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Objectives

We sought to determine if a durable bilayer implant composed of trabecular metal with
autologous periosteum on top would be suitable to reconstitute large osteochondral defects.
This design would allow for secure implant fixation, subsequent integration and remodeling.

Materials and Methods

Adult sheep were randomly assigned to one of three groups (n = 8/group): 1. trabecular
metal/periosteal graft (TMPG), 2. trabecular metal (TM), 3. empty defect (ED). Cartilage
and bone healing were assessed macroscopically, biochemically (type Il collagen, sulfated
glycosaminoglycan (sGAG) and double-stranded DNA (dsDNA) content) and histologically.

Results

At 16 weeks post-operatively, histological scores amongst treatment groups were not statis-
tically different (TMPG: overall 12.7, cartilage 8.6, bone 4.1; TM: overall 14.2, cartilage 9.5,
bone 4.9; ED: overall 13.6, cartilage 9.1, bone 4.5). Metal scaffolds were incorporated into
the surrounding bone, both in TM and TMPG. The sGAG yield was lower in the neo-cartilage
regions compared with the articular cartilage (AC) controls (TMPG 20.8/AC 39.5, TM 25.6/
AC 33.3, ED 32.2/AC 40.2 ug sGAG/1 mg respectively), with statistical significance being
achieved for the TMPG group (p < 0.05). Hypercellularity of the neo-cartilage was found in
TM and ED, as the dsDNA content was significantly higher (p < 0.05) compared with contra-
lateral AC controls (TM 126.7/AC 71.1, ED 99.3/AC 62.8 ng dsDNA/1 mg). The highest type
Il collagen content was found in neo-cartilage after TM compared with TMPG and ED (TM
60%/TMPG 40%/ED 39%). Inter-treatment differences were not significant.

Conclusions

TM is a highly suitable material for the reconstitution of osseous defects. TM enables excel-
lent bony ingrowth and fast integration. However, combined with autologous periosteum,
such a biocomposite failed to promote satisfactory neo-cartilage formation.
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Article focus
In our previous studies, we have reported on
the biocompatibility of periosteum and its
known chondrogenic potential in the pres-

Key messages
Trabecular metal is a highly suitable
material for the reconstitution of osseous
defects.

ence of tantalum both in vitro and in vivo.

The present study was a follow-up in a large
animal model and was designed to test the
hypothesis that a durable bilayer implant
composed of trabecular metal with autolo-
gous periosteum on top will be suitable to
reconstitute large osteochondral defects.

Trabecular metal enables excellent bony
ingrowth and fast integration.

However, combined with autologous
periosteum, such a trabecular-metal/
periosteum biocomposite failed to pro-
mote satisfactory neo-cartilage
formation.
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Strengths and limitations
Large animal study and use of critical size defects with
a more realistic translation of the results into humans.
Proof-of-concept for trabecular metal as a bone sub-
stitute in osteochondral defect repair.
Limitation: n = 8 for each treatment group, thus fur-
ther validation with higher numbers necessary.

Introduction

Joint lesions due to degenerative diseases such as osteo-
arthritis, osteochondritis dissecans or trauma are frequent
and devastating.’? Left untreated, substandard scar tis-
sue replaces lesions, which are thereafter predisposed to
progressive joint destruction resulting in pain and
impaired function.# In particular, osteochondral defects
in adults need clinical attention due to the high preva-
lence of early-onset osteoarthritis.> This patient and
health economic dilemma is due to the poor intrinsic
capacity of cartilage for self-regeneration.6

To date, partial or total joint replacement is the bench-
mark for the elderly once the joint surface has signifi-
cantly degenerated. However, even partial joint
replacementis not an option for younger and more active
patients. Consequently, there is considerable interest in
the development of regenerative techniques in order to
replace or restore the damaged or lost osteochondral tis-
sue biologically, or to avoid or at least delay the need for
partial or total joint replacement.

However, the challenge is to deliver a well integrated
and structurally sound, regenerated tissue that has func-
tional and metabolic properties resembling the osteo-
chondral tissue it is replacing. The right combination of
viable cells and scaffolds is the key to creating functional
repair constructs.”8 Not only the cartilage layer but also
the subchondral bone and its interface have become
increasingly important.® Therefore, the interaction and
homeostasis present in osteochondral tissue must be
considered when developing cartilage repair strategies.'?
Regardless of advancements that have recently been
achieved, each with specific indications including lesion
size,!" location,'? and activity demands of the patient,'3
the ideal construct has not yet been found.

