the low level of clinical complaints. Clinical

improvement in four patients over a period of 19 years

indicates that transplantation was successful. However,

sterilisation methods and allograft choices remain impor-

tant issues because they affect the clinical results of the

allograft, and their future improvement may provide better

results [6, 27].

There were several limitations to this study. First, the

sample size was very small (n = 4). Second, there was no

control group. Currently, allografts were performed

according to new developments in meniscus transplanta-

tion surgery; lyophilised allografts had been discarded.

Conclusion

Although meniscal transplantation can prevent joint

degeneration in the short term, whether meniscal grafts can

delay or prevent the progression of degenerative changes in

the long term remains unclear [15, 19, 23, 25]. Neverthe-

less, experimental studies that have compared fresh cryo-

preserved and fresh-frozen meniscal allografts have

revealed no clear differences in biological incorporation of

the grafts or in clinical outcomes [24].
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