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_Introduction

The success of animplantological procedure largely
depends on the alveolar situation and the bone sup-
porting the soft tissues. Until today, complex augmen-
tation procedures pose high demands on the clinician
andthereisstillagreatneedforresearchinthisfield.The
following article discusses the basics of implantology
relevant to bone augmentation and presents an
overview on complex bone augmentation techniques.
Part| of this consecutive article series introduces basics
inbonemorphology,biomaterialsand transplants.Tobe
continued in 2014 with issue 1/2014.

_Basics

Bone morphology

The histomorphology of bone distinguishes be-
tweenlamellarboneofcomplexstructureand plexiform
bone.! Plexiform bone does allow fast healing and
growth, but only simple structures of orthogonal pri-
mary osteone structure with a mechanical overall
weakness of evolutionary relevance in large organisms.
[t is therefore often found in small mammals like mice,
rats,and in partrabbits. Larger mammalsincluding pigs,
dogs and humans have a complex lamellar bone struc-
ture. Ontogenesis of bone in humans starts with em-
bryonalplexiformbonestructuresleadingtothemature
bone structure with secondary osteons (Haversian sys-
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tem). The two morphological forms of bone are cancel-
lous and compact bone. Cancellous bone shows a tra-
becular structure with an internal lumen containing
bone marrow with several function including pluripo-
tent stem cells and vessels. Healing starts in a lamellar
fashion from the bone marrow space. Cortical bone isa
compact more stiff structure with higher mechanical
stabilityand nointernalremodelling capabilities. Thein-
ternal structure of both bone tissues is lamellar as de-
scribed above. Osteons with central Haversian canal
containing osteocyte and vessels surrounded by miner-
alised matrix lamellae is the structure principle of com-
pact bone and surrounded by interstitial lamellae (Fig.
1). Osteocytes are connected with each other via gap
junctions through the Canaliculi ossei. The bony part of
cancellous bone is similar in structure. Periosteum sep-
arates bone from surrounding connective tissue and
consists of two layers Stratum fibrosum (external) and
Stratum osteogenicum (internal) containing nerves,
vessels and also osteogenic progenitor cells allowing
chemotactic migration during bone healing. Bone tis-
sue consists of cellsand matrix (ossein). Ossein contains
anorganic minerals, mostly hydroxyl apatite, and or-
ganic molecules mostly collagen type 1.2 The organic
matrixalso contains several other molecules with com-
plex functions including proteoglycans like aggrecan
with its glycosaminoglycan arms and multiadhesive
proteins but also its hyaluronic acid cores or newly dis-
covered fibrils and other structures under current re-
search.>*

Bone healing

Healing of augmented bone transplants and bioma-
terials at the interface site is analogous to defect frac-
ture healing™®'® aseptic inflammation and chemotac-
tic cell migration; loose preliminary tissue (soft callus);
mineralised immature bone (hard callus); remodelling
resulting in full functional bone (Fig. 2)." This mode of
healing concerns all free avascular transplants includ-
ing quided bone regeneration (GBR) and block aug-
mentations contact healing is therefore not an issue in
alloftheseaugmentationsand would require bothsides
of the healing site to be vasculated vital bone tissue (Fig.
2). The gap healing in bone augmentations includes
lamellar healingattheinterfacessite and the periosteum
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Contact healing

m Haversian canals bridge over the fracture line.

m CAVE: Here, remodelling is essential for com-

plete stability as well.

Fig.2

Defect healing

W A: Inflammation:
haematoma ? chemotaxis/migration 2 granulation tissue
m B: Soft callus.
m C: Hard callus.
m D: Remodelling.

Fig. 2_Synopsis of the types of
bone healing: contact healing (left),
defect healing (right).

