
The authors present the results of a prospective
cohort study carried out in young patients, to evalu-
ate the outcome of meniscal repair in the avascular
region of the meniscus. Forty five patients underwent
either open (23 patients) or arthroscopic repair
(22 patients) between 1982 and 1992. Seventeen men
and eight women were included in the present study ;
their ages at the time of admission ranged from 16 to
27 years. They all presented with isolated longitudi-
nal tears in the central avascular region of the menis-
cus. No patient with any kind of concomitant lesion
was included in this series. The stitches were usually
passed through the injured area and the synovium,
and the knots were tightened outside the capsule.
Twenty five patients of the total series, were subject-
ed to a clinical examination in 1993, 9 to 54 months
after meniscal suture. The Lysholm Knee Rating
Score and the Tegner Activity Test were used. During
1999, these patients responded to a written question-
naire, based on the above mentioned rating scales.
Among the 25 patients, there were 4 recurrences
(16%), 2 fair results (8%) and one partial healing
(4%). Eighteen (72%) patients, among which eight
were treated using the arthroscopic technique, have
shown favourable results, without any symptoms
from the tibiofemoral joint, based on clinical exami-
nation and on the Lysholm Rating Scale and the
Tegner Activity Test. 
When confronted with meniscal tears where there is
doubt regarding the vascularity of the injured area,
surgical repair in the avascular zone appears to pro-
vide a reasonable probability of healing, with good
clinical outcome.

INTRODUCTION

Meniscal repair is currently the treatment of
choice for meniscal lesions located in the peripher-
al one-third of the meniscus. The lack of vascula-
rity in the medial two-thirds of the menisci led
surgeons to avoid any attempt to repair meniscal
lesions in this area. This regime is based on King’s
experiments (18), according to which meniscal
lesions in the avascular zone will never heal. King’s
observations were confirmed by Heatley (14) in
1980. On the other hand, removal of the meniscus
will lead to degenerative changes of the joint,
according to Fairbank (6), Jackson (16), Tapper and
Hoover (33). Petersen and Tillmann (28), investi-
gating the vascularisation of the knee joint menisci,
concluded that “the occurrence of well vascularised
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dense connective tissue in the external circumfer-
ence, must be considered as cause for the good
healing of peripheral meniscus lesions” The above
statement was proved earlier on by Guillquist et
al (10) and by Hamberg et al (13). We have investi-
gated the possibilities of meniscal repair in the
avascular zone in white New Zealand rabbits (24),
obtaining encouraging results. Considering these
findings, we have extended the procedure to a num-
ber of young individuals with isolated meniscal
lesions resulting from sports injuries. The results of
this regime are presented in this paper.

MATERIAL AND METHODS

Forty-five patients presenting with longitudinal
meniscal lesions in the avascular zone were treated in
our institution between 1980 and 1992. Twenty three
patients underwent meniscal repair with the open proce-
dure (of which eight denied further follow-up) and
22 patients with the arthroscopically assisted procedure
(of which 12 patients denied further follow-up). Overall,
20 patients (44%) refused to attend the follow-up clinics
after the third post-operative month, because they were
symptom free. We present the outcome in the remaining
25 patients, all under the age of 27 years, who all under-
went direct repair of fresh longitudinal meniscal rup-
tures in the avascular zone. This is a prospective cohort
series. Seventeen patients were males, with an average
age of 21.8 years (range : 17 to 27 years), and eight
females with an average age of 19.4 years (range : 16 to
23 years). All of them were involved in sports activities

