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Figure 5. Scanning electron microscopy of the implant. (A) The murtilamefJar structure of eMI scaffold is
readily recognizable (bar = .100 p.m). 8) The new collagen fibrils (arrows) are readily recognizable by their
small diameter in contrast with the larger and flattened fibrils of the scaffold (number sign) (bar = 5 pm).

[Figure 3(A)J. The architecture of the implanted CMI was
preserved and the scaffold was still well recognizable, in
contrast with previous in vivo studies reporting extensive
scaffold resorption at 6 weeks in pigs. 18 The lacunae were
filled by connective tissue, where many cells, either spin­
dle-shaped or roundish, were surrounded by newly formed
extracellular matrix and blood vessels [Figure 3(B)J. No
phagocytes or macrophages were observed.

Scanning Electron Microscopy

The CMI is a semicircular scaffold in which three surfaces
are recognizable: upper, lower, and lateral. The upper and
lower surfaces appeared composed of dense connective
tissue in which cristae and grooves could be observed. The
cristae were 500 J,Lm long and appeared in a herringbone

Figure 6. The scaffold fibrils show a multimodal distribution with
diameters ranging from 73 to 439 nm (mean. 234 =89 nm). The newry
synthesized fibrils demonstrate a broad distribution with diameters
between 74 and 247 nm with a mean of 126 =32 nm.
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Figure 7. Transmission electron microscopy. of the CMt (A) Empty scaffold lacunae (number sign) are
formed by collagen walls (bar = 2 ,urn). (B) Collagen fibrils are tightly packed and difficult to resolve
with this technique. Their 67-nm period (arrows) is, however, evident (bar = 500 nm).

813

pattern with 80-fLm wide grooves [Figure 4(A)J. The lat­
eral surface of eMI contained lacunae, with diameters
from 60 to 90 fLm. The lacunae were formed by stratified
connective layers in which smaller (5-10 p.m) connective
bundles could be recognized [Figure 4(A)J. At higher
magnification, the walls of the lacunae appeared composed
of a randomly arranged fibrillar network. The fibrils were
tightly packed and their diameters varied from 73 to 439
nm. The collageo fibrils presented the typical 67-nm period
[Figure 4(B )J.

In the biopsy specimens, the multilamellar structure of
eMI was still evident, even though the lacunae were less

recognizable in comparison with the preoperative samples
[Figure 5(A)]. The native connective network of the scaf­
fold was clearly distinguishable from the newly synthe­
sized fibrils, owing to the larger and less unifotm diame­
ters [Figure 5(B)J.

Based upon measurements perfonned at SEM, the scaf­
fold fibrils showed a great variability in diameter, ranging
from 73 to 439 nm (mean, 234 :;; 89 nm), with a
multi modal distribution. Conversely, the newly synthe­
sized fibrils showed a broad distribution with diameters
ranging from 74 to 247 nm with a mean of 126 :;; 32 nm
(Figure 6).
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Figure 8. Transmission electron microscopy of the implant (A) several fibroblast like cells (arrows) with
euchromatic nucleus are present within the lacunae (bar = 5 J.Lm). (B) The cellular cytoplasm shows rough
endoplasmic reticulum. mitochondria, cisternae, and abundant vesicles. Near the cell wall some vesicles
(triangles) are pouring out proteins into the extracellular matrix. The matrix is composed of parallel fibrils of
regular diameters (bar = 450 nm). (C) Rough endoplasmic reticulum is noted in the cell cytoplasm (pointers)
Evident in the extracellular matrix is the typical 67-nm period ofcollagen fibrils (number sign) The matrix adjacent
to the collagen fibrils appears composed of irregular fltamentous material (circles) (bar = 200 nm).

Transmission Electron Microscopy

In the scaffold, no cells or cellular debris were evident inside
the lacunae [Figure 7(A)]. The walls of the lacunae appeared

composed of amorphous material, in which the typical 67-nm
period of collagen fibrils was often recognizable [Figure
7(B)]. After implantation, the lacunae were filled by fibro­
blast-like cells, presenting large nuclei with a poorly con-
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densed nuclear chromatin. The cells were surrounded by new
collagen matrix thm was separated from the native scaffold
by an empty space [Figure 8(A)]. An abundant rough endo­
plasmic reticulum, several mitochondria, cisternae, and nu­
merous vesicles were present inside the cytoplasm. Most of
the vesicles were adjacent to the cytoplasmic membrane;
some of them were pouring out their contents into the extra­
cellular space [Figure 8(B)]. Pseudopodia were also evident,
showing a close relationship with collagen bundles. Similar
to the SEM observation, the newly synthesized fibrils pre­
sented uniform diameters [Figure 8(8)]. At higher magnifi­
cation, filameptous material was visible between collagen
fibrils [Figure 8(C)].

DISCUSSION

The collagen meniscus implant is composed of a three-di­
mensional collagen network, delived from bovine Achilles
tendons and processed to achieve adequate biocompatibility
and shape for human irnplantation. 13- 17 In accordance with
previous studies, no adverse events occurred in this series of
patienl, after CMI. A general improvement in the clinical
status was observed postoperatively, but this trend might also
be related to partial meniscectomy and not only to C!vIT.
However, a recent report highlighted the effectiveness of
C1vlI in controlling knee pain with r~spect to simple menis­
cectomy14 Even though the followup is'too short for dem­
onstrating a chondroprotective role of eM!, there was no
damage to the opposing cartilage surfaces 6 months after
implantation.

