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ABSTRACT

Objective: The objective of this study is to test the efficacy of the biodegradable
mesh as an alternative fixation device to the titanium mesh for support of onlay
particulate, bone and cancellous, marrow (PBCM) grafts. Two parameters were
evaluated: 1) Bone graft volume maintenance and 2) Calcified tissue surface area and
distribution. Methods: 12 New Zealand white rabbits were used and divided equally
into two groups. In both groups, endochondral, cancellous bone graft was harvested
from the anterior ilium. The bone graft was then compressed and placed as an onlay
onto the lateral aspect of the mandible using two chambers for each animal. In the
control group, the chambers were made of titanium, however in the test group the
chambers were made of poly L-lactide, polyglycolide and trimethylene carbonate
mesh (Inion GTR"" Finland), and thereafter the chambers were fixed to the mandible.
The animals were then sacrificed after eight weeks postoperatively, and then Micro-
CT imaging was performed for the entire sample in order to determine the total
volume of calcified tissue present under each chamber. In addition, Histologic
sections were obtained from each chamber, and thereafter stained using Toluidine
blue and Von Kossa for the purpose of histomorphometric analysis in order to
determine the calcified tissue surface area. Results: When comparing the data from
both the titanium (Ti) and the biodegradable mesh (PLA) groups, Micro CT analysis
showed no significant statistical difference (P— value =0.546) with regard to the
percentage of bone found under the chambers (Ti 15.0% and PLA
13.83%).Interestingly, neither did the histomorphometric analysis show any
significant statistical deference (P-value = 0.8272) with regard to the percentage of
calcified tissue surface area (11 16.86% and PLA 16.17%). Moreover, this calcified
tissue was also found to be evenly distributed in both groups. Conclusion:
Biodegradable mesh made of poly L-lactic and polyglycolic acid copolymers appears
to be an appropriate alternative to the Ti mesh for support of PBCM bone grafts.

However, further clinical trails should be conducted to confirm these findings.



Objective: L’objective de cet étude est de tester I’efficacité de la membrane
biodégradable, comme une alternative pour fixation de la greffe osseuse poreux et
moelleux. Deux parametres sont évaluées : 1) le volume de greffe maintenu, et 2 )
superficie et distribution de tissue calcifiée. Méthodes : douze lapins blancs de la
Nouvelle Zélande sont utilisés. Les sujets sont divisés en deux groups. Dans chaque
group, greffes endochondrales sont collectées de ’ilium antérieur. La greffe est
comprimée et placée en surface, de la surface latérale de la mandibule en deux
chambres séparées pour chaque animal. Pour le group de control, les chambres sont
faites en titane; et pour le group testé, les chambres sont faites en acide poly-lactique,
de polyglycolide et carbonate de trimethylene (Inion GTRTM, Finlande). Les
animaux sont sacrifiés aprés huit semaines apres les opérations, et I’imagerie CT est
utilisée pour I’ensemble du spécimen, enfin de déterminer le volume total de tissue
calcifié sous chaque chambre. En plus, les sections histologiques sont obtenues de
chaque chambre et colorés avec les méthodes de bleu de Toluidine et de Von Kossa,
enfin de déterminer la superficie de la tissue calcifiée. Résultats : Quand les donnés
des deux groups, le group de titane (Ti) et le group des matériels biodégradable
(PLA), sont comparés, les analyses de CT démontre aucune différence significative
(valeur P=0.546) en terme du pourcentage de volume d’os trouvé dans les chambres
(Ti=15.0%, PLA=13.83%). Il faut aussi noter que les analyses histomorphométriques
ont aussi obtenue de résultats similaires (P=0.8272), en termes de superficie du tissue
calcifiée (Ti=16.86%, PLA=16.17%). En plus, la distribution de tissue calcifié¢ est
uniforme dans deux groups. Conclusion : Les membranes biodégradable, fabriquées
des copolymeres d’acides poly-L-lactiques et poly-glycolique sont apparemment des
alternatives appropriées des membranes en titane pour le support des greffes PBCM.
Cependant, des études cliniques plus approfondies sont nécessaire pour confirmer ces

résultats.



ACKNOWLEDGEMENTS

I am deeply indebted to Dr. T.W. Head, my supervisor, who was very helpful in

guiding me in my work.

I would also like to thank the F.O.R.C.E Alumni Foundation for funding this
research project & Stryker Canada for providing the titanium screws that were used

in the experiment.

I would like to thank Dr. Abdullah Al-Harkan, my friend and colleague, who kindly
provided general assistance, encouragement and great ideas throughout all phases of

this experimental study.

I am also thankful to Dr. Janet Henderson and Dr. Adam Hacking, who helped
design and manufacture the titanium mesh and who also made their bone laboratory
available to us. They were kindly available for help and guidance throughout the
entire experiment. Moreover, 1 am grateful to Dr. Letitia Lim, for her great effort in

performing the Micro—CT analysis & preparing the histology slides.

And finally, I am also grateful to my wife, Ghalia for all her great support and

patience.



CHAPTER ONE
INTRODUCTION AND BACKGROUND

1.1.0 GENERAL INTRODUCTION

Dental implants have become one of the most predictable modalities for
treatment of patients who are completely or partially edentulous. The
physiological healing of dental implants depends on the principle of
osseointegration, which is defined as “a process whereby clinically
asymptomatic, rigid fixation of alloplastic materials is achieved, and
maintained in bone during functional loading “(Brdnemark et al. 1969). In
order to successfully achieve this principle, fulfillment of the following two
criteria are required: 1)minimal hard tissue injury during implant site
preparation to maximize the availability and survival of osteoprogenitor cells,
and 2) primary stability of the dental implant which is directly dependent on
the quality and availability of sufficient bone volume ( including both height
and width). Among others, these former criteria are critical factors in
determining the long-term success of dental implants (Branemark et. al. 1999

; Albrektsson et. al. 2001).

Frequently, dental implant placement is complicated by the absence of
sufficient alveolar bone volume. In order to overcome this problem, bone
grafting procedures have been developed to reconstruct various types of bone
defects. Several types of graft materials have been used including autogenous,
allogenic, xenogenic, and alloplastic. The literature confirms that, autogenous
bone grafts are the gold standard for the reconstruction of alveolar and basal
jaw bone deformities (Marx et. al. 1993, 2002). In contrast to other grafting
materials they provide superior results, especially with regards to primary
osteogenesis, osteoinduction, and resorption with bone remodeling.
Autogenous bone grafts have been used in different forms, including

corticocancellous blocks, cortical chips, particulate bone and cancellous
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marrow grafts (PBCM), and in corticocancellous chips. Bone grafting
procedures have been improved with the development of the principle of
“Guided Bone Regeneration” (GBR). This concept uses an occlusive barrier
in order to provide graft stability and prevent the invasion of competing, non-
osteogenic cells derived from the surrounding soft tissue (Kostopoulos et al.
1994, Karring et. al.1995).Different types of barriers have been described in
the literature, including membranes and meshes (both resorbable and non-
resorbable).Each of these systems carries its stated advantages and
disadvantages, these barriers will be discussed in detail in the following

sections.

NON-VASCULARIZED AUTOGENIC BONE GRAFTS

General principles;

The concept of “Bone Graft Incorporation” is defined as; fusion of the
bone graft to the recipient site, which is followed by bone remodeling and
eventually leading to the formation of a more mature bone, thus enabling the
bone graft to withstand continuous functional loading (El-Hakim, 2006). Bone
graft revascularization is considered the initial step of bone graft incorporation
(Burchardt et. al. 1983). Thereafter, it depends on a combination of the
following three  mechanisms: osteogenesis, osteoinduction and

osteoconduction (El-Hakim, 2006).

Osteogenesis is defined as the formation of new bone from
osteoprogenitor cells. The osteoprogenitor cells either arise from the recipient

site or are transplanted into the wound by the graft material. Osteoinduction

refers to the ability of the graft to stimulate mesenchymal stem cells and
osteoblasts at the recipient site, in order to form new bone. These cells are
triggered by other osteoprogenitor cells and / or the production of growth

factors ( BMP’s, TGF-B , etc.). Osteoconduction is the process by which a

bone graft material provides a scaffold to guide the new bone formation, and

thereafter resorb and be replaced by new bone.



1.2.2 Types of bone grafts

Numerous bone graft materials are available for clinical use including;
autogenic, allogenic, alloplastic , and xenogenic bone graft materials .To a
varying degree, all autogenic bone grafts are capable of producing the three
mechanisms that are essential for bone graft incorporation (osteogenesis,
osteoinduction and osteoconduction). Among all available types of bone
augmentation materials they are still considered the most ideal (Marx et al
1993,2002). Multiple donor sites are available for harvesting autogenous bone
grafts including intraoral sites (symphsis, external oblique ridge, and
maxillary tuburosity etc.) or extraoral donor sites (anterior and posterior iliac
crest, tibia, calvarium etc.).Appropriate donor site selection depends on
several factors such as the quantity and quality of bone required for the

reconstruction, and patient preference.