The treatment of extensive and/or uncontained osteo-
chondral lesions remains especially troublesome. The
underlying rationale is that the individual demands on
cartilage and bone need to be addressed separately but
in concert within the entire construct.’'5 Both cell trans-
plantation and bone marrow stimulating techniques
were hypothesised to be suitable to overcome this obsta-
cle when combined with, for example, supportive can-
cellous bone grafting.’®'® When using scaffolds,
uncertainties prevail with respect to chemical composi-
tion, biochemical and biomechanical properties, and
architecture.’ Scaffolds used for the reconstitution of
osteo-chondral tissue must be functional and conducive

substitutes for three-dimensional cell arrangement, phe-
notype preservation, differentiated tissue formation and
maturation while resisting mechanical forces until the
growing regenerate is capable of taking over.” Scaffolds
can define the overall shape of the regenerated tissue
thereby eliminating donor site scarcity and morbidity, as
are inevitable for osteochondral allo- and autografting.2°
Suitable biomaterials are either made of naturally derived
or synthetic polymers, having specific benefits and disad-
vantages,?! or are of a hybrid nature. Polymeric implants
are true biological substitutes due to their biodegradability,
and biodegradable bilayer implants were shown to pro-
mote compartmented tissue repair.2225> However, it
appears to be infeasible to match the scaffold’s degrada-
tion kinetics with the evolving regenerative processes,
particularly when facing large and/or uncontained osteo-
chondral lesions.2¢ Degradation issues ultimately lead to
incomplete filling of the defect with heterogeneous repair
tissue. Moreover, it is highly demanding to simultane-
ously initiate chondrogenesis and osteogenesis within
one single construct.

This led us to the hypothesis that a durable bilayer
implant composed of trabecular metal (TM) with an
autologous periosteum graft (PG) on top will be suitable
to reconstitute large osteochondral defects. This novel
design would allow for secure implant fixation, subse-
quent integration, and remodelling instead of degrada-
tion and replacement as postulated for polymeric
scaffolds. TM has lately been used in revision arthroplasty
and for various applications in reconstructive orthopae-
dic surgery.?’,28 Elemental tantalum has been known
since the 1940s for its biocompatibility, low elasticity,
minor frictional characteristics, corrosion-resistance and
excellent bone ingrowth properties.?? It can be manufac-
tured as a highly interconnected porous scaffold with
regular pore shapes and sizes and even in complex
configurations. Instead of covering TM with an artificial
construct for the regeneration of the cartilage layer, e.g.
made of fibrin as described by Jamil et al,3° we chose a
biological graft: autologous periosteum.3! Periosteum
contains pluripotential stem cells with the potential to
form either cartilage or bone. It can be transplanted as a
whole tissue, it can serve as its own scaffold or a matrix
onto which other cells and/or growth factors can adhere,
and it produces bioactive factors that are known to be
chondrogenic. In our previous studies, we have reported
on the biocompatibility of periosteum and its known
chondrogenic potential,32:33 in the presence of tantalum
both in vitro and in vivo.?43* The present study was a fol-
low-up in a large animal model. In order to test our
hypothesis, critical size osteochondral defects in skeletally
mature sheep were treated either with a biocomposite
made of TM and PG on top or TM alone. Repair tissue
was analysed according to the recommendations of the
International Cartilage Repair Society (ICRS).33
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Step 1

TMPG

Fig. 1

Surgical procedure of different treatments. Step 1, periosteal graft elevation from the medial aspect of the tibial head. Step 2, periosteal graft sutured to tra-
becular metal cylinder with cambium facing away from the metal implant. Large pictures show defects that were left untreated (ED) or after implantation of
trabecular metal (TM) or trabecular metal in combination with a periosteal graft (TMPG).

Materials and Methods

study design. Skeletally mature, castrated male sheep
were randomly assigned to one of the following treat-
ment groups: trabecular metal/periosteal graft (TMPG),
trabecular metal (TM), or empty defect (ED) (n = 8 each).
Surgeries were conducted under general anaesthesia
and sterile conditions. All procedures were approved by
the Institutional Animal Care and Use Committee. Post-
operative care was professionally managed by trained
personnel and supervised by veterinarians.
Osteochondral defect preparation. After skin incision
(approximately 6 cm in length) and subcutaneous prep-
aration, the standard medial approach was used for the
mini-arthrotomy (approximately 2 cm in length) of left
knee joints. Eight-mm core cutters were then used to
create an osteochondral defect (8 mm diameter, 13 mm
deep) on the medial aspect of the medial femoral condyle
in the main weight bearing area (Fig. 1). These lesions
were left untreated in the ED control group.