On light microscopy, the CMI has lacunae formed by
large, parallel connective laminae that are connected by
smaller fibers. 13, 15-17 This structure is very similar to the in "'"
vivo conditions, and matrix synthesis can be enhanced by a
porous scaffold. Indeed. research has been mainly directed to
the production of pamus meniscus scaffolds, derived not only
Ii'om collagen, '2-17,'9 but also from synthetics, such as poly­
urethanes.2o- 23

The present findings on biopsies, performed 6 months after
C!vII implantation, are consistent with light-microscopy obser­
vations of other authors.13·15.16 The cOIUlective framework ofthe
scaffold is still evident in the biopsy specimens. The invasion of
the lacunae by vessels, fibroblast-like cells and connective tissue
matrix, as well as the absence of phagocytes and macrophages
confirm the biocompatibility of CMI material.

The dense upper and lower surfaces of the scaffold, with
their herringbone cristae, are clearly evident at SENt Such
arrangement, created by the manufacturing process,15.17 of­
fers sufficient mechllilical strength to resist compressive and
shear stresses, and prevents cell migration outside the scaf­
fold in contrast with the porous. multilamellar structure of the
lateral sUlface and inner transverse sections that are designed
for tissue invasion.

The collagen network of the scalfold is composed of fibrils
of variable diameters. This broad distribution is actuaJly quite
distinctive for tendons and has been reported in a range of

different animals,2'l.,25 whereas the newly synthesized colla~

gen fibrils observed in the 6-month biopsies have more uni­
fonn diameters and show a tendency to organize in bundles.
This pattern resembles the normal meniscus ultrastrucrure,26
even though the dimensions of the biopsies do not allow us to
draw conclusions about the general architecture of the colla­
gen network.

TE!vI observation allowed a more detailed study of tissue
ingrowth inside the lacunae. The cells show an intense met­
abolic activity, demonstrated by the poorly condensed nu­
clear chromatin, the cytoplasmic organuli, and the exocytosis
vesicles. The pseudopodia organize the bundles of collagen
fibrils in a three-dimensional network. 27 These features, as
well as the elongated shape, are characteristic of fibroblast­
like cells.28 Nonetheless, these precursor cells are of un­
known origin. Other authors 12.14,16 speculate that the cells
come primarily from the synovium, but currently no defini­
tive data are available to confirm the cell source.

The pericellular filamentous material, the mesh-like pat~

tern of the fibrillar network, the presence of fibroblast-like
cells. and the lack of organization in chondrones demonstrate
that the tissue is still undergoing a maturation process.

CONCLUSIONS

CMI is a tissue-engineering technique designed to prevent
degenerative joint changes caused by meniscectomy. Mor­
phological findings of this case series demonstrate that the
collagen scaffold is still evident 6 months after implantation
and does not elicit any inflammatory reaction. Histological
and ultrastructural evidence of tissue ingrowth support the
hypothesis that eMI possesses tissue-conductive properties
for regeneration of meniscus-like tissue. The short followup
of these four patients does not allow us to confirm its clinical
effectiveness in the long tenn to prevent osteoarthritis. Fur­
ther morphological studies designed to clarify the final evo­
lution of these implants are now under way.
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Appendix V

Additional Histological Data
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Comparison of Risks
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COMPARISON OF COMPLICATIONS WITH PREDICATES

Complications and Potential Risks Collagen Restore Fistula ~urgisis CuffPatch fTissueMend fCR Patch, Peri-Guard
Ilcaffold (DePuy) Plug Stratasis (Organo- (TEl) Enduragen, (Synovis)
(ReGen) (Cook (Cook genesis) Permacol,

Biotech) Biotech) !Pelvicol
(TSL)

Infection X" X· X' X'
"",scess X' X· X' Xl
l\fVound drainage I incisional X' Xt X' Xt Xt
dehiscencel Op site blister
Inflammation I Swelling I Redness I

Xt XtPain I Fever I Granuloma tissue! Cys  X" X· X' X'
Synovitis
I3lerile Effusion X" XT
Seroma/Hematoma Formation X· XT

Induration X· XT
lAliergic reaction X· X·
Immunologic reaction X·T

Adhesion I Agglutination X· X'
Fistula Formation X· X' Xl
Device Stretch I Fracture I Tearl X· Xt Xt
Instabilitv
Device Migration I Extrusion X· Xl xT XT

Delayed or failed incorporation I
X·, Xt Xt Xtinadequate healing J Recurrence of X· X' X'

Defect
issue necrosis XT

Restricted Freedom of Movement I X·,
Stiffness
Prolonged Posl-op Rehab X·
Patient non-compliance with rehab X·

ReGen Biologics - K053621
Confidential

- 31 -



General surgical risks such as
neurological, cardiac or respiratory X'
deficIt
Death X

'From Product Labeling
'From MAUDE Database

ReGen Biologics - K053621
Confidential

- 32-
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