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ÅTooth Bioengineering

ÅSummary
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DENTAL DISEASE

ÅCaries - one of most prevalent infectious diseases in the World 

ÅCauses significant suffering, discomfort & loss of quality of life 

(The World Oral Health Report) 

ÅTreatment is empirically based, i.e. fillings

Åhigh failure rates of ~60% after 5 years 

ÅEconomic burden 

Å16-million restorative procedures costing ~£4bn pa (UK) 

ÅBeyond budgets of developing nations



Filling (enamel/dentine decay)

Root Canal Therapy (pulp infection)

Implant Therapy (unrestorable)



FUTURE DENTISTRY

ÅPrevention of disease
ÅOral health promotion

ÅUnderstanding disease process

ÅRisk biomarkers

BIOLOGICALLY-BASED TREATMENTS 



TOOTH DEVELOPMENT



PRIMARY DENTINOGENESIS 
IN DEVELOPMENT
[17-18 WEEKS I.U. (LATE BELL STAGE)]

ÁOdontoblast differentiation starts at 

cusp tip, spreads apically (gradient)

ÁGrowth factors, e.g. TGF-b1, BMP2, 

IGF, etc, key signals for odontoblast 

development & activity

ÁDentine formation immediately after 

odontoblast differentiation
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DENTINE-PULP COMPLEX IS 

VITAL & CAN BE REGENERATED !

ÁIntimate relationship between 

odontoblasts & dentine

ÁAmeloblasts no longer present 

on mature tooth
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ÅCapillaries 

- enter/exit pulp through 
apical foramen 

-straight course to central 
areas of coronal pulp

- lateral branching & 
extensive plexus

Resin cast of canine molar

PULPAL BLOOD SUPPLY

ÁGOOD BLOOD SUPPLY ESSENTIAL DURING DENTINOGENESIS !



INNERVATION
ÅPulp richly innervated
Åi.e. >900 fibres enter premolar

ÅEnter as nerve bundles thru apical foramen 
Ånumerous lateral branches

ÅPulp can distinguish
Åpain, mechanical, thermal & tactile stimuli

ÅSome axons in tubules close to odontoblast 
process but no junction/synaptic relationship

ÅFrequency & density of intratubular nerves varies 
throughout tooth 
Åmay explain differential sensitivity

ÅRelationship may relate to hypersensitivity



DENTAL CELLS RECOGNISE & RESPOND TO INFECTION



Love & Jenkinson. (2002) Invasion of dentinal tubules 

by oral bacteria. Crit Rev Oral Biol Med. 13:171.

Bacteria ðPrime Enemy

ÁPyrosequencing of 7 endodontic infected 

specimens identified 179 bacterial genera in 

13 phyla

ÁComplex and highly diverse

J Dent Res (2010) 89:980
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DENTINE-PULP COMPLEX RESPONSE

ÁInitially odontoblasts

ÁLater pulp core cells

- fibroblasts 

- resident immune 

- neuronal 

- endothelial 

- stem cells   