Trabecular metal/periosteal graft osteochondral defect
repair. In the TMPG treatment group, a 10 mm round peri-
osteal flap was harvested using a core cutter and periosteal
elevator from the medial proximal tibia. The grafts shrunk to
approximately 8 mm in diameter once elevated due to their
elastin content. The periosteal graft was then sutured (3/0
Vicryl) to a TM cylinder (8 mm diameter x 12 mm depth)
with the cambium layer facing away from the TM (Fig. 1). The
TM cylinders had a porosity of 75% to 80% by volume and
a repeating arrangement of slender interconnecting struts
which formed a regular array of dodecahedron-shaped pores
(Zimmer Biomet Inc., Warsaw, Indiana). The graft composite
was immediately placed in a culture medium containing 100
ng/mITGF-B1 andkeptthereatroomtemperatureuntilimplan-
tation (approximately five to ten minutes). Subsequently, an
osteochondral defect was created as described above and the
TMPG composite was press-fit implanted with the periosteal
layer below adjacent cartilage level (Fig. 1). The joint was then
repeatedly flexed and extended to ensure secure fit of the
implant without loosening.

Trabecular metal osteochondral defect repair. The TM
treatment group was processed as described above,

yet without a periosteal flap on top of the TM (Fig. 1).
Moreover, the TM cylinder was implanted level with the
adjacent subchondral bone.

Post-operative procedures. Buprenorphine (0.01 m/kg,
intramuscular (IM)) was administered every four to six
hours and Ketoprofen (1 mg/kg, IM) daily for least 48
hours post-operatively. The sheep were housed in small
kennels to restrict movement for the first three post-
operative days and allowed unrestricted movement (pas-
ture) thereafter. Animals were sacrificed approximately
16 weeks after treatment. Two animals of the ED control
group and one animal of the TMPG group died or were
sacrificed prior to study completion due to complica-
tions resulting from penile hypoplasia, which is common
among castrated male sheep.

Macroscopic analysis. Both knees were opened for macro-
scopic analysis (contralateral side as healthy AC control).
Documentation was performed using digital photogra-
phy with a macro lens. Subsequently, a portion of the
regenerated neo-cartilage was removed for biochemi-
cal analysis and the remaining samples were fixed and
prepared for Exakt system histology (Exakt Technologies
Inc., Oklahoma City, Oklahoma).

sGAG analysis. In order to quantitatively assess sul-
fated glycosaminoglycan (sGAG) content of the carti-
lage matrix, a dimethylmethylene blue assay (DMMB,
Blyscan; Biocolor, Northern Ireland, United Kingdom)
was applied to quantify sGAG content within the neo-
cartilage regions. Samples were digested in 1 ml of 50
pg/ml proteinase K (Roche, Warsaw, Indiana) in 100
mM K,HPO, (pH 8.0) at 60°C in a water bath. After 16
hours, 100 pl of sample digest were mixed in with 1 ml
DMMB containing dye reagent, mechanically shaken
for 30 minutes and micro-centrifuged at 10 000 g for
ten minutes to precipitate SGAG dye complex out of
solution. Unbound dye solution was removed and 1
ml dissociation reagent was added. Bound dye values
were quantified at 656 nm using a SpectraMax Plus
spectrophotometer (Molecular Devices, Sunnyvale,
California) and compared with standard curve of
chondroitin-4-sulphate.
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Macro

Macro Exakt

TMPG

Fig. 2
Upper row shows the macroscopic appearance of the best regenerate found after different treatments. Notice the metal implant shining through the glistening white

neo-cartilage both in the trabecular metal (TM) and trabecular metal in combination with a periosteal graft (TMPG) sections. Bottom row shows best histological
results of the different treatments (Exakt system, Safranin-O/ Fast Green). Microscopic pictures do not necessarily correspond to macroscopic sections. ED untreated

dsDNA content. In order to quantify cellularity, a fluo-
rescent PicoGreen double-stranded DNA (dsDNA) quan-
tification assay (Molecular Probes, Eugene, Oregon) was
used to analyse cell content within the neo-cartilage
regions. Samples were digested according to the sGAG
assay. A working reagent solution was prepared as a
200-fold dilution of the concentrated dimethyl sulfox-
ide (DMSO) solution in 1 x TE (20 mM Tris-HCI, 2 mM
EDTA, pH 7.5). A total of 100 ul of sample digest were
mixed in with 100 pl of the working solution and incu-
bated for five minutes at room temperature, protected
from light, and then excited at 480 nm. Fluorescence
emission intensity was measured at 520 nm using a
FLUOstar Galaxy plate reader (BMG LABTECH Inc., Cary,
North Carolina) and compared against the DNA stan-
dard curve.

Collagen typing. Quantitative collagen typing was run in
an automated fashion using the PhastSystem gel electro-
phoresis system (Pharmacia-LKB Biotechnology Group,
Quebec, Canada) and microgram-sized samples. A 1 pl
volume of sample, 8 pug/pl in sample buffer, was applied
to and separated on 20% homogeneous SDS-PAGE Phast-
Gels. The gels were scanned using an LKB laser densitom-
eter and the absorbance curves were integrated with a
computer software package (GelScan; Sebia, Camberly,
United Kingdom). The total percentage of type Il colla-
gen was determined by calculating the ratio of the area
under the a1(II)CB10 peak to that under the a1(I)CB7,8
and a1(INCB11 peaks.

Histological analysis. The main osteochondral defect
repair samples were processed for histology using the
Exakt system, which uses plastic embedding (Technovit;
Heraeus Kulzer Ltd., Hanau, Germany) to allow sec-
tioning of metallic joint implants. Histological sections
were stained with Safranin-O and counterstained with
Fast Green. Morphologic details of both bone and neo-
cartilage were evaluated using a 30-point modification of
the O’Driscoll score3* by five blinded researchers (EHM,
H-WC, |SF, GGR, |CS) in an independent manner for
unbiased assessment.

Statistical analysis. Collagen typing, sGAG and dsDNA
results were analysed statistically with 1- and 2-factor anal-
ysis of variance (ANOVA) with means-contrast compari-
son or Newman-Keuls post hoc testing being performed
where appropriate. Histological scores were analysed as
follows: statistical differences between each treatment
group and corresponding healthy AC controls were
evaluated using ANOVA and a Student's t-test. Statistical
differences between treatment groups were evaluated
using the Least Squares Means Differences. All data are
presented as mean and standard error (SEM). A p-value
< 0.05 was considered significant unless otherwise
specified.

Results

Macroscopic appearance. Defect sites in the TMPG treat-
ment group were almost completely covered with a
repair tissue that had a predominantly cartilaginous and
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Total histological score (maximum 30 points), and cartilage (maximum 22 points) and bone (maximum 8 points) breakdown of regenerates found after dif-
ferent treatments. There was no statistically significant difference between the treatment groups but the score yield of matching healthy controls was always
higher, which was statistically significant (p <0.05). Moreover, the histological sub-scores for the healthy controls were different. This was significant for the
total score and cartilage breakdown (ED, defects that were left untreated; TM, after implantation of trabecular metal; TMPG, trabecular metal in combination

with a periosteal graft).
*p<0.05

smooth appearance (Fig. 2). However, a fragmented
surface structure could also be seen in a few cases.
Moreover, the periosteal graft seemed only to be partly
remodeled and integrated into the adjacent cartilage.
Defect sites in the TM treatment group were also cov-
ered with a cartilaginous and smooth repair tissue, yet
the regeneration of the cartilage layer appeared to be
incomplete leaving the TM cylinder partly visible (Fig. 2).
However, the cartilaginous repair tissue was well inte-
grated into the bordering cartilage. Remarkably, defects
that had been left untreated (ED) were also almost com-
pletely covered with a cartilaginous repair tissue, yet
with an incomplete integration and a rather fragmented
surface in common (Fig. 2). In general, regenerates after
different treatments appeared to be approximately level

with the adjacent cartilage. Joints were void of repair tis-
sue overgrowth or bulging.

Microscopic appearance and histological score. Gross his-
tological appearance generally suggested a better regen-
eration in the TMPG group with a hyaline-like regenerate
on top of the metal scaffold (Fig. 2). A rather fibrocarti-
laginous regenerate was primarily seen in the TM and ED
group. However, neither the overall mean score values
(maximum 30 points), nor the cartilage (maximum 22
points) or bone (maximum 8 points) breakdown revealed
a statistical difference between the different treatment
groups (Fig. 3; TMPG: overall 12.7, cartilage 8.6, bone
4.1; TM: overall 14.2, cartilage 9.5, bone 4.9; ED: overall
13.6, cartilage 9.1, bone 4.5). Nevertheless, the different
treatment groups always scored lower than the matching
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Fig. 4
Left: Sulfated glycosaminoglycan (sGAG) content of neo-cartilage found after different treatments. Neo-cartilage in the trabecular metal (TM) and defects that
were left untreated (ED) group had a sGAG content similar to matching healthy controls, whereas the sGAG content was significantly (p < 0.05) lower in the
TMPG group. Middle: Double-stranded DNA content of neo-cartilage found after different treatments. Hypercellularity was counted in the TM and ED groups,
which was statistically significant (p < 0.05). Cell count after trabecular metal in combination with a periosteal graft (TMPG) treatment was similar to the match-
ing healthy control. Right: type Il collagen content of neo-cartilage found after different treatments. Neo-cartilage found in ED defects contained significantly
(p < 0.005) less type Il collagen than the matching healthy control. No differences were found for the TM and TMPG groups.

*p < 0.05, **p < 0.005

healthy controls (p < 0.05). Moreover, the healthy con-
trols (AC) were scored as significantly different (total and
cartilage breakdown) and the maximum score yield was
not reached, which indicates degenerative changes of
AC. Nonetheless, in both the TM and TMPG treatment
groups, metal scaffolds were nicely incorporated into
the bordering subchondral bone. There were no signs of
implant loosening or inflammatory response.

sGAG content. SGAG yield was consistently lower in the
neo-cartilage regions compared with contralateral AC
controls (Fig. 4 left; mean values after TMPG 20.8 / AC
39.5, TM 25.6 / AC 33.3, ED 32.2 / AC 40.2 pg sGAG
/ 1 mg tissue). This was statistically significant for the
TMPG treatment group only (p < 0.05). Although the
neo-cartilage of the ED group contained more sGAG

than the neo-cartilage of the implant groups, neither
significant inter-treatment nor inter-AC control differ-
ences were found.

dsDNA content. A hypercellularity of the neo-cartilage
was found in the TM and ED treatment groups, as the
dsDNA content was significantly higher (p < 0.05) com-
pared with relating AC controls (Fig. 4 middle; mean
values after TM 126.7 / AC 71.1, ED 99.3 / AC 62.8 ng
dsDNA / 1 mg tissue). dsDNA content in neo-cartilage
after TMPG treatment was also higher compared with
contralateral AC (mean values after TMPG 79.2 / AC 63.0
ng dsDNA /1 mg tissue), yet this difference was not signif-
icant. Neo-cartilage after TM contained significantly more
dsDNA than after TMPG (mean values after TM 126.7 /
TMPG 79.2 ng dsDNA / 1 mg tissue). No significance was
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found comparing TM or TMPG with ED. Nor were inter-
AC control differences statistically significant.

Type 1l collagen content. The highest type Il collagen
content was found in the neo-cartilage of the TM treat-
ment group compared with the TMPG and ED groups
(Fig. 4 right; mean values after TM 59.6 / TMPG 39.4 /
ED 39.2 %). Inter-treatment differences were not sig-
nificant. Neo-cartilage in the ED group contained signifi-
cantly less (p < 0.005) type Il collagen compared with
the relating AC control (mean values after ED 39.2 / AC
77.5 %). Differences between the implant groups and
contralateral AC were not statistically significant (mean
values after TM 59.6 / AC 57.3, TMPG 39.4 / AC 49.3 %).
As for histological scoring, healthy controls (AC) were dif-
ferent regarding type Il collagen content. A significantly
(p < 0.005) higher type Il collagen content was found in
AC controls in ED treated animals (mean value 77.5 %)
compared with AC controls in the other two treatment
groups (mean values 49.3% and 57.3 %, respectively).

Discussion
In this study, a biocomposite implant composed of tra-
becular metal with autologous periosteum failed to
reconstitute the cartilage surface of osteochondral defects
although the tantalum plugs did obtain secure implant
fixation and subsequent integration in the bone.
Implants made of porous tantalum are well known for
their excellent bone ingrowth and interface mechanics.36:37
However, little data were available about the use of
porous tantalum for the restoration of osteochondral
defects.?7:38 Also, it is perfectly obvious that porous tanta-
lum is inappropriate for the regeneration of the cartilage
layer. Or in a broader sense, macroporous scaffolds in
general may cause neo-cartilage surface irregularity,
structural disintegration, and unfavourable tribology as
seen in studies conducted by Shao et al.?2:3% Therefore, a
decision was made for an autologous periosteal graft on
top of the TM cylinder. Periosteum is a biological graft
that fulfils the major prerequisites for cartilage repair.3" It
contains pluripotential stem cells that are capable of dif-
ferentiating into bone and cartilage. Besides superior cel-
lularity, periosteum serves as its own scaffold, providing
attachment sites and growth factors. For the repair of
major osteochondral defects, osteoperiosteal grafts have
been used successfully in the past.3233 However, the use
of a cancellous bone graft may present additional com-
plications to the procedure and produces graft site mor-
bidity. We believed that substituting the autologous bone
graft with an artificial scaffold (TM) for osteochondral
defect repair could be a suitable alternative strategy.
Previously, we demonstrated, using rabbit experimen-
tal models, the biocompatibility and chondrogenic
potential of periosteum3233 in the presence of TM both
in vitro and in vivo.?434 In our in vitro experiment, when
periosteum was cultured on porous tantalum under

chondrogenic conditions, robust hyaline-like cartilage
outgrowth was formed, and the periosteal graft became
firmly attached to the scaffold by fibrous tissue ingrowth.
In our in vivo rabbit experiment, porous TM scaffolds pro-
moted excellent bone regeneration and integration of
the construct into the adjacent tissue. Neo-cartilage for-
mation from periosteum supported by the metal scaffold
was promising. Wherever we found a healthy layer of
neo-cartilage it was well bonded to the underlying sub-
chondral bone. The overall mean histological score for
TMPG was 13.4. This is in line with our present study
with a mean histological score of 12.7 for the TMPG
group. However, biochemical and histological analysis in
the present study revealed that the TM and TMPG treat-
ment groups resulted in a regenerate that was inferior
compared with healthy controls (AC). This was some-
what expected but there were no gross differences
between the TM and TMPG treatment groups. Although
periosteum has established chondrogenic potential and
is a compatible partner of TM,243440:41 neo-cartilage for-
mation after TMPG treatment performed less well than
expected especially when being compared with the his-
tological score yield after treatment with TM alone. Thus,
the high quality neo-cartilage obtained by optimised
chondrogenic culture conditions in vitro could not be
reproduced in vivo in this sheep study.*

Moreover, the defects that were left untreated per-
formed almost identically to the implant groups. Neo-
cartilage in the ED group even contained the highest
sGAG content. These observations do not correlate with
our preliminary study on mature rabbits34 nor with our
previous hydrogel study on mature sheep,*?> demonstrat-
ing that critical-sized osteochondral defects do not heal
spontaneously. Our defects (8 mm diameter, 13 mm
depth) were even larger than those in our previous sheep
model (6 mm diameter, 12 mm depth) and it is generally
recognised that empty critical-sized defects such as those
in our model do not heal properly.22343% One reason for
this divergence could be the accidentally inconsistent
depth of the created defects. As for the untreated defects,
the interpretation of the findings remains uncertain.

Nonetheless, it is clear that the novel design of a TMPG
biocomposite allowed for secure implant fixation and fast
integration within three months. This could potentially
enable early weight-bearing and progressive rehabilitation
protocols for treated patients in the future. Also, TMPG
composites were kept in a culture medium containing
transforming growth factor-g1 (TGF)-1 prior to implanta-
tion in order to enhance cambium layer cellularity and
chondrogenic potential of aged periosteum to levels com-
parable with younger individuals, thereby rejuvenating
aged periosteum.#3 However, this design failed to reconsti-
tute large osteochondral defects in a large animal model.
Possible reasons are the implantation method of the bio-
composite that were press fitted using a hammer after
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having sutured the periosteal flap onto the TM cylinder.
This may have caused damage to the cambium layer of the
periosteum as discussed previously.3233 In order to avoid
this it might have been better if we had sutured the peri-
osteal flap onto the TM cylinder after the metal was
implanted. Moreover, the method of creating the defects
- either using a drill3* or a core cutter*? - potentially caused
bone necrosis.** Other critical factors are unfavourable
biomechanical properties of the implant including high
stiffness and low elasticity that might prevent cartilage for-
mation. Stimulation by continuous passive movement
might have helped to improve chondrogenesis.3233

In conclusion, TM is a highly suitable material for the
reconstitution of osseous defects. TM enables excellent
bony ingrowth and fast integration. However, in the form
of a biocomposite by combining it with autologous peri-
osteum, it failed to promote satisfactory neo-cartilage for-
mation. We could not translate our promising in vitro
results in our rabbit model to a large animal model.
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