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Abstract

Purpose. To evaluate regeneration of injured
menisci of the knee following reconstituted
collagen template implantation in rabbits using
magnetic resonance (MR) imaging and correlate
these findings with histology. Materials and
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methods. Twenty adult rabbits were divided into
four groups. (A) Partial menisectomy with
collagen template implantation of lateral
meniscus of |eft knee (n = 4 rabbits); (B) Partia
menisectomy  with collagen  template
implantation of medial meniscus of left knee (n
= 4 rabbits); (C) Partial menisectomy only (n =
4 rabbits); (D) Sham operation (n = 4); (E) No
operation (n = 4). All rabbits received follow-up
MR imaging studies with interval of 3 to 8
weeks after surgery. All rabbits were sacrificed
after the last follow-up MR imaging for
histologic analysis. Results. One rabbit in group
B die. In Group A & B, follow-up MR imaging
showed a homogenous low-signal-intensity in 6
of 7 menisci, suggestive of regeneration. The
seventh rabbit showed that one meniscus
exhibited higher in signal intensity at its anterior
horn than that of the posterior horn meniscus,
indicating failure of regeneration. The meniscus
in group C anima showed no evidence of
regeneration. All MR imaging findings were in
agreement with histologic findings. Conclusion.
Injured menisci of the knee can regenerate
following implantation of a reconstituted
collagen template in rabbits. MR imaging can be
used to monitor and determine the degree of
meniscal regeneration.
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Introduction

Internal derangement is the most common
disorders of the knee in human. Patients who
have meniscal tears with persistent symptoms
are commonly treated by menisectomy. Recent



advances of implementation of a synthetic
meniscal implant or placement of autogenous
tissue has been reported. Although autogenous
tissue is biocompatible, the resorption of grafts
can be unpredictable. The grafts can be difficult
to shape and may cause functional and
anatomical deformities. For these reasons, a
variety of synthetic materials,
Proplast-Teflon laminate, silicone, Silastic, have
been applied. However, the implant material
could be unable to resist the wear, shear, and
tensile forces; or fibrosis growth around the
implant materials that decreases the functional
movement of joints; or host-foreign body
reaction.

In our laboratory, a new disc regeneration
implant material [1], consisting of reconstituted
collagen template, has been successfully
prepared and implanted in rabbit temporomandi-
bular joint and the temporal healing process of
discectomied temporomandibular joint has been
reported [2]. Consequently, this study focused
on the potential value of MR imaging to assess
healing process of the discectomied knee after
collagen template implantation in a rabbit model
and correlation of MR findings with histology.

such as

Materials and methods

Rabbits: A total of 20 adult New
Zealand male rabbits were recruited. There were
3 months old and 2 to 3kg in weight. All rabbits
were housed in well-ventilated cages and feed
with aregular diet.

All 20 rabbits were divided into four
groups as follows: (A) Partial menisectomy with
collagen template implantation: resection of
anterior 1/3 of lateral meniscus of left knee (n =
4 rabbits); (B) Partiadl menisectomy with
collagen template implantation: resection of
anterior 1/3 of medial meniscus of left knee (n =

4 rabbits); (C) Partial menisectomy only:
resection of anterior 1/3 of medial meniscus of
left knee (n = 4 rabbits); (D) Sham operation (n
= 4); (E) No operation (n=4). Ingroup A & B,
interval to obtain MR imaging were at week 3
and 8 in 4 rabbits, at week 5 and 8 in 2 rabbits,
and at day 3 and week 8 in 2 rabbits. In group C,
MR imaging was performed in week 3, 8 and 11.
Each rabbit was sacrificed after the last
follow-up MR imaging.

Surgery: The meniscus of left knee of
each rabbit in experimenta groups were shaved
and prepared with povidone-iodine solution. We
used agenera anesthesia by using intramuscul ar
injection of chanazine-ketamine (2:1) solution
(1c.c./kg/hr) Y3, The media joint line of the
knee was incised. The overlying tissue was
flapped inferiorly and the meniscus was
exposed.

A resection of anterior horn (anterior 1/3 of
the meniscus) with partia menisectomy were
performed for group A, B, and C. The collagen
templates (group A & B) were fixed to the rest
of the meniscus using a 4.0 non-resorbable
proline suture. The articular capsule was closed
with a 4.0 non-resorbable suture. Finaly, the
skin incision was closed with stainless steel
suture clips.

After surgery, the body weight of each
rabbit was measured weekly to determine and
monitor the health condition. After the last MR
imaging, al rabbits were scarified by chanazine
and ketamine anaesthesia. All specimens of the
knee with or without implants were excised and
processed for histologic evaluation.

Templates:  The collagen templates were
freshly prepared and obtained from pepsinized
bovine type | collagen, which were reduced by
beta-mecraptoethanol and reconstituted by
glutaradehyde. The templates were composed of



collagen-glycosaminoglycan complex that were
yield crosslinkage and possess maximum
biological activity (Fig. 1). The collagen-based
templates were shaped as a “disc” with 5-mm
diameter and 1.5-mm thick. The collagen
templates were made at Research Center for
Biomedical Materiadls, Tape  Medicd
University, Taipe.

MR Imaging:

MR was

imaging

performed with use of a commercial surface coil.

Imaging  parameters included: localizer
T1l-weighted images (TR=300msec, TE=20
msec); sagittal T1-weighted images (TR=100-
320msec, TE=20msec) of left / right knee, 8-cm
field-of-view  (FOV), 1.0-1.5-mm dlice
thickness, 192-224 x 224-cm matrix, 3-4
excitations;, sagittal T2*-weighted images
(TR=450msec, TE=30msec, Flip angle=20°),
2-cm FOV, 1.0-1.5-mm dlice thickness, 224 x
224—-cm matrix, 3 excitations.