Unlike autogenous bone grafts, allogenic bone grafts provide only
osteoconductive and osteoinductive properties, due to the fact that There are
no viable cells available to induce osteogenesis (Moghadam et al. 2004). This
type of bone graft material however carries the risk of infectious disease

transmission and/ or allergic reaction. (Yildirim et al. 2000)

The alloplastic bone graft materials have only osteoconductive
properties. Jensen and coworkers (1998) have reported favorable clinical
outcome when using alloplastic bone graft materials, although these materials
require prolonged bone healing periods when compared to autogenous bone
grafts (Jensen et. al. 1998). These materials however have the advantage of
being available in unlimited supplies. On the other hand, some alloplastic
bone materials have been found to cause bone growth inhibition (Moghadam

et al. 2004; Stavropoulos et al. 2003).

In contrast to autogenic bone grafts, xenogenic bone graft materials are

only osteoconductive. Their bone generation potential is considered to be
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inferior when compared to autografts (Tuominen et al. 2001). In an in-vivo
experiment, Scamid & coworkers, showed that bovine bone substitute (Bio-
Oss®) is only osteoconductive in the initial stages of bone healing (Scamid et
al. 1997). Moreover , In another experimental study , Slotte & Lundgren
(1999), evaluated the potential of bone generation using bovine bone
substitutes( Bio-Oss®).This study demonstrated that Bio-Oss® arrested bone
formation @ when  compared to the controlled  group(empty
chambers). Moreover, other experimental studies have also shown that bovine
bone substitutes (Bio-Oss®) inhibited bone formation (Stavropoulos et al.
2001, 2003). In addition, xenografts do however have the same advantage as

alloplastic bone grafts, being available in an unlimited supply.

In summary, among all types of bone graft materials that are available,
autogenic bone grafts provide the capability of producing the three
mechanisms that are essential for bone graft incorporation; osteogenesis,
osteoinduction and osteoconduction. Various bone graft materials (i.e.
allogenic, alloplastic , and xenogenic) are now being used in clinical practice.
It has not been concluded however that these materials are equivalent to
autogenic bone grafts. Thus among all these types of bone substitutes,

autogenic bone grafts are still considered the gold standard.

Physiology of autogenic bone graft healing (The two phase theory)

In 1956 the “two phase theory of osteogenesis” was introduced.
(Axhausen et al. 1956). This theory states that, when bone is transplanted
from one area to another within the same individual, the healing of this bone
graft will occur in two phases. Phase I (The cellular phase), starts immediately
since viable cells survive transplantation via plasmatic diffusion of oxygen
and nutrients. Under these circumstances the cells that are likely to survive
these events are osteoblasts. Unlike osteoblasts, osteocytes survive only if
they are located at a distance less than 0.3mm from the mineralized tissue

surface. The cells that have survived the transplantation will proliferate and

10
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deposit osteoid. The end result of this phase is the formation of an
unorganized and immature bone .The PBCM will then complete the
revascularization over a two week period (4lbrektsson et al. 1980 ;Burchardt
et al. 1983 ). Phase two (maturation and remodeling phase) begins in the
second week after bone transplantation and it becomes critical 4-5 weeks
following bone transplantation. This stage involves osteogenesis which is
derived from the host recipient site. Growth factors that are (BMP’s, etc)
released from the bone graft also contribute to the osteoinduction of the
recipient bed. The bone remodeling will convert the immature bone that was
formed in phase (I) to a more organized lamellar bone. The clinical
implication of phase (II) is to determine the quality of the generated bone, and
to facilitate the bone graft incorporation potential. However, the quantity of

the generated bone is determined by phase (I).

In order to achieve the maximum graft quantity, phase (I) of the bone
graft healing process should be optimized. Marx et al. (1993) have made the
following suggestion for further optimizing phase (I) bone graft healing. First,
harvest of cellular bone and condense this graft material to enhance the
cellular density of the transplanted cells. Second, the transplanted cells must
be kept viable during the harvest and storage period. It has been shown (Marx
et al, 1993) that 95% of the bone graft will remain viable for up to four hours
at room temperatures, when preserved in normal saline. Third, the recipient
tissue bed must have sufficient vasculature to support nutritional diffusion and
development of capillary ingrowth. Finally, the graft must be immobilized to

insure good revascularization.

Inlay versus onlay bone graft

Rosenthal and Buchman (2003) demonstrated that inlay bone grafts
exhibit increased volumes with time, in contrast to onlay bone grafts which
resorb with time .In addition these authors ( Rosenthal & Buchman ,2003)

have also shown that when the bone grafts are placed as an inlay, there is no

11
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significant advantage of cortical bone grafts over PBCM grafts with regard to
bone graft volume maintenance. However, when bone grafts are placed as an
onlay, the cortical bone graft maintained a higher bone volume (Ozaki and
Buchman, 1998).1t is also clear in the literature (animal studies and clinical
trials) that inlay bone grafts maintain greater bone volume when compared to

onlay grafts (Ozaki and Buchman, 1998).

The concept of the “biological boundaries” is defined as; predetermined
genetically derived body boundaries that remain constant. Therefore, when
bone grafts are placed in a location in which bone is normally present (inlay)
they are shielded from the soft tissue envelope recoil forces, and thus are
subjected to identical physical forces to those received by the surrounding
bone. These conditions improving the bone graft incorporation and healing
potential. In addition there is an increased bone surface contact area between
the bone graft and the native bone. This feature improves the bone graft
incorporation potential (El-Hakim , 2006). In contrast, onlay bone grafts will
not benefit from these previously stated advantages that are related to inlay
bone grafting; due to the fact that the bone grafts are placed beyond the
biological boundaries. In reference to these preceding studies (Rosenthal &
Buchman, 2003;0zaki & Buchman, 1998) it appears that onlay bone grafting
procedures are more challenging when compared to inlay bone grafting

procedures.

Cancellous versus cortical bone graft:

Cancellous bone graft has the advantage of early revascularization that
starts at two days after bone graft transplantation and is usually completed by
two weeks (Albrektsson et. al. 1980 ; Burchardt et. al. 1983). In contrast,
cortical bone grafts have been found to be more resistant to revascularization.
The revascularization of cortical bone graft usually starts after one week post
implantation and is completed by 4-6 weeks (Gray et. al. 1979). Furthermore,

cancellous bone grafts posses a two times faster osteogenesis potential

12
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compared to cortical bone grafts (Gray et. al. 1972). The majority of the
osteogenic potential comes from stem cell precursors that are derived from the
endosteum and marrow lining. Autogenous, particulate ,bone and cancellous
;marrow grafts (PBCM ) have been shown to be an excellent bone graft
material for the reconstruction of many alveolar and basal bone defects in the
jaws (Marx et. al. 1993, 2002). This is due to its high osteogenic potential
(Gray et. al. 1972) and faster revascularization (Gray et. al. 1979) compared
to that of cortical bone grafts .However, the major disadvantage of cancellous
bone grafts when used as an onlay, is that it requires a fixation device (mesh,
membrane, etc) in order to maintain the graft position and form during the

bone healing process.

In summary, PBCM bone grafts are capable of producing the three
mechanisms that are essential for bone graft incorporation (osteogenesis,
osteoinduction and osteoconduction). Therefore, among all these types of
bone augmentation materials that are available for clinical use, they are still
considered the most ideal (Marx et al 1993, 2002). In addition, this bone graft
material has the advantage of early revascularization, thus further improving
the bone graft incorporation potential and making it more resistant to
infection. All these previously stated advantages make PBCM grafts an
excellent augmentation material for the reconstruction of many bone defects.
However, this bone graft material (i.e. PBCM) does require a fixation device
in order to maintain the graft position and form during the bone healing

process (Marx et al. 1993, 2002)

GUIDED BONE REGENERATION

General principles

The concept of “guided bone regeneration” (GBR) consists of the
creation of a space under occlusive barriers. This will allow only
osteoprogenitor cells to migrate into the created space and thus prevent cells

derived from soft tissues from invading the created space. Osteoprogenitor

13
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cells therefore benefit from lack of competition in forming tissue under the
created space. This concept has been used successfully to generate bone in
different patterns of alveolar bone defects (Kostopoulos et al. 1994 and
Karring et al. 1995).

As discussed previously, onlay bone grafts present a great challenge
with regards to growing and maintaining of bone volume. This is particularly
true with PBCM onlay grafts .Multiple techniques and materials have been
described to facilitate bone grafting outside the biological boundaries. These

materials will be discussed in detail in the following sections.