(soccer, basket ball, volley ball, hand ball and running).
The inclusion criteria were : isolated longitudinal rup-
tures in the avascular area, involving only one meniscus,
in patients participating in sports. Fifteen patients (60%)
were treated with an open procedure following diagnos-
tic arthroscopy. The stitches used were 0.2 vicryl. The
stiches were passed through the injured area and the
synovium and the knots were tightened outside the cap-
sule. During our early experience with the open proce-
dure, which was performed following diagnostic
arthroscopy, only lesions situated in the anterior part and
the middle third of the involved meniscus, less than
1.5 cm in length, were repaired. Later on, with the
arthroscopic procedure, lesions of the whole body of the
meniscus, between 1.5 cm and 2 cm in length were
repaired, provided that the injured area was located in
the middle third, starting the measurement from the
meniscosynovial junction. In the last 10 patients, the
inside-out arthroscopic technique of the senior author
was used (fig 1). The rehabilitation protocol was started
on the first postoperative day, during which only iso-
metric quadriceps drills were advocated. From the 2nd to
the 21st post operative day, the patients were encouraged
to partial weight bearing, with the leg straight and using
crutches, while they continued the quadriceps drills.
From the 3rd to the 6th post operative week, the patients
were allowed walking with the leg straight and full
weight bearing, without crutches. They were also
advised to flex their knee while they were sitting. After
the 6th post operative week they were instructed to pro-
gressively increase their activities until the end of the
3rd post operative month. During that period, the rehabi-
litation program was continued.
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Fig. 1. — Meniscal repair in the avascular area. A+B+C : the needle passes the stiches through the injured area from inside to outside
and backwards. D : after the suture of the meniscus in the avascular area has been completed.
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RESULTS

All patients were followed up for a minimum of
three months postoperatively. Twenty five were fol-
lowed up from 9 to 54 months (mean : 36 months).
For the remaining 20 patients (44%) only clinical
assessment at three months is available. The
patients were examined every six months or in case
they had symptoms. They were clinically assessed
after an average follow-up period of 36 months,
using the Lysholm Knee Score rating (33) and the
Tegner Activity Test (33). 

Objective demonstration of the healing process
is provided only for eight patients, who complained
of tibiofemoral problems and therefore underwent
a second-look arthroscopy. Four (16%) of them
have had a recurrence, 9 to 14 months following the
initial procedure and a partial meniscectomy was
performed ; the meniscal tear was found to be com-
pletely healed in three of them, and to be partially
healed in one. The assessment of these patients,
based on clinical grounds and the Lysholm Score
is : excellent 10 patients (40%), good to excellent
8 patients (32%), fair to good one patient (4%) fair
two patients (8%) and four patients were consid-
ered as failures (16%). The two patients with fair
results complained of increased pain during sports
activities and they had to reduce their level of 
performance. They have both refused to undergo a
second look arthroscopy. Among the 15 patients
who underwent an open procedure (10 medial
menisci and 5 lateral), there were three recurrences
and one fair result, while there were one recurrence
and one fair result among the 10 who underwent an
arthroscopically assisted procedure (7 medial
menisci and 3 lateral). Fifteen patients (60%) were
free of symptoms and regained their pre-injury
level of activity ; they were fully satisfied and
refused a second look arthroscopy. The Tegner
Activity Test for the 18 patients (72%) ranged from
level 6 to level 7.

Finally, in 1999, these patients responded to a
written questionnaire, based on the Lysholm Rating
Knee Score and the Tegner Activity Test. No dif-
ferences were noted between the previous and the
last assessment. At the time of the written ques-
tionnaire (1999), the average age of the patients

was 30.6 years (range : 24 to 42 years). Four
patients (16%) were free of symptoms but, due to
their increased age, they had to abandon soccer,
handball and running and could only participate in
jogging, at least four times weekly.

DISCUSSION

The semilunar cartilages are vital structures for
the function of the knee joint (11). Their total or par-
tial removal alters the biomechanical behaviour of
the joint and considerably disturbs the load distrib-
ution and contact stresses (2, 7), and postoperative
degenerative changes are noted in a high proportion
of cases (19). These findings are in line with those
of Fairbank (6) and Jackson (16).

The vascular supply of the meniscus changes
with age, from 100% vascularity at 3 months to
only the peripheral one-third after the 10th year of
life (3). King’s investigation (18) in 1936, confirmed
by Heatley (14), suggesting that rupture of the
meniscus in the avascular zone will never heal,
dominated the field for quite a long time, until
Gillquist et al (10) and Hamberg et al (13) success-
fully attempted to repair acute and old peripheral
ruptures of the human menisci.