Two experienced radiologists read all MR
images of each rabbit. Parameters for
interpretation included MR imaging signa
changes on T1- and T2*-weighted images as
score 0 = low signa intensity similar to native
meniscus; score 2 = signa changes (low signal
intensity on T1-weighted images and high signal
intensity on T2*-weighted images) suggestive
fibrosis or granulation; and score 1 denotes
indeterminate. Morphologic changes were
defined as follows: tissue regeneration patterns
similar to native meniscus in shape and margin
(score 0), formless / structureless (score 2), and
score 1 denotes indeterminate.

Histology: Each specimen was fixed in
formalin, embedded in paraffin and serialy
sectioned at 5-10microns. Specimens were
stained with hematoxylin/eosin and Masson
trichrome. One experienced observer interpreted
the histology for the regeneration of the
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Figure 1. Reconstituted collagen template. The
reconstituted collagen forms a nest-like scaffold
template after lyophilization, resembling a
rounded and randomly arranged network of
tissue (scale as indicated).

meniscus and / or fibroblasts infiltration into
implant materials.

Results

One rabbit in group B die during the
experimental period. In group A & B, the weight
of 6 rabbits gained from zero to 53%, one rabbit
weight loss 17%. Group C rabbits loss 7.5%
weight. In group D & E, MR images showed
well-delineated opposite triangular morphology
of low-signa-intensity meniscus in sagittal
plane. Histology revealed that the meniscus
composed of dense connective tissue. There was
no difference in group A & B. Their follow-up
MR images showed a homogenous low-signal-
intensity in 6 of 7 menisci (Fig. 2), suggestive of
regeneration. Of these 6 menisci, one meniscus
depicted irregular margin at week 8 follow up,



one showed bigger size of the anterior horn with
regeneration at week 8 after operation (Fig. 3).
The seventh rabbit showed that one meniscus
exhibited higher in signal intensity at its anterior
horn than that of the control
indicating failure of regeneration, compatible

meni scus,

with its weight loss during the experimental
period. Histology revealed that the regenerative
menisci had new collagen bundles (Fig. 4).
Primitive mesenchymal cells scattered in the
new matured collagen bundles. The failure
regenerative meniscus showed proliferation of
chondroblasts and neovascularization of the
meniscus. In group C, MR images showed no
detectable anterior horn of the menisci. All MR
imaging findings were in agreement with the
histologic findings.

Discussion
MR imaging is gaining recognition as an
imaging modality of choice for internal

derangement of the knee. In human, the MR
signal characteristics of menisci of the knee are
those of fibrocartilage with very low signal
intensity on T1- and T2-weighted images. We
have preformed MR imaging of temporoman-
dibular joint discs in rabbits with the use of
commercia surface coil. The MR resolution has
been promising for both norma discs and
regeneration of the discs.

The collagen template materia was
relatively inert, easy to shape and to adapt to the
structure required, and to be sterilized. Results
of the present study indicated that the collagen
template matrix could guide knee meniscal
regeneration after partial menisectomy. The
fibrocartilage-like tissue grew into the knee
meniscus in the implant groups, whereas
fibrosis and no growth of menisci were noted in
the menisectomized group. No immunoresponse
in the implant groups was observed.

Alteration of the distribution of proteo-

Figure 2. Partial discectomy with collagen
template implantation: complete regeneration.
Follow-up T1-weighted MR image (TR=300 ms,
TE=20 ms) of left knee 8 weeks after partial
menisectomy (anterior horn) shows a
homogeneous low signal intensity of the
regenerative anterior horn of the meniscus
(arrow). Note that no signal intensity difference
of the regenerative meniscus as compared to
the normal posterior horn of the meniscus.

Figure 3. Partial discectomy with collagen
template  implantation: no  regeneration.
Follow-up T1-weighted MR image (TR=300 ms,
TE=20 ms) of left knee 8 weeks after partial
menisectomy  (anterior horn) shows a
heterogenous high signal intensity of the
anterior horn of the meniscus (arrow). Note that
signal intensity difference of the failure
regeneration of the anterior meniscus as
compared to the normal posterior horn of the
meniscus.
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Figure 4. New collagen bundles exhibit
moderate proliferation of chondroblasts and
neovascularization in the regenerative
meniscus. (H-E stain, magnification x60)

glycans and water content can contribute to the
MR imaging signal changes of the menisci of
the knee. Our findings may support, in part, the
observation by previous authors [4] that the MR
imaging appearance of temporomandibular discs
and template correlated well with the increase or
decrease of glycosaminoglycans. In our study,
all norma menisci depicted low signal intensity
indicating predominant proteoglycans. A normal
disc is composed of connective tissue with
synovial  fibroblasts chondrocytes/
chondroblasts.

In our study, the partially regenerative discs

and

appeared higher signal intensity than the origina
meniscus, and chondroblast proliferation was
aso observed. In contrast, the number of new
collagen bundles increased and the signd
intensity of the regenerative disc decreased. The
inflammatory tissue had high signal intensity on
T2-weighted images. Further study with
dynamic contrast-enhanced MR imaging are
needed for
regeneration.

In summary, menisectomized knee can
regenerate  following implantation of a
reconstituted collagen template in rabbits. MR

differentiation of fibrosis and

imaging can be used to monitor and determine
the degree of meniscal regeneration.
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