Types of GBR materials

Various types of non-resorbable and bioabsorbable barriers have been
used as GBR devices. For these devices to attain the concept of GBR, they
should posses the following characteristics; biocompatibility, stability
throughout the critical phases of bone graft healing, space maintenance,
exclusion of undesired non-osteoprogenitor cells, and being easy to use

(McAllister et al. 2007).

There are numerous non- resorbable barriers that are now available for
clinical use such as; expanded polytetrafluoroethylene (eP7FE), titanium
reinforced ePTFE, high-density PTFE, or titanium mesh. These ePTFE
barriers have been studied extensively in both animal experiments and human
trails (Buser et. al. 1993, 1995), thus confirming that the ePTFE barriers are
an excellent GBR device (Buser et. al. 1993, 1995, Bartee 1995). The use of
titanium mesh as a barrier maximizes graft containment and avoids problems
related to barrier collapse (McAllister et al 2007). Multiple experimental and
clinical studies have been preformed in order to verify the effectiveness of the
titanium meshes as a GBR device. These studies have shown reduced bone
graft resorption when titanium mesh was used in alveolar bone reconstruction

(Von Arx et al. 1996, 1998). Titanium meshes are used in clinical practice due

14
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to the following advantages: excellent stability and tissue compatibility,
reduced inflammatory response, and osteocoductivity ( Von Arx et. al. 1996,

1998).

To overcome some of the limitations of non-resorbable barriers, such
as the need for a second surgical procedure for their removal, they have been
largely replaced with biodegradable barriers (McAllister et al 2007).
Biodegradable barriers currently in clinical use fall into two broad categories:
natural or synthetic. Natural products are made of various types of collagen
that are derived from animal origins .Synthetic products are made of poly
alpha-hydroxy acid polymers, primarily polylactic. and polyglycolic acid
copolymers. The two types of resorbable barriers differ in their modes of
resorption; with collagen products undergoing enzymatic degradation while
synthetic barriers are degraded by hydrolysis (McAllister et al.
2007).Although collagen barriers offer improved soft tissue response, they
lacked the ability to maintain adequate defect space to facilitate bone
generation(McAllister et al. 2007). Meshes composed of co-polymers such as
polylactic acid (PLA) and polyglycolic acid (PGA) have been shown to
provide adequate graft stability throughout the critical stages of bone healing,
with no evidence of inflammation (Kinoshita Y et al. 1997). From these

examples of resorbable and non-resorbable membranes and meshes, titanium

and PLA/PLG meshes will be discussed in detail.

Titanium mesh
Multiple types of titanium meshes with varying thickness are available
(perforated or solid, micro/macro-porous) each of which has its own
advantages and disadvantage. Yamada et al. (2003), evaluated bone
regeneration in occlusive titanium caps with and without perforations in a
rabbit model. The author reported substantial fibrous connective tissue
ingrowths in the perforated caps group, this tissue ingrowth resulted in

prevention of new bone formation under the perforated caps. A consensus is

15



not however available with regard to the best mesh to be used in order to

facilitate the bone regeneration process.

Von Arx et. al. (1996) ,published a case report in which they described
a new technique for guided bone regeneration, using a microporous titanium
mesh to stabilize autogenous bone grafts that were harvested from the
mandible (chin or retromolar area),where the basic role of the mesh was graft
stabilization. Excellent graft results were obtained due to; excellent tissue
compatibility, minimal clinical and histological inflammation when mesh was
exposed, and geometric stability. However, the disadvantage of using the

titanium mesh is that it requires a second surgical intervention for its removal.

In a clinical trial, Von Arx et. al (1998), evaluated the clinical and
radiographic healing of dental implants placed in alveolar ridges that had
insufficient bone volume and that had been previously augmented using the
same titanium mesh technique mentioned above. The cohort of patients was
followed for one to three years after implant loading. Interestingly, the authors
found that loaded dental implants which had been inserted into an augmented
alveolar ridge demonstrate clinical and radiographic findings similar to those

of implants placed into a pristine ridge.

In a prospective clinical study, Von Arx et al. (1999), evaluated bone
regeneration around dental implants and peri-implant bone defects, which had
been augmented as previously mentioned. After a six month post-operative
period, the titanium mesh and micro-screws were removed and bone
regeneration was assessed. The mean bone fill was 93% of the bony defects
and the overall healing course was excellent. Thus, this study concluded that a
micro titanium mesh in combination with autogenous bone grafts is effective

for the treatment of peri-implant bone defects.

16
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In_summary, the titanium mesh maximizes graft containment and
prevents the collapse of the created space, thus allowing bone formation
(McAllister et al 2007). In addition, animal experiments and clinical trails
confirm the effectiveness of the titanium meshes in the GBR procedures.
Interestingly, these studies have shown reduced bone grafts resorption when
covered with a titanium mesh in alveolar bone reconstruction (Von Arx et. al.
1996, 1998) Furthermore , titanium meshes are used in clinical practice due to
the following advantages; excellent stability and tissue compatibility, reduced
inflammatory response, and osteocoductivuty ( Von Arx et. al. 1996, 1998).
Given the positive outcomes reported, the use of microporous titanium mesh
is an adequate means of stabilizing autogenous PBCM grafts. However, in
order to overcome the need for mesh removal, researchers began to work on
developing resorbable materials having the same desirable physical properties

as the titanium mesh .

Biodegradable mesh
Research into resorbable meshes has focused primarily on two
synthetic poly alpha-hydroxy acid polymers ;polylactic and polyglycolic acid.
These biodegradable materials have undergone extensive investigations in
vitro as well as in several animal models and clinical trials (Eppley et. al.
1996, 1997; Ferretti et. al. 2002; Edwards et. al. 2001; Cox et. al. 2003;
Landes 2003).

Initial results following clinical applications using polylactic and
polyglycolic acid fixation devices for the treatment of facial fractures, and
maxillary and mandibular osteotomies has been promising (Eppley et. al.
1996, 1997; Ferretti et. al. 2002; Edwards et. al. 2001; Cox et. al
2003;Landes 2003). Interestingly, these clinical trials seemed to demonstrate
that biodegradable plates are biocompatible, structurally adequate to provide
uncomplicated bone healing and completely biodegradable after varying

lengths of time. However, some potential postoperative problems of poly-L-

17



lactic acid have also been reported. These complications include foreign body
reactions and fluctuant swelling at the implantation site (Bergsma et. al.
1993). The foreign body reaction is most likely caused by the high
degradation rate resulting in a large amounts of residual metabolic byproducts
.Polymer combinations have been developed in an attempt to overcome these
major disadvantages of the available degradable devices and also to improve

their physical characteristics.

Eppley et al. (1997) evaluated the healing of a calvarial, inlay
corticocancellous blocks using a rabbit model. A 5x10mm block was
harvested from the parietal bone. The bone graft block was then rotated 180
degree to its original orientation and was stabilized with either a titanium
mesh or a biodegradable mesh (PLA/PLG). Both groups showed complete
healing with no evidence of inflammation. With regard to the degradation of
the biodegradable mesh, after two postoperative months there was no change
in the physical shape of the biodegradable mesh (i.e. appeared identical to
when it was originally placed). Significant physical changes to the mesh
outline occurred after 6 months, and there was complete degradation of the

mesh after 9 months.

Meinig et al. (1997) found that a resorbable poly (L-lactide) membrane
facilitated osseous regeneration across a diaphyseal defect, without any
evidence of local inflammation. Interestingly, in the control group (not
covered with a membrane) the defects were found to be filled with muscle and
soft tissue. In the study group however the membrane appeared to function as
an excellent GBR device; excluding soft tissues invasion, thus allowing direct

bone formation in the created defects.
Kinoshita Y et al. (1997) reported the results of a study in a canine

model which evaluated the reconstruction of continuity defects in the

mandible using a poly L-lactic acid (PLLA) mesh tray and particulate
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cancellous bone and marrow (PCBM). Eight adult dogs were divided into two
groups of four dogs each. In group A, each dog had a tray fixed with stainless
steel wires on each side of the mandibular stumps, with the tray’s concave
surface attached to the inferior border of the mandible (U-fixation). In group
B, the concave surface was attached to the superior border (inverted U-
fixation). Each tray was filled with PCBM from the iliac crest and the
animals were then scarified at 3, 6, and 12 months respectively. All animals
underwent radiographic and histological evaluation. In group A (U-fixation),
complete healing of the continuity mandibular bone defects occurred after 3
months, yet fibrous tissue had invaded through the area above the tray,
resulting in a poorly shaped alveolar ridge. Interestingly, in group B (inverted
U-fixation); there was complete healing of the bony defect with well-shaped
alveolar ridges. This confirms the efficacy of PLLA meshes as a GBR device,
where a more favorable alveolar ridge form being observed in the group that

was covered with a PLLA sheet ( i.e. inverted U-fixation group).