Fig. 3_Synopsis of the
subperiosteal implant healing.
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with cell recruitment from blood, bone marrow and the
periosteum depending on the local anatomy (Fig. 3).
This cell recruitment includes local osteoblast progeni-
tors (human trabecular bone derived cells - HTBs), and
blood-derived CD-34-positive embryogenic progenitor
cells (EPCs).’®2' Differentiation of local adult stem cells
is not well understood yet. However, the differentiation
of EPC follows a stepwise change into an osteoblast
while losing pluripotent capabilities from the EPC with
high CD34-positive cells, followed by the stage of "cir-
culating osteoblast lineage cell" towards the "blood
mesenchymal precursor cell" (BMPC) direct differentia-
tion into osteablasts with continuously rising percent-
age of stromal cell-derived factor-1 (SDF-1) CXCR4-re-
ceptor.”® Vascular cells in newly formed bone tissue are
also derived from EPCs.?2% Osteoclast however are part
of themononuclear phagocyte system and derived syn-
cytia formations of these cell lineages.2*Vicerocranial
bone of the facial area is mesektodermal tissue derived
fromthebranchialarchratherthan mesenchymaltissue
derived bone in the remaining skeleton.22 This issue is
often not fully considered when discussion bone of the
skull.

Cell induction in bone tissue: osteoinduction and
neoangiogenesis

The time course of bone healing is influenced by
many factors. This includes the stability and morphol-

ogy of the transplant or mesh graft with biomaterial as
well as biological factors. Those factors are osteocon-
ductivity, osteoinductivity/vasoinductivity and os-
teogenicity present in the bony implant bed and the
graft or mesh. Osteoconductivity concerns macro and
micromechanicaland morphological properties that to
promote a bone tissue specific activity and differentia-
tion including matrix-cell-interactions, but also pore-
size,surface propertiesand interconnectivity of poresin
biomaterials and bone grafts, and finally also external
mechanical influences like shock waves.?-** Osteoin-
ductivity leads to bone growth and differentiation by
specific ligand-dependent cell activation by growth
factors and other molecules, that are mostly related to
the TGF-B family, like BMPs (bone morphogenic pro-
teins) e.g. BMP-2 oder BMP-7, or basic FGF and
VEGF.'635%The last ones are also strong vasoinductive
factors. There are several approaches to apply growth
factors in clinics.**3 However, this application will re-
main limited to specific problematic conditions due to
some main reasons. On the one hand, tissue healing is
limited by cell activity,including the described phases of
bone healing with cell recruitment, chemotaxis, differ-
entiation and specific tissue matrix production that
cannot be accelerated beyond biological limits and ex-
ternal growth factors are therefore not relevant even if
certain effects can be shown invitroand in vivo.":%¢ On
theotherhand,itisafactthatapplicationofgrowthfac-
tors bears the immanent risk of carcinogenic transfor-
mation.®% Qsteogenic properties concern the conti-
nuity of living bone cells after transplantation that can
be achieved with small bone pieces combined with fast
revascularisation (e.g. particulate bone augmentation),
press-fitin cancellous bone healing (clinically not rele-
vant in oral- and maxillofacial surgery), and microvas-
cular transplants like fibula flaps. Main signal transduc-
tion in bone cells includes classic general elements like
ras und MAP-kinases, but also Smad-dependent path-
ways and integrin-associated signaling.’’-% Smad-de-
pendentsignallingincludesspecificsecond messengers
like RunX2 and consists of a complex system of sub-el-
ements depending on the associated ligand-system.
BMPs activate Smad 1, 5 and 8 complex that binds
Smad 4 and others as DNA-binding complex.®% Inte-
grins on the other hand represent an element of signal
transduction activation by specific matrix binding.*>**