The lack of vascularity rises the question of the
healing process, which should be similar to that of
other connective tissues : exsudation, organisation,
vascularisation, cellular proliferation and remodel-
ling, providing the clot formation in the injured
area. Chen et al (14) referring to the repair process
of the articular cartilage, stated that “chondrocytes
are unable to adequately proliferate, migrate and
synthesise high-quality tissue in response to blunt,
superficial, or deep penetrating trauma”. According
to McDevitt and Webber (21), “the fibrochondro-
cytes contain abundant endoplasmic reticulum and
Golgi complex. Mitochondria are occasionally
visualised, suggesting that the major pathway for
energy production for the fibrochondrocytes in
their avascular milieu is probably anaerobic glyco-
lysis”. Weber et al (35) stated that “chondrocytes
responded to platelet-derived growth factor by syn-
thesising more matrix constituents”. Papachristou
et al (24, 27) have experimented with white
New Zealand rabbits, whose menisci are totally
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avascular. According to investigations with Smooth
Muscle Actin (SMA), an immunohistochemical
staining to study the vascularity of the rabbit’s
menisci, blood vessels are only traced in the menis-
cus in the vicinity of the synovium, while the rest
of it is totally avascular. The last authors came to
the following explanation, concerning the healing
process : Around the injured and sutured area, an
increased number of meniscal chondrocytes is
noted. These chondrocytes produce basic matrix,
by which the repair procedure of the involved area
is accomplished. This procedure will fail if the
meniscal fragments are unstable. A stable environ-
ment is achieved by suturing the meniscal frag-
ments and if these fragments are situated in the
avascular area, the healing process might be slow
or diminished. Modulation of this newly formed
reparative tissue into normal appearing fibrocarti-
lage, may require longer than three months.

Limited data are available concerning the results
of repair of meniscal tears in the avascular area in
humans. Kumagae (19), found that “proteoglycan
synthesis by cells from the inner two-thirds, was
higher than that by cells from the outer one-third of
the meniscus, with no difference in the collagen
synthesis”. Also, he found that “proteoglycan syn-
thesis by meniscus cells and articular chondrocytes
was stimulated by TGF-beta 1 in a dosage-depen-
dent manner”. Papachristou et al (26), obtained very
good results in 60% of 28 patients, with meniscal
repair in the avascular zone, based on clinical
grounds. Hough and Webber (15) reported that
“intensive clinical and experimental experimenta-
tion suggests that serum-derived growth factors are
necessary for meniscal healing”.

In order to overcome the lack of vascularity and
to promote healing, various investigators have
employed different techniques such as : a. removal
of the peripheral part of the injured meniscus and
repair of the avascular area with the synovium, pro-
posed by Weth et al (34), b. trephination of the
periphery of the meniscus, in order to increase
blood supply to the injured area, proposed by
Zhang et al (36), and Gao (8), c. use of fibrin clots
between the injured parts of the meniscus, by
Arnoczky et al (1), Roeddecker et al (29, 30), and
Isoda et al (17), although DeHaven (5) stated in

1990, that “stimulation of healing in the avascular
zone of the meniscus by vascular-enhancement and
fibrin-clot techniques remains under active experi-
mental investigation”, and d. direct repair with the
stitches through the synovium and the involved
area, in order to facilitate the invasion of blood ele-
ments and, on the other hand, to stabilise meniscal
fragments, by Papachristou et al (24, 25, 26, 27),
Noyes et al (22, 23), and Rudman et al (31).

The explanation Papachristou et al (27) gave
about the healing process in the avascular zone, is
based on two factors : a. the stitches are passing
through the involved area and the synovium, acting
in two ways : first stabilising the meniscal frag-
ments and, second, acting as bridges, connecting
the synovium with the injured area and promoting
the proliferation of mesenchymal cells, b. the in-
creased number of chondrocytes, brought together
in the involved area and around the stitches pro-
duce basic matrix for the healing process. In other
words, a stable environment in the injured area is
essential and favourable for the production of basic
matrix by the fibrochondrocytes, in order to com-
plete the healing process.

An important factor, that needs further research,
is the distance between the stitches. Most of the
investigators are in favour of a distance close to
5mm. Since we are seeking for good stability, in
order to promote sufficient repair by the basic
matrix, produced by the increased number of chon-
drocytes and based on our results, we are proposing
to reduce the distance between the stitches close to
3 mm.

In any case, the importance of preserving the
meniscus to avoid post-traumatic changes in the
joint, convinced us to repair it, even in the avascu-
lar zone. Based on our own findings, which show
acceptable results following meniscal repair in the
avascular zone, we are encouraging direct repair in
cases where the physician is unable to distinguish
if the lesion is situated or not in the avascular area.
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