Kinoshita Y et al. (1993) evaluated the following; 1) inflammatory
response related to the degradation of Poly L-lactide acid (PLLA) meshes,
2) the rate of bone formation within the cylinder and 3)the material
mechanical strength. The PLLA meshes were formed into a cylinder and filled
with PCBM bone graft. The PLLA meshes were then implanted
subcutaneously into the back of 22 adult dogs, for a one- year period.
Polypropylene (PP) mesh was used as a control. The results showed no
inflammatory infiltration around PLLA meshes. The bone formation reached
its peak one month after implantation and was mostly observed along the
inner wall of the cylinder, while the PLLA meshes retained 80% of their
initial strength for the first three months. The author concluded that PCBM
graft supported by PLLA mesh would be very effective in the reconstruction

of bone defects.

Sireno et al. (2003) did a clinical study to evaluate the biodegradable
sponge made of polylactide—polyglycolide acid (Fisiografts Ghimas, Bologna,

19



Italy) as a filler material for the preservation of the alveolar ridge following
dental extractions. There were two groups. In the first (test) group the
extraction socket, was filled with PLA/PGA sponge and in the second
(control) group the extraction socket, was left to be filled with blood clot.
After 6 months, a 6 x 3 mm core sample was harvested from the center of the
socket using a trephine. Two parameters were evaluated; the alveolar bone
width and the percentage of mineralized tissue. The results of this study
indicate that there was 0.2mm bone loss of alveolar width in the control
group; in contrast there was 0.7 mm bone gain in the test group. With regard
to the histomorphometric analysis of the percentage of mineralized tissue; in
the test group there was 67% in contrast to the control group which showed
56% of bone. The author concluded that alveolar bone resorption following

dental extraction may be prevented or reduced by the use of this material.

Nieminen et al (2006), preformed an experiment using the sheep
model .The aim of this study was to assess the degradation of poly L-lactide,
polyglycolide and trimethylene carbonate mesh (Inion GTR, Finland) dipped
into an N-methyl-2-pyrroline (NMP) solution and fixed onto the lateral aspect
of the mandible. The animals were sacrificed at 6, 12, 26, 52 and 104 weeks
postoperatively. At 6-26 weeks, the mesh was present and surrounded by a
fibrous connective tissue. At 52- 104 weeks, the mesh and fibrous networks
were non-detectable. Foreign body reaction was not observed. Complete

degradation of the membrane was observed after 12 months.

Rimondini et al. (2005) performed an in vivo experimental study using
a rabbit femoral condyle model to evaluate bone regeneration in critical bone
defects using injectable bioabsorbable PLA / PGA dispersed in a hydrosoluble
matrix. The authors concluded that the experimental material is able to
enhance bone healing in critical bone defects. Histomorphometric data
demonstrated bone maturation improved from 30 to 90 days with the

concomitant degradation of the material. Complete healing of the defect was
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observed at 3 months. This observation demonstrates this material’s

osteoconductive properties.

Imbronito et al. (2005) evaluated, in a rabbit tibia model, the
ultrastructural healing pattern of bone defects filled with a copolymer of
polylactic/polyglycolic acid, at a time point at which it was expected to be
only partially degraded. In areas where the degrading copolymer was present
in small amounts, newly formed bone matrix was detected. Bone formation
took place concomitant with the degradation of PLA /PGA, thus confirming

an osteoconductive nature of this material.

Guillermo et al. (2004) using a rabbit model, evaluated the efficiency
of different fixation screws for support of onlay, autogenous, cortical bone
graft blocks onto the mandible. The graft was harvested from the medial tibia,
and the cortical block was then secured to the lateral aspect of the mandible by
using either titanium, or a biodegradable screw (PLLA/PGA) or no fixation
(control group). In both experimental groups, there was no evidence of graft
mobility, there was obvious graft consolidation without any signs of foreign
body reaction or inflammation. Interestingly, the control group (no fixation)
showed no evidence of graft consolidation. This study shows that the
biodegradable (PLLA/PGA) screws provide excellent initial graft stability,
which in turn facilitated bone graft healing without evidence of inflammatory

reaction.

In_summary, biodegradable polyalpha-hydroxy acid polymers have
under gone extensive research. The use of resorbable membranes made of
combined polymers (co-polymers) has made it possible to overcome most of
the historical disadvantages associated with the use of single polymers (homo-
polymers). Barriers composed of co-polymers have been found to be excellent
osteoconductive devices (Imbronito et al. 2005; Rimondini et al. 2005). They

have been shown to provide adequate graft stability throughout the critical
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stages of bone healing, for inlay grafts and with no evidence of inflammation
(Eppley et al. 1997; Kinoshita et al. 1993, 1997; Nieminen et al 2006).
However, studies testing the effectiveness of these barriers for support of
PBCM as onlay bone grafts are still lacking .Given all these findings, mesh
composed of copolymers would appear to be an appropriate substitute for

conventional titanium meshes to support PBCM bone grafts.

SYNOPSIS:
PBCM bone grafts have been shown to be an excellent bone graft
material for the reconstruction of many bone defects. However, this bone

graft material requires a fixation device in order to maintain the graft position

and form during healing (Marx et al. 1993, 2002).

The literature advocates the use of a titanium mesh fixation device for
PBCM bone graft support (Von Arx et. al. 1996, 1998, 1999). The major
disadvantage is that the mesh needs to be removed prior to or at the time of
dental implant placement. This lengthens the surgical procedure and exposes

the patient to a more extensive surgery.

The biodegradable mesh composed of co-polymers is known to be an
excellent osteoconductive device, providing adequate support for inlay bone
grafts with no evidence of inflammation (Eppley et al. 1997, Kinoshita et al.
1993, 1997; Nieminen et al 2006).Biodegradable mesh would Therefore
appear to be an ideal substitute for titanium meshes for the support of PBCM

as an onlay bone graft.
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2.1.0

CHAPTER TWO
MATERIALS AND METHODS

EXPERIMENTAL MODEL:

Adult New Zealand White (NZW) rabbits were used as the
experimental animals. The NZW rabbit has been used extensively as a model
for bone graft experiments in the maxillofacial skeleton. The rabbits’ bone
remodeling cycle is short (sigma = 6 weeks) while for humans the sigma value
is 17 weeks. Using the sigma ratio between human and rabbit, conclusions

can be extrapolated from the rabbit model to human equivalents (Roberts &

Garetto, 1999).

Adult female NZW rabbits, weighing 3.0 to 4.0 kg were obtained from
the Charles River breeding facility. At least two weeks were allowed to
quarantine the animals (between the purchase date and the experiment date).

The animals were kept in individual cages at the Montreal General Hospital

(MGH) Research Facility.

TREATMENT GROUPS

Twelve (N=12) New Zealand white rabbits were used and divided
equally into two groups. In both groups, endochondral, PBCM bone graft was
harvested from the anterior ilium of the animal (Figure 1). The bone graft
was placed as an onlay on the lateral aspect of the mandible using two
chambers (Figure 4). One chamber was on the ramus of the mandible and the
other chamber was on the body. In one group, the chambers were made of
titanium(Figure 4a), and in the other group, the chambers were made of
biodegradable material; poly L-lactide, polyglycolide and trimethylene
carbonate (Inion GIR" | Finland) (Figure 4a) .The sample size for this
experiment was calculated by Dr. Joseph Lawrence, using the “simple sample

size calculator” software. Based on data derived from a previous experiment
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(El-Hakim, 2006), we chose a 95% confidence level, a standard deviation of
1.5 and a total confidence width of 2.5. The required sample size was found to

be 12 rabbits (N= 12)

Based on random assignment, each animal received a single mesh
(titanium or biodegradable) with two chambers. Both chambers were filled
with autogenous, endochondral PBCM graft harvested from the anterior ilium.
The mesh along with the PBCM grafts was stabilized and fixed on the right
lateral aspect of the mandible, using retention screws for the titanium mesh
and retention tacks for the biodegradable mesh group. The animals in each

group were numbered subsequently from 1 to 6.

EXPERIMENT DEVICE

Group I: Biodegradable mesh (test group)

A 0.2 mm dense porous poly L-lactide, polyglycolide and trimethylene
carbonate mesh (Tnion GIR™ , Finland) was softened and then molded to the
desired shape by press forming the material over a plastic template. This
template is a replica of the internal volume of the titanium mesh. Each mesh
contained two equal chambers, each having a total volume of 50.9 mm3

(Figure 2 b).

Group 2: Titanium mesh (control group)
The titanium alloy mesh contained two prefabricated chambers and was

identical in volume to those in the biodegradable mesh group (Figure 2 a).

OPERATIVE TECHNIQUE

To reduce variability, one surgeon performed all operative techniques.
All animal handling such as injections and anesthesia was performed by MGH
animal health technicians. All the manipulations and procedures performed on
the rabbits were approved by the university veterinarian and the McGill

University animal ethics committee (see Appendices II).
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2.4.0 PREPARATION AND ANESTHETIC TECHNIQUE

2.5.0

To acclimatize the animals, a period of at least two weeks was allowed
between the purchase time and the surgery date. The animals were housed in
individual cages and were given water and food. The animals were kept in a
designated room at the MGH research institute. No animals developed signs
of illness or loss of appetite; therefore no animals were excluded from the

study.