_Il. Biomaterials and transplants

Bone transplants and alloplastic biomaterials

We will not discuss the wide field of biomaterial
products in depth as already published elsewhere ®"
Materials for bone augmentation are divided into allo-
plastic (artificial) biomaterials and transplants along-
side with their natural xenogenic, allogenic or autolo-
gous derivatives.®7* Most common alloplastic materi-
als are: B-tricalciumphosphate’ bioactive glasses,”
and hydroxylapatite.”* Bone material can be further



characterized as: autologous (fresh or frozen), allo-

geneic (e.g. DBM "demineralized bone matrix"), and

xenogeneic. Important material properties concerning

bone healing are pore size and interconnectivity, re-

sorbability without severe inflammation and macro

stability of particle material.”*Some of these factorsare

evaluated scientifically like poresizesand surface prop-

erties, while other factorsare mostly clinically bases ex-

periences like macro stability.****Materials can be fur-

ther characterized by their potential to influence bone

healing:® osteoconductive (promotes bony ingrowth);

osteoinductive (induces bone tissue generation by re-

ceptor-mediated cell activation); osteogeneic (mater-

ial contains living bone cells or bone cell precursors).

Most common particulate materials are bone chips

from the implantsite, milled bone blocks, scraped bone

chips, mesh grafts with alloplastic materials (Fig. 4).

Growth factors and tissue engineering are future op-

tion in compromised bone healing and complex recon-

structive surgery.'82%3.41.4-47. 7581 Conceptional prob-
lems arise, if these novel techniques concerning cost
and carcinogenic risks of growth factors are not ad-
dressed.'82245.45:47.76.82.83 Denta| implantology therefore
offerslimited indications for these options.

Donor sites for bone transplants
Choosing the appropriate donor site for bone trans-

plantsis the second step afteranalysis of the defectand
augmentation planning. Most common donor sites
are*
- Mandible

(chin, angle, linea obliqua, corpus mandibulae)®
- Maxillary

(tuber, spina nasalis, crista zygomaticoalveolaris)
- Calvaria (tabula externa)
- Pelvicrim
- Tibia.

Local donor sites are of special interest for applica-
tions in oral and maxillofacial surgery. Intraoral donor
sites are shown to be less painful for patients (Fig. 5).%
Bigdefectsrequireextraoraldonorsitesmostly fromthe
pelvic rim region. Quality and healing properties of var-
ious bone transplants concern their ontological origin
in particular. While local skull bone is branchial tissue of
mesektodermal origin, pelvic and most other bone
transplants are mesenchymal tissues.??® Mandibular
bone is the most common transplant in dentistry with
several donor regions: chin, linea obliqua, angle, corpus
mandibulae, lingual exostosis.57+88 Bone is har-
vested as a block for either immediate transplantation
or generation of particles in a bone mill or similar de-
vice.8+8 Usingascraperisamodern way of directlygen-
erating bone chips.¥” The chin region bears more donor
site morbidity problems due to the mental muscle at-
tachment and should be limited to augmentations in
the same region to avoid a second surgery site or other
seriousindications.®The linea obliqua area offersaver-
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satile donor site with limited
risks and complications if the
anatomyofthealveolarnerveis
carefully evaluated.”* The area
of the mandibular angle is an-
other site in the same area and
similarly difficult with risks for
thelocal nervelike thelingual ex-
ostosis. The maxilla offers only
limited amounts of bone mate-
rial. However, using tuber bone

or scraping chips from the ante-
riorwallincombinationwithsinusliftsurgerycanbethe
right option.Harvesting bone from the pelvic rim is the
method of choice for most indications requiring large
amounts of autologous bone due to limited risks and
good approach.®% There is an anterior and a posterior
approach.®8:9" |t is discussed that the rarer posterior
approach is offering more bone and less morbid-
ity.%8.92 Complications of this donor site are pain,
bleeding, nerve lesions (N. cutaneus femoris lateralis),
and fractures of the pelvic bone.®

Editorial note: To be continued in implants 1/2014 with
osteotomy and complex bone augmentation techniques.
Acomplete list of references is available from the publisher.
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Fig. 4a—f_Common augmentation
materials: a) bone chips from the
implant bed, b) bone mill for
particularization of blocks, c) bone
scraper, d) commercial biomaterial.
Fig. 5_Bone harvesting sites

in the jaw: metal, Crista
zygomaticoalveolaris and Tuber
maxillae; Linea oblique of the
mandibula and the angle of the jaw.
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