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Meniscal repair by synovial flap transfer
Healing of the avascular zone in rabbits
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We studied repair of a longitudinal incision of the
right medial meniscus in 44 rabbits after the trans-
fer of a pedunculated synovial flap, without immo-
bilization of the knee. The left medial meniscus was
used as the control, after creating the same lesion

without synovial flap. Healing was analyzed by his-
tologic studies, including India ink perfusion after 8,
12, 24, and 48 weeks. In three quarters of the
cases, the meniscus showed healing with vasculari-
zation of an originally avascular zone.
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We studied in rabbits whether healing of a meniscal
incision in its avascular zone could be induced
through vascularization from a pedunculated synovi-
al flap.

Material and methods

44 full grown New Zealand white rabbits of both
sexes, with a mean age of 10 (8-13) months and a
mean weight of 3.2 (3.2-3.6) kg were used for the
study.

The rabbits were anesthetized with Ketamine/Xy-
lazine i.m. Under standard aseptic conditions, a me-
dial longitudinal parapatellar approach was used in
both knees. A 5-6 mm longitudinal, full-thickness
incision was created identically in the avascular zone
in the medial third of both medial menisci resem-
bling a bucket-handle tear. By drawing the meniscus
forward by its anterior horn before creating the inci-
sion, care was taken not to interfere with the joint
cartilage. In the right knee, a pedunculated synovial
flap was transferred inside the meniscal lesion and
then sutured to the medial collateral ligament
(Figure 1). The left knee was used as the control,
with an identical meniscal incision, without a syno-
vial flap. After surgery, the knees were not immobi-
lized and the rabbits were allowed to move freely in
their cages.

Groups of 11 rabbits were killed at 8, 12, 24, and
48 weeks. Both knees were examined to assess the
range of motion and stability, measuring flexion, ex-
tension, and valgus at O and 30 degrees. Femoral ar-

tery dissection was performed and 35 cc of India ink
was perfused on each side to stain black the vessels
of the lower extremities. Arthrotomy was performed
and the collateral and cruciate ligaments were sec-
tioned. Both medial menisci were inspected. The
menisci were excised and fixed in 10 percent neu-
tral-buffered formalin, embedded in paraffin, sec-
tioned transversally and perpendicularly and exam-
ined histologically with hematoxylin-eosin (H & E)
and Masson’s trichrome staining techniques. All the
menisci were studied by the same pathologist, with-
out knowledge of group or side.

Figure 1. Diagram of a medial meniscus with the artificial le-
sion. A 56 mm longitudinal, full-thickness incision was creat-
ed identically in the avascular zone of both medial menisci re-
sembling a bucket-handle tear in the medial 1/3 of the menis-
cal body. A synovial flap was then passed inside the tear and
attached to the medial collateral ligament (arrows).
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Figure 2. Transverse section of menisci with and without insertion of a synovial flap (HE).
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Meniscus with synovial flap at 8 weeks. The meniscus on the
left side and the attached synovial flap (arrows; x4).

Meniscus with synovial flap at 24 weeks. The meniscus on the
left side. On the right side, the healing tissue attached to the
meniscus and in the right lower part, bone metaplasia within
the healing area (arrows; x10).

Results

Mobility and stability. All the right knees had a
complete range of motion and normal stability. 5
control knees had an extension blockage of 15
(10-25) degrees, supposedly due to bucket-handle
dislocation. All knees had normal stability.

Gross examination. All the menisci in control
knees showed macroscopic persistence of the lesion
in all groups. In the menisci with the synovial trans-
fer, the flap could be identified at 8§ weeks, but not
after 12 weeks.

Histologic examination (Figure 2; Table 1). No
signs of repair were observed in the control menisci.

Incised meniscus without synovial flap at 24 weeks. Persis-
tence of the synovial metaplasia proliferating on wound sur-
face (arrows), but no meniscal repair is observed, x10.

Meniscus with synovial flap at 24 weeks. Artificial incision
filled with adipous synovial flap and the avascular meniscal
area on the left side with vessels stained black on both sides
of the incision (arrows; x10).

Table 1. Healing of meniscal lesions with (+) and without (-)
synovial flap

Weeks after surgery

8 12 24 48

+ - + - + - + -
New vascularization 7 - 10 - 8 - 7 -
Healing tissue 6 — 7 - 6 - 6 -
Healing tissue
with bone metaplasia 1 - 3 - 2 - 1 -
Presence of synovial flap 2 - - - - = - -
No healing 19 -9 -8 19
No conclusion 11" 12 33 32

*One rabbit was excluded because of infection.
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In the menisci with synovial flap, the majority had
healing tissue at the site of the lesion. Vessels were
always found in the normally avascular zone of the
meniscus, and the synovium did not invade the fibro-
cartilage.

Discussion

The knee meniscus heals only in the peripheral zone
(King 1936, Benedetto et al. 1985, Day el al. 1985,
Mackenzie et al. 1985, Huang et al. 1991). The peri-
meniscal capillary plexus originates in the capsular
and synovial tissues and penetrates the peripheral
third of the meniscal tissue. Longitudinal incisions in
the avascular portion of the meniscus do not heal
(Arnockzy and Warren 1983, Hede et al. 1991). To
our knowledge, no spontaneous healing of the avas-
cular zone has been reported (Henning et al. 1987).
In the absence of bleeding, a different mechanism of
repair may be at work (King and Vallee 1991). Clus-
tered chondrocytes have been found near the margin
of an incision in the rabbit meniscus because of an
expansion of the synovial margin. But healing of in-
cisions far from the synovium is not possible
(Heatley 1980).

Similar studies with synovial flaps and carbon fi-
ber implants for artificial lesions of the meniscus in
rabbits showed signs of total or almost total repair at
14 weeks (Veth et al. 1983). In another similar study,
transverse and T-shaped cuts were made in the me-
nisci of 12 sheep and a flap of synovium was sutured
into the wound. At 3 months, 10 of the 12 menisci
healed showing that the typical cell found in the re-
pair tissue had the morphology of a chondrocyte
(Ghadially et al. 1986). An identical surgical tech-
nique was used for the lateral meniscus in dogs with
external fixation across the knee or a cast. With the
external fixator most of the tears healed in 10-12
weeks (Gershuni et al. 1989).

In our study, the transfer of a synovial flap in-
duced varying degrees of neovascularization in the
avascular meniscal body and this response promoted
fibrous tissue ingrowth, with healing of most of the
lesions. In 15 percent of the cases, bone metaplasia
was also observed within the healing area. This rep-
resents a new phenomenon in the repair process. Fur-
ther studies with a refined technique should be car-
ried out in a larger animal model, more representa-
tive of the human knee.
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