Water and food was withheld from the animal 12 hours prior to the
surgery. At one hour pre-operatively, the animals were sedated by injecting
Butorphanol 0.3 mg/kg intra-muscular. Thereafter, the animal was brought to
the operating room. Intravenous access was established by inserting a 22 gage
catheter into the auricular vein. Next, general anesthesia was induced using a
combination of drugs: Thiopental (25 mg/kg), Acepromazine (0.75 mg/kg)
and Glycopyrolate (0.01 mg/kg). These drugs were injected intravenously and
thereafter, the rabbit was intubated using a pediatric, uncuffed, endotracheal
tube. General anesthesia was then maintained using 2-4% of Isoflurane
inhalation agent. Afterward, the animals were connected to a mechanical
ventilator (using an assisted ventilation mode) for the entire duration of the
surgery. Later, all monitoring devices were applied. These monitors consisted

of a pulse oximeter and a thermometer.

OPERATIVE PROCEDURE

The skin over the right submandibular (recipient site) and left anterior
iliac crest (donor site) was shaved and prepped using a povidine solution.
Next, Cefazolin (Novopharm Ltd., Toronto, Canada) 12.5 mg/Kg was

administered intravenously, just prior to the surgery.
The animals were then placed on the right decubitus position and both

surgical sites were draped. The donor site was approached first. A 2 cm skin

incision was made from the anterior superior iliac spine extending posteriorly
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along the crest of the anterior ilium. The incision was extended through the
skin, muscle and periosteum. This was followed by a subperiosteal dissection
along fhe lateral aspect of the anterior ilium. A 1.5x 0.5 cm cortical bony
window was removed in order to gain access to the cancellous bone(Figurel).
Using bone curettes a total of 0.10cc of cancellous bone was harvested and
then compressed in a tuberculin syringe. The bone was compressed into both
chambers (identical for both titanium and biodegradable group) (Figure 2).
The incisions were closed in two layers; 3.0 vicryl was used to close the
muscle in a continuous fashion closure, followed by a 3.0 plain gut in a simple

interrupted fashion for skin closure.

The animals were then turned and placed in the left decubitus position.
3 cm submandibular skin incision was made along the inferior border of the
mandible, carried through skin, muscle and periosteum, to expose the inferior
border of the mandible. This was followed by a subperiosteal dissection along
the lateral aspect of the mandible (Figure 3a). Using a template; holes were
drilled under the containers to expose the graft to the marrow space (Figure 3
b). Each animal received a single mesh (titanium or biodegradable) that
contains two chambers .Next the mesh was adapted onto the right lateral
border of the mandible. The titanjum mesh was fixed using five screws
(Figure 4a). Alternatively, five biodegradable tacks were used to fix the
biodegradable mesh in place (Figure 4b). The incisions were closed in two
layers; 3.0 vicryl was used to close the muscle in a continuous fashion closure,

followed by a 3.0 plain gut in a simple interrupted fashion for skin closure.
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Figure 1. Donor site bone harvesting (anterior iliac crest) (a) and corticocancellous

bone block (b)

a

Figure 2. Compressed PBCM placed into the Ti (a) and PLA (b) meshes.

b

Figure 3. Exposure of the mandible (a) & establishing bleeding points using a
template (b)
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Figure 4. Ti (a) & PLA (b) mesh, stabilized on the lateral aspect of the mandibule

2.6.0 POST OPERATIVE CARE
After the surgery was terminated the isoflurane was stopped and the
animals were observed for spontaneous breathing. The animals were
extubated after two minutes of regular spontaneous breathing and were kept
under close monitoring for 30 minutes before they were sent to their cages.
Chloromycetin succinate (Pfizer Canada Inc., Kirkland,QC, Canada) 25
mg/Kg Q8h was given to all rabbits for 5 days through the intravenous route.

Buprenorphine (Reckitt Benckiser plc, Slough, UK) 0.04 mg/Kg IM
was used every 12 hours to achieve analgesia. This was done regularly for 48
hours and then on an as-needed basis, according to a periodic evaluation of the
animals by the technicians. All animals were given a liquid diet for 1 to 2
days post operatively and then fed with regular food as tolerated. All animals
were examined and weighed twice a week by the animal health technicians.
None of the animals showed any signs of infection or loss of more than 15%

of their pre-operative weight.
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2.7.0  POST-MORTEM ASSESSMENT AND PREPARATION
2.7.1 Animal Sacrifice
All animals were sacrificed eight weeks following surgery.
Butorphanol (Apothecbn B.V., The Netherlands) 0.3 mg/Kg was given for
sedation prior to sacrifice. Pentobarbital (J. M. Loveridge p.l.c., Southamton,
UK) 150 mg/Kg was then infused through an intraauricular intravenous
cannula. After cessation of cardiac pulsation was confirmed by the animal
health technician, the animals were transferred to the operating room. The
right sides of the mandible were sharply dissected. An en bloc resection of a
portion of the mandible containing the titanium or the biodegradable mesh
was then preformed using a reciprocating saw (Figure 5). The titanium was
found to be covered by bone in various areas. The titanium mesh was removed
by sectioning the mesh using a 702 bur with copious irrigation and by gently
peeling the mesh off the bone with a #9 periosteial elevator (Figure 6). A
small amount of soft tissue was tenaciously attached to upper half of the
titanium chamber. Due to the difficulty that was encountered when dissecting
this soft tissue from the chamber, the soft tissue was discarded with the

titanium chamber.

No separation between the new bone graft and the native bone was
encountered. On the other hand, the biodegradable mesh was found to have
lost its physical strength and was partially resorbed (Figure 10). The residual
biodegradable material was gently removed from the underlying bone graft.
No damage to the underlying bone was noticed. For both groups the
specimens were immediately placed in tubes containing 4% formaldehyde.
The tubes were clearly marked with, the name and number of the rabbit, the
mesh type and the area of the mandible where the bone graft was placed
(ramus vs. body). All specimens were transported to the JTN Wong Labs
(Centre for Bone and Periodontal Research, McGill University, Montréal,

QC) on the same day for further processing.
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a
Figure 5. Post-mortem specimen showing, Ti (a) & PLA (b) meshes

2.7.2 Micro-CT analysis

All samples were scanned using a standard desktop micro-CT
instrument (Model 1072, Skyscan, Aartselaar, Belgium). The scanner was
configured at 100 kV and at 98 nA . The CT scan Images were captured
using a 12-bit, cooled CCD camera (1024 X 1024 pixels) coupled with a fiber
optics taper to the scintillator. The images were then magnified to a 10.94 pm
pixel size. Images were sectioned perpendicular to the native bone with a
21.88 pm distance between each cross-section. Each cross-section was
reduced to half its size in order to facilitate the analysis, given a voxel size of
21.88 x 21.88 x 21.88 um3. Next, the images were viewed using Cone-Beam
Reconstruction Software (SkyScan. Kontich, Belgium).A 3D rendering model
was created (Figure 7, Figure 11) for all specimens using the 3D Creator and
CT-Analyzer software (SkyScan , Kontich, Belgium).

Total calcified tissue volume and percentage of bone:

The micro-CT analysis was performed at the Centre for Bone and
Periodontal Research, McGill University. The total calcified tissue volume is
defined as the total calcified tissue volume that is maintained under both
titanium and the biodegradable mesh at 8 weeks post grafting. This volume
was measured using the 3D Creator software (SkyScan , Kontich, Belgium).:
on a sequence of two-dimensional images from each sample, the area of the

bone and marrow was determined and the software generated a 3D rendering
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2.7.3

model (Figure 7 , Figure 11). A CT-analyzer software (SkyScan , Kontich,
Belgium) was used to calculate the volume of this 3D rendering model which
represent the total volume (in mm3) of calcified tissue found under the

chambers .

Histologic preparation and assessment

The specimens were fixed with 4% formaldehyde and sequentially
embedding in Polymethylmethacrylate (PMMA) following the protocol in
appendix IV. The histological preparations and the histomorphometric
analyses were preformed the J.T.N Wong Labs (Centre for bone and
periodontal research, McGill University, Montréal, QC). Histological
preparations were preformed for 22 out of 24 specimens. The remaining two
specimens were damaged during histological preparation and / or the

embedding procedure.

