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Tooth Development

A. Bud Stage
B. