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                                                           INTRODU CTI ON  

Reconstruction of a maxillofacial skeletal defect in the recent past has witnessed a 

paradigm shift in the process of treatment planning. It has now become a 

collaboration between the surgeon and the bioengineer to provide a customised 

stable reconstruction. 

Understanding maxillofacial skeleton from an architectural and biomechanical 

perspective would not only guide the surgeon in planning a reconstruction but also 

the bioengineer to select the biomaterial and design an ideal reconstruction. This 

paper intended to provide an insight into scientific concepts which needed to be 

considered during the designing of biomaterials for reconstruction of maxillofacial 

skeletal defects. 

Any object in the world, from a mechanical perspective is seen only as a material 

of varying physical and chemical (organic / inorganic) properties dwelling in a 

dynamic three-dimensional environment. Bone continuously has been re-modelling 

by adapting to the dynamic loading environment through an established force 

distribution pattern of equilibrium.1 Hence, for a patient requiring reconstruction of 

defects of varying dimensions within the craniomaxillofacial skeleton, its 

architectural complexity should be seen from both the surgeon’s and bioengineer’s 

perspective. Such multidisciplinary approach would provide a customized 

comprehensive reconstructive and rehabilitative solution.2 

 

 
 

BON E -  B IOA CT IV IT Y AN D ARCH IT ECTUR E  
 

 

Bone is a mixture of inorganic and organic material with cells of altering functions 

responsible for growth, repair and remodelling in a dynamic loading environment.3 

Craniomaxillofacial skeletal architecture is a result of constant remodelling 

microscopically and macroscopically over a long time.4 Knowledge of these biological 

and biomechanical properties of bone should be used as a guide to choose the most 

appropriate biomaterial for customized reconstruction. 

Differing from osteoinduction, osteostimulation is a process by which the 

implanted biomaterial microenvironment stimulates the growth factor recruitment, 

migration, and proliferation of cells for osteoinduction.5 It stimulates bone formation 

both at the centre of the scaffold and the edge of the graft, unlike osteoconduction 

where osteogenic cells migrate and proliferate within a scaffold and express their 

bioactivity.6 
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MI CRO SC OP IC TRA BE CU LAR  

ARCH ITE CTURA L E N GIN EER IN G  
 

 

Wolff’s trajectorial theory proposes that trabecular 

architectural pattern decreases the bone stress and weight 

and the stress and strain are evenly distributed throughout the 

trabecular architecture.7 

 

 
Figure 1. Trabecular Micro-Architecture 

 

The key parameters of trabecular bone microarchitecture 

are the trabecular thickness, separation and number. (Fig 1) It 

gives broad understanding of crack propagation through the 

collagen matrix-Hydroxyapatite composite.8 The compressive 

modulus and hardness are also affected by the anisotropy of 

bone which is further due to the differences in collagen fibre 

orientation between lamellae. Science also explores and states 

that if the bone hardness is a direct measure of the mineral 

content, the elastic modulus is a direct measure of the 

interconnectivity of organic and inorganic matrices.9-11 

 

 
 

 

MACR O SCO PI C BA LANC E D FORC E 

DI STRI BUTI ON P ATT ER N  
 

 

 

The load applied at any given point over the 

craniomaxillofacial skeleton is distributed throughout the 

craniomaxillofacial skeleton in a balanced force distribution 

pattern. The design of a maxillofacial skeleton with 

uncompromised skeletal and dental health is a customised 

resultant of this balanced stress distribution.12,13 (Fig. 2) 

Science based on Wolff’s concepts also indicate that 

compressive stress stimulates the formation of new bone and 

hence it is an important factor of bone healing during the 

postoperative phase.14 The elasticity of the muscles and 

tendons attached to the craniofacial skeleton deform the facial 

bone architecture with every minute load on the 

craniomaxillofacial skeleton. But beyond its elastic 

deformation limits during heavy impacts the bone fails 

(fractures). 

Hence this concept of reconstitution of balanced load 

distribution forms the basis of functional anatomical reduction 

and internal fixation in the surgical treatment of facial bone 

repair or reconstruction.15 

 

 

 
Figure 2. Balanced Force Distribution Pattern  

Over Craniofacial Skeleton 

 

 
 

 

BIO M ECH AN ICA L S CA FF OLD D E SI GN 

CON SI DER ATI ON S O F TR ABECU LAR 

MI CROAR CH IT ECTUR E  
 

 

 

Finite element analysis of bone allows us to study bone 

biomechanics at macro, meso, micro and nano levels.16 At the 

macro level bone biomechanics is researched as a whole. A 

proper accurate description of boundary conditions is 

fundamental for a meaningful calculation of physiological 

tissue loading for whole bone. At a meso level, porous 

trabeculae are viewed with small rod like and plate like struts. 

At meso level, Finite Element Analysis (FEA) studies the 

trabecular architecture and mechanical properties from 

biomaterial research perspective. At a nano level, the FEA can 

be used to study the geometry of trabeculae and also factors 

which can be incorporated into the microarchitecture of 

scaffold biomaterial for bone bioactivity.17 

The continuum level FEA is able to incorporate the 

material complexity like inhomogeneity, anisotropy, and non-

linearity.18 But accurate bone microstructure studies are not 

possible. Microstructural level FEA also called as Voxel FEA is 

able to calculate stress / strain behaviour locally within an 

individual trabecula, helping research at micro architectural 

level bone biomechanics. The prediction of mechanical 

behaviour increased when a greater number of architectural 

features were considered during FE analysis. Trabecular 

connectivity is a measure of number of struts meeting at a 

node. The trabeculae with less than 12 three-dimensional 

network connectivity displayed more bending on deformation 

and the ones with more than 12 network connectivity 

stretching dominated, indicating that the material is stiffer.19 

The knowledge of bone at various levels is essential to 

customise a design of the scaffold three dimensionally, so that 

biomechanical failures can be avoided at micro as well as 

macrostructural levels. 
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STRUC TURA L I MP LI CAT I ON S O F 

BIO MA TER IA L POR O SIT Y  

ON O ST EO -A CTIV IT Y  
 

 

 

Macro and micro porosity of a biomaterial are important for 

osteogenesis and angiogenesis.20 Macro porosities with an 

average pore size of more than 100 µm encourage body fluid 

imbibition, cell migration to the core of the implant, 

angiogenesis and osteogenesis. Surface roughness, free 

energy, charge and chemical functionality affect the local 

microenvironmental osteogenic cell attraction and 

interaction. The roughness and free energy of the surface in 

particular are important for osteogenic protein 

adsorption.21,22 The micro porosities in the biomaterial 

provide more nucleation sites for apatite precipitation, by 

causing more degradation and release of calcium and 

phosphate.23 With time, the scaffold is resorbed completely 

and replaced by native bone. 

The rate of degradation should be equal to rate of new 

bone formation. It has been shown that non microporous 

Hydroxyapatite scaffold is non osteoinductive whereas the 

microporous HA with a pore size of 0.4 (µm) is osteogenic. It 

has shown 10 times more adsorption of albumin and 

fibronectin.24 Hence, the structural design of the biomaterial 

scaffold has marked influence on bioactivity. 

The concavity incorporated scaffold, induces bone 

formation in the inner pores and concave surfaces and never 

on the convex surface. The osteoblasts have affinity 

preferentially to grooved surfaces of the scaffold 

architecture.25 The micro porosities not only enhance the 

surface area of biomaterial to enhance more osteogenic 

protein adsorption sites but also induce capillarity, so much 

that they anchor cells which affect osteogenesis, resize and 

absorb them into the micropore even if pore size is slightly 

smaller than the anchored cell. 

It has also been reported that, even if the microporous 

scaffolds did not contain calcium and phosphate in their 

chemical structure, the calcium and phosphate ions present in 

the body fluids are absorbed into the micro porosities which 

further laydown the apatite within the scaffold. Few 

osteogenic proteins are also co-precipitated during the 

process which induce differentiation of the trapped cells into 

osteogenic lineage.26 Mechanotransduction controls 

proliferation and differentiation of bone cells because 

micromotions at interface of the scaffold-bone are very 

important for bioactivity of bone cells.27 The scaffold after 

implantation leads to early infiltration of immune cells 

followed by attraction of osteogenic cells and secretion of 

osteoid resulting in regeneration of functional organised 

native bone tissue. The scaffold then is degenerated due to 

immune cell infiltration and subsequent release of hydrolytic 

enzymes like lysosomal acid lipase, cholesterol esterase and 

reactive oxygen species. Decreased mechanical properties of 

the scaffold during its degradation will be compensated by the 

increased mechanical properties of the new bone formation 

inside the scaffold.28 

 

 

 

 

 

 

CONC LU S ION S  
 

 

 

The current scientific fraternity has taken up the challenge to 

achieve biomimicry by innovating biomaterials which mimic 

bone both structurally and functionally. Osteogenesis, 

osteoinduction, osteoconduction, osteostimulation and bone 

remodelling are the biologically active processes of bone 

which takes place either individually or simultaneously to 

keep up the physiologic equilibrium of bone tissue. Though it 

might or might not be possible to incorporate all ideal 

bioactivities in a single biomaterial, understanding these 

bioactivities and trabecular microstructural complexities 

would guide the scientific community to provide a conducive 

environment for all bioactivities to occur to achieve a stable 

and functional reconstruction of minor / major maxillofacial 

skeletal defects. 
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