Histological sectioning and staining

Using a microtome the graft bone blocks were sectioned to produce a
4-5 um thick slices. The sections are produced in a sagital cross section plane
through the center of each specimen. These sections are also perpendicular to
the outer cortex of the mandible. Two representative sections from the centre
of the specimen were chosen and mounted on slides. After deplastification
using ethylene glycol, monoethyl ether and acetate respectively for 30 minutes
each, the staining was applied. The staining was done according to a
standardized protocol (see Appendices IV). An image of the histological slides
that were stained with Von kossa and Toluidine blue was captured using a
digital camera connected to a light microscope at 2.5x magnification (Figure 8

& Figure 12).

Histomorphometric analysis:

Image-J software (version 1.37v) was used to conduct the

histomnorphometric analysis. The histological slide image was captured and
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analyzed. The software was calibrated so that 245.65 pixels equaled 1 mm.
The total calcified tissue was shaded and the particle analyzer feature in the
software was used to calculate the total surface area of calcified tissue within
each group (Ti and PLA groups). An identical procedure was performed to
calculate the amount of calcified tissue surface area in the upper and lower
parts of the chambers in both groups (Figure 9 & Figure 13). Thereafter, the
calcified tissue surface area and distribution (i.e. the amount of calcified tissue

in the upper versus the lower half of the chamber) were evaluated.
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3.1.0
3.1.1

CHAPTER THREE
RESULTS

CLINICAL COURSE

All of the 12 animals were sacrificed 8 weeks after surgery as per the
experiment protocol. None of these animals had an infection at the recipient
site. However three animals had a non-infected open wound at the donor sites
which healed without complications. All of the animals resumed their regular

diet on time. No animals had to be sacrificed due to weight loss.

THE TITANIUM GROUP( CONTROL)
Gross description:

Post-mortem, all the titanium meshes were found to be covered by a
connective tissue capsule. All titanium meshes we found to be stable. No
loose mesh or screws were found. The mesh was uneventfully separated from
the underlying bone graft. The bone graft under the chamber seemed to be
maintaining its original volume. A small amount of soft tissue was
tenaciously attached to upper half of the titanium chamber. No separation

between the new bone graft and the native bone was noticed (Figure 6)

Figure 6. Specimen during removal of Ti mesh (a) & post removal of the Ti mesh
showing maintenance of bone graft volume (b)
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3.1.2 Micro-CT analysis
A total of 12 out 12 bone specimens were analyzed (two specimens/
animal) for the total volume of calcified tissue and percentage of bone present

under the Ti chamber.

All statistical calculations in this study were preformed using “Graph
pad software” (Online Calculator, GraphPad Software, Inc., San Diego,
USA). An unpaired t- test was preformed to compare the means of both
groups. The mean, standard deviations and sample size for both groups were
entered; and next a P-value was generated.

(http://www.graphpad.com/quickcalcs/ttest 1 .cfim?Format=SD)

In the Ti mesh group there was no statistically significant difference
between the Ti subgroups (i.e. the ramus and the body) with regards to
calcified tissue volume and the percentage of bone under the chamber (P
value =0.6131). Therefore, the variable “location” was removed and the two
groups were pooled together to increase the statistical power. The mean
volume of calcified tissue for each Ti subgroup at 8 weeks is presented in
Table 1. The volume of calcified tissue and percentage of bone was

calculated for each specimen (see Appendices V).

Table 1. Volume of calcified tissue means (mm’) and percentage of bone (%)
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Bone volume(mm3) & Percent bone volume (%)

Tibody (CB) Tiramus (CR)

Graph 1. Micro CT volumetric analysis for both Ti subgroups

Figure 7. Micro CT sagital cross section from the center of Ti specimen (a)

& 3D rendering model (b).

3.1.3 Histologic description
Only 10 out of 12 specimens were available for histological analyses.
The remaining two specimens were damaged during histological preparation

and /or the embedding procedure.

Specimens were viewed under a light microscope (2.5 X
magnifications) the bone growth pattern in this group showed adherence of
new forming bone to the titanium chamber walls (Figure8). The calcified
tissue appeared to be evenly distributed throughout the titanium chamber in

both stains (i.e. Von Kossa & Toluidine Blue)
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Figure 8. Histologic slide of Ti specimen (2.5X magnification) stained with
Von Kossa (a) & Toluidine Blue (b)

3.1.4 Histomorphometric Analysis

The total Calcified tissue surface area

There was no significant statistical difference (P-value = 0 .0523)
between the Ti subgroups (i.e. Ramus and body), with regard to mineralized
tissue surface area and percentage of bone in the central cut through the
specimen. Therefore, the variable “location” was eliminated and the two
groups were pooled together to increase the statistical power. A summary of
the results of the histomorphometric analysis is presented in 7able 2. More

detailed descriptions of the results are found in Appendices VI.

Table 2. Calcified tissue surface area means (mm?) and percentage of bone
(%)
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Distribution of calcified tissue under the Ti chamber

In the Ti subgroups (i.e. Ramus and body), with regard to distribution
of calcified tissue in the central cut through the specimen, there was no
significant, statistical difference when comparing the lower half (P-value =
0.2446) and the upper half (P-value = 0.2535) of the chamber between the
two Ti subgroups. A summary of the results of the histomorphometric
analysis is presented in 7able 3. More detailed descriptions of the results are

found in Appendices VI.

Table 3. Distribution of calcified tissue in a sagital cross section through the
center of the Ti specimen by location

= Upper half bone % Lower half bone % Total area bone %l

0
25 T
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Ti body (CB) Tiranus (CR)

Graph 2. Distribution of calcified tissue in a sagital cross section
_ . Through the center of the Ti specimen by location
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Figure 9, Image generated by “Image J” software used for histomorphometric
analysis in Ti group.

3.2.0 THE BIODEGRADABLE GROUP (Test):
3.2.1 Gross description:

Post-mortem, all the biodegradable meshes were found to be covered
by a connective tissue capsule .All the biodgradable meshes and tacks were
found to have lost their physical characteristics (i.e. strength) and to have
undergone partial degradation with a variable amount of residual
biodegradable material scattered on the bone graft. A variable amount of bone
was found beyond the chambers in the areas that were previously occupied by

the mesh (Figure 10).

Figure 10. Post-mortem specimen, showing partial degradation

of PLA mesh.
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MICRO-CT ANALYSES
A total of 12 out 12 bone specimens were analyzed (two specimens/
animal) for the total volume of calcified tissue and percentage of bone present

under the Ti chamber.

In the PLA sub-groups (i.e. ramus and body ) there was no significant
statistical difference between both subgroups with regard to the volume of
calcified tissue and the percentage of bone (P value=0.0554). The mean
volume of calcified tissue for each group at 8 weeks is presented in Table 4.

The volume of calcified tissue and percentage of bone was calculated for each

specimen (see Appendices V)

Ao 3RVFRID

o Bonevolumghm®) & Peraent bone volume (%)

Graph 3. Volume of calcified tissue means (mm®) and percentage of bone (%)
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Figure 11. Micro CT sagital cut from the center of a PLA specimen (a) & 3D

rendering model (b).

3.2.3 Histologic description:
When specimens were viewed under the light microscope (2.5 X
magnifications) the bone growth pattern in this group showed adherence of
the new forming bone to the biodegradable mesh chamber walls (Figure 12).

The calcified tissue seemed to be evenly distributed under the chamber.

Figure 12. Histologic slide of PLA specimen (2.5X magnification)
stained with Von Kossa (a) & Toluidine Blue (b)
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3.2.4 Histomorphometric description:
A total of 12 out of 12 specimens were available for histological
analyses for the following parameters.

Total Calcified tissue surface area

In the biodegradable subgroups (i.e. ramus and body) with regard to
mineralized tissue surface area and the percentage of bone we found no
significant statistical difference when both groups were compared (P-value =
0.5082). Therefore, the variable “location” was eliminated and the two groups
were pooled together to increase the statistical power. A summary of the
results of the histomorphometric analysis is presented in Tables 5. More

detailed descriptions of the results are found in Appendices VI.

1.95

2.33 17.61

Table 5.Calcified tissue surface area means (mm®) & percentage of bone (%)

in PLA subgroups

Distribution of calcified tissue under the biodegradable mesh chambers

In the biodegradable subgroups (i.e. ramus and body) the distribution
of calcified tissue under the chamber was recorded. There was no significant
statistical difference when comparing the calcified tissue area and percentage
of bone in the lower half (P-value = 0.402) and the upper half (P-value =
0.9481) of the chamber between the two biodegradable subgroups. A
summary of the results of the histomorphometric analysis are presented in

Table 6. More detailed descriptions of the results are found in Appendices VI

41



Table 6. Distribution of calcified tissue in a sagital cross section through
the center of PLA specimen by location

)
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Graph 4. Distribution of calcified tissue in a sagital cross section through
the center of both Ti & PLA specimens by location
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Figure 13. Image generated by “Image J” software used for histomorphometric
analysis in PLA group.
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3.3.0 COMPARING TITANIUM AND BIODEGRADABLE GROUPS
3.3.1 Micro-Ct analysis
A total of 24 of 24 bone specimens were analyzed (two specimens/
animal) for the total volume of calcified tissue and the percentage of bone.
When comparing the pooled data from the titanium mesh and the
biodegradable mesh groups, no significant statistical difference was found

with regard to the calcified tissue volume and the percentage of bone under

the chamber (P-- value =0.546)

The mean volume of calcified tissue for each group (i.e. Ti and PLA)

.at 8 weeks is presented in Table 7. The volume of calcified tissue and

percentage of bone was calculated for each specimen (see Appendices V)

Table 7: Pooled values, volume of calcified tissue means (mm’) and percentage of
bone (%) for both groups(Ti &PLA)

Bone volume(nm3) B Percent bone volume (%)
20

Graph 5. Pooled values, volume of calcified tissue means (mm®) and percentage of
bone (%) for both groups (Ti &PLA)
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3.3.2 Histomorphometric description:
A total of 22 out of 24 specimens were available for histological
analysis. The remaining two specimens were damaged during histological

preparation and/or the embedding procedure.

Total Calcified tissue surface area

When the pooled data from the two groups (i.e. Ti and PLA) were
compared with regard to mineralized tissue surface area and the percentage of
bone, no significant statistical difference was found (P-value = 0.8272). A

summary of the results of the -histomorphometric analysis are presented in

Tables 8. Detailed descriptions of the results are found in Appendices V1.

B

Table 8. Pooled values of calcified tissue in a sagital cross section
Through the center of specimens for both groups (Ti & PLA)
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@ Total calcified tissue area (mm2) & Total bone %

Ti PLA

Graph 6. Pooled values of calcified tissue in a sagital cross section
Through the center of specimens for both groups (Ti & PLA)

Distribution of calcified tissue under both groups

The pooled data of both groups were compared (i.e. Ti and PLA) with
regard to distribution of calcified tissue in the center cross section of the
specimen. There was no significant statistical difference when comparing the
calcified tissue area and percentage of bone in the lower half (P-value =
0.5059) and the upper half (P-value = 0.1561) of the chamber between the
two groups. A summary of the results of the histomorphometric analysis is

presented in Tables 9. More detailed descriptions of the results are found in

Appendices VI

Table 9. Pooled values of distribution of calcified tissue in a sagital cross section
Through the center of specimens for both groups (Ti & PLA)
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B Upper halfbone % BLower halfbone % O Total bone %

Ti PLA

Graph 6. Pooled values of distribution of calcified tissue in a sagital cross section

Through the center of specimens for both groups (Ti & PLA)
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CHAPTER FOUR
DISCUSSION

4.0.0 TEST GROUP (PLA MESH)

In clinical trials, PBCM has been shown to be an excellent bone graft
material for jaw reconstruction (Marx et al 1993, 2002). PBCM bone grafts
have the advantage of early revascularization (Albrektsson et al. 1980,
Burchardt et. al. 1983) and enhanced osteogenic potential (Gray et. al. 1972)
compared to other types of autogenic bone graft materials. The literature
advocates the use of the titanium mesh fixation device for PBCM bone graft
support (Von Arx et. al. 1996, 1998, 1999; El-Hakim, 2006).However, the
major disadvantage is that the mesh needs to be removed prior to, or at the
time of dental implant placement. This therefore lengthens the surgical

procedure and exposes the patient to a more extensive surgery.

The results of this experiment indicate that resorbable mesh composed
of copolymers (PLA/PGA) is an ideal substitute for the Ti mesh as a fixation
device for the support of onlay PBCM bone grafts for the reconstruction of
alveolar bone defects. In this experiment there was no significant statistical
deference between these groups (P— value =0.546) with regard to the
percentage of bone found under this mesh. The percentage bone volume
formed under the PLA mesh was found to be 13.83% compared to 15% under
the Ti mesh group (control group).

Studies on the use of PLA membrane to support an onlay PBCM bone
graft are still lacking in the literature. This made comparing the results of this
experiment to those of other studies difficult. The closest studies available are
those of Kinoshita et al (1997) and Eppley et al. (1997) both of which used
PBCM bone grafts as an inlay. In their study, Kinoshita et al (1997) used a
canine model to evaluate the healing of a continuity defect in the mandible

using a PLA mesh tray and PBCM graft. The author reported complete
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healing of the bony defects, producing well shaped alveolar ridges. In a rabbit
model, Eppley and Colleagues (1997) evaluated the healing of calvarial inlay
corticocancellous blocks, fixed with either titanium or biodegradable mesh
made of a copolymer (PLA/PLG). Both groups showed complete healing with
no evidence of inflammation. The results of both studies are in agreement
with the findings of this experiment, confirming that PLA mesh is an efficient

device for GBR procedures.

According to the manufacturer (Inion GTR ', Finland), this material
will biodegrade by enzymatic hydrolysis. The material will start to lose its
physical properties ih 2-4 months after implantation and will completely
degrade by 12 months. This property allows the mesh to withstand the
physical load during the critical phases of bone graft healing. In this study,
after 2 months of healing, all the biodegradable meshes and tacks were found
to have lost their physical characteristics (i.e. strength) and had undergone
partial degradation. Therefore, these findings are consistent with the
manufacturer’s claims. In an in-vitro study the biodegradable material (Inion
GTR", Finland) was found to start loosing its physical properties from 2- 4
months (Nieminen et al. ,2006). These findings are consistent with this
experiment with regard to mesh degradation. In this study, the meshes were in
fact heat-molded and thus it appears that the specific heating temperature used
to mold the mesh did not affect this material’s physical properties. Hence, the

material has maintained its function.

This study adds more evidence to the literature regarding the
osteoconductivity of copolymer (PLA/PGA) material. The histological
assessment shows evidence of new bone formation that is adherent to the
biodegradable mesh. Similar results were found by Imbronito et al. (2005) as
they evaluated the healing pattern of bone defects filled with a copolymer
(PLA/PGA) as a filler material in a rabbit tibia model. Bone formation took

place concomitantly with the degradation of biodegradable material. Based
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4.1.0

on this finding, the authors claimed that the PLA/PGA material is

osteoconductive.

Although there were no soft tissue specimens in this experiment, the
histologic examination of the hard tissue specimens indicates the absence of
any inflammatory reaction. Also in this experimental study, all animals healed
without any recipient site complications, and these findings are consistent
with other studies in the literature where bone grafts underneath copolymer
(PLA/PGA) meshes healed without any evidence of inflammation or foreign
body reaction (Kinoshita Y et al. 1993, 1997). Another experimental study by
Nieminen et al (2006), used the sheep model to assess biodegradation of the
mesh (Inion GTR", Finland) that was implanted on the lateral aspect of the
mandible. The author found the mesh present and surrounded by a fibrous
connective tissue capsule at 6 and 26 weeks. In addition, foreign body
reactions were not observed in any of the specimens. These results are in
agreement with findings from this experiment, although, the authors
(Nieminen et al, 2006) did not comment on the physical properties nor the
outline of the biodegradable mesh at these time points. Their study (Nieminen
et al, 2006) is also the only one available in the literature that evaluates the in-
vitro and in-vivo degradation of the biodegradable membrane (Inion GIR
Finland). As such, the current experimental study has added valuable

information with regards to the degradation of this membrane.

CONTROL GROUP (Ti MESH)

In this experimental study the percentage of bone volume that was
maintained under the Ti mesh was found to be 15%, and these results are in
agreement with the study preformed by El-Hakim (2006). In that study the
author used a similar titanium device to what we have used in this experiment,
to contain the bone graft. The author (El-Hakim ,2006)evaluated volume
maintenance for three different types of autogenic bone graft material

including an endochondoral cancellous bone graft group. The endochondral
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cancellous bone graft group achieved 10.5% bone volume in 6 weeks, while in
12 weeks it achieved 23.5%, thus showing an increase of bone volume with
time. The results of this current experimental study fall in between the two
time periods in that experiment (E/-Hakim, 2006). Such results confirm that

bone graft maintenance underneath the Ti mesh is predictable.

In another study using a rabbit model, Ozaki and Buchman (1998)
applied cancellous endochondral bone grafts on the calvarium of the rabbits,
as an onlay graft, without a fixation device. They found that such a bone graft
retained 8.1 % of its original volume at 8 weeks and only 2.1 % at 16 weeks.
Their results showed a lower percentage of bone volume than what was found
in the current experiment (15%). In the current experiment the percentage
bone volume was almost double that observed by Ozaki and Buchman (1998).
The improved percentage of bone volume in the current study is presumed to

be due to the fixation of the bone graft, with the titanium mesh.

Moreover, this experiment indicated that the Ti mesh is an
osteoconductive device. Histological assessment showed new bone formation
adherent to the Ti mesh and the results of this experiment have also confirmed
the biocompatibility of this material, where all animals healed without any
complication related to the recipient site. The results derived from the current
study are in agreement with those of other studies. Von Arx et. al. (1996,
1998, 1999) published multiple clinical trials advocating the use of
mi.croporous titanium mesh to stabilize autogenous bone grafts for the
reconstruction of alveolar defects and peri-implant defects. These authors
showed complete healing of the bony defects and reported that the excellent
results are due to the effect of the Ti mesh. The Ti mesh thus provided
excellent tissue compatibility, geometric stability and little clinical and

histological inflammation when the mesh was exposed
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4.2.0 CONCLUSION AND RECOMMENDATIONS

This study confirms that bone graft maintenance underneath Ti mesh is
predictable. It was also demonstrated that biodegradable mesh composed of
copolymers (PLA/PGA) is an ideal substitute for the Ti mesh as a fixation
device for the support of onlay PBCM bone grafts for the reconstruction of
alveolar bone defects. The resorbable mesh has been shown to have adequate
physical properties for the support of PBCM bone graft as an onlay. The
copolymer (PLA/PGA) material showed excellent volume maintenance of
bone .In the current experimental study the biodegradation of the PLA/PGA
material with no inflammation was observed. This material starts to lose its
physical properties by 2 months and is completely degraded by 12 months.
Therefore, using a PLA mesh offers the advantage of not requiring removal
prior to or at the time of implant placement, thus exposing the patient to a less
extensive surgery. Given all stated advantage, the PLA mesh can be

considered for further clinical trails.
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Randomization of animals, surgery dates, and sacrifice dates

Appendix 1

Name | Animal # Type of | Date of surgery | Date of sacrifice
implant

Laurier | CB63025 Ti 10/10/2006 6/12/2006
CR63025

Jarry | CB63028 Ti 11/10/2006 6/12/2006
CR63028

Beaubien | CB63027 Ti 11/10/2006 6/12/2006
CR63027

Mcgill | CB63040 Ti 13/10/2006 8/12/2006
CR63040

Saint-Laurent | TB63042 PLA 17/10/2006 14/12/2006
TR63042

Joliette | TB63044 PLA 19/10/2006 14/12/2006
TR63044

Pie-IX | TB63046 PLA 19/10/2006 14/12/2006
TR63046

Langelier | TB63038 PLA 20/10/2006 14/12/2006
TR63038

Beaudry | TB63043 PLA 20/10/2006 14/12/2006
TR63043

Atwater | TB63047 PLA 23/10/2006 18/12/2006
TR63043

Jolicoeur | CB63058 Ti 3/11/2006 3/1/2007
CR63058

Monk | CB63057 Ti 3/11/2006 3/1/2007
CR63057
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Appendix IV
Specimens Preparation and embedding protocol

Preparation:

The bone graft specimens were stored sequentially in the following solutions
for a minimum of 48 hours:

4% formaldehyde vol./vol. for fixation.

70 % solution v/v of ethanol (Commercial Alcohols Inc., Brampton, on.) and
water for drying.

95 % solution v/v of ethanol and water for drying.

1:1 solution v/v of ether/acetone (JT Baker Inc. Jackson, TN) for degreasing
and defatting.

Anhydrous ethanol for final drying.

In addition, magnetic stirring at each stage facilitated permeation of each fluid
into the bone.

Embedding

Prior to embedding, all specimens were pre-soaked for a minimum of
48 hours in asolution of Polymethylmethacrylate (PMMA) (Aldrich
Chemicals, Oakville, On.) inhibited with 10 ppm hyrdoquinone. The PMMA
solution was activated with the addition of 3.5g of benzoyl peroxide (Aldrich
Chemicals) per liter of PMMA monomer. The specimens in monomer were
stored at 4 °C in a refrigerated environment and magnetically stirred.

All specimens were embedded in PMMA. The process of embedding
yielded a sample that was encased in a hard, transparent plastic block. In this
manner the specimens were well preserved and mechanically stable for a
variety of analysis procedures. The liquid monomer was prepared for

polymerization as follows:

The inhibited (10 ppm methyl hydroquinone) PMMA monomer was activated
with the addition of 3.5g of benzoyl peroxide per liter of PMMA monomer.
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2) The activated monomer was heated at 55 ° C in a hot water bath for
approximately six hours. During heating the monomer was stirred each 1/2
hour.

3) When the consistency of the partially polymerized solution was similar to thin
syrup and slightly yellow in color, the solution was removed from the hot
water bath. Upon removal the solution was cooled under tap water and stored

at1°C.
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Samples
CB_63025
CB 63027
CB_63028
CB 63040
CB 63057
CB 63058

Ti body (CB)

CR_63025
CR_63027
CR_ 63028
CR_63040

CR_63057
CR_63058

Tiramus (CR)

Samples
TB 63038
TB 63042
TB 63043
1B 63044
TB 63046

TB_63047

PLA body (TB)

TR 63038
TR_63042
TR 36043
TR_63044

TR_63046
TR_63047

PLA ramus (TR)

Appendix V
Results of the Micro CT

1-Titanium mesh group (Ti)

Bone volume(mm3)
10.94
8.55
7.20
3.74
8.22
5.20

7.31

8.72
5.67
6.40
8.16
10.46
8.39

7.96

Sb

2.56

1.7

_Percent bone volume (%)
21.49
16.81
14.14
7.35
16.15
10.22

14.36

17.12
11.13
12.57
16.03
20.54
16.48

15.65

2-Resorbable mesh group (PLA)

Bone volume(mm3)
3.07
7.18
6.50
5.58
4.19
7.04

5.60

8.41
8.88
9.87
4.82
6.34
12.61

8.49

Sb

1.66

Percent bone volume (%)
6.03
14.11
12.78
10.97
8.24
13.83

10.99

16.52
17.44
19.39
9.47
12.45
24.77

16.67

SD

wn
<
(%)

3.37

3.26

5.35
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Samples
Th

PLA

3-Pooled values Ti & PLA

Bone volume(mm3)

7.64

7.04

Sb

Percent bone volume (%)

15.00

13.83

SD

4.13

5.16
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Appendix VI

Results of the Histomorphometric analysis

1-Titanium mesh group (Ti)

upper hatf

calcified Lower half
Samples surface area calcified
(mm?2) Upper half bone surface area Lower half
% (mm?2) bone %
CB 63025 0.87 6.60 1.74 13.17
CB_63027 0.07 0.54 0.82 6.20
CB 63028 0.69 5.24 1.30 9.84
CB 63040 0.00 0.03 0.77 5.84
CB 63057 1.77 13.38 1.56 11.80
CB_63058 1.17 3.84 1.04 7.85
Ti body
{CB) 0.76 5.77 1.21 9.12
CR_63025 1.75 13.25 1.43 10.80
CR 63027
CR63028 0.30 2.29 3.07 23.17
CR_63040 0.91 6.88 1.70 12.87
CR_63057
CR 63058 2.76 20.86 0.79 5.96
Ti ramus
{CR) 1.43 10.82 1.75 13.20

Total caleitied
tissue area

()
2.62
0.89
2.00
0.78
3.33
2.21

1.97

3.18

3.37
2.61

3.55

3.18

Total bone
19.77
6.74
15.08
5.87
25.18
16.70

14.89

24.05

25.46
19.75

26.82

24.02
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2-Biodegradable mesh group (PLA)

upper half

calcified Lower half Tolal
Samples surface area Upper calcified calcified
(mm2) half bone surface area Lower half tissue area Total bone
Yo (mm2) bone % (mm2) %
TB 63038 0.65 4.92 0.87 6.57 1.52 11.49
TB_63042 0.94 7.10 1.96 14.78 2.90 21.88
TR 63043 0.22 1.66 1.16 8.80 1.38 10.46
TB_63044 0.28 2.12 1.68 12.69 1.96 14.81
TB_ 63046 0.99 7.48 0.69 5.21 1.68 12.69
TB 63047 0.76 5.77 1.49 11.29 2.26 17.06
PLA body (TB) 0.64 4.84 1.31 9.89 1.95 14.73
TR 63038 0.35 2.68 1.33 10.04 1.68 12.71
TR 63042 1.23 9.27 1.91 14.46 3.14 23.73
TR 36043 0.51 3.87 0.85 6.46 1.37 10.33
TR_63044 0.50 3.76 1.83 13.82 2.33 17.57
TR_63046 0.88 6.68 3.49 26.34 437 33.02
TR 63047 0.29 2.17 0.81 6.14 1.10 8.31
PLA ramus (TR) 0.63 4.74 1.70 12.87 2.33 17.61
3-Pooled value Ti & PLA
Lower half Total
upper half calcified calcified calcified
Samples surface area (mm2) Upper half surface area Lower half  tissue area Total
bone % (mm?2) bone % (mm2) bone %
Tt 0.94 7.79 1.42 9.77 2.23 16.86
PLA 0.63 4.79 1.51 11.38 2.14 16.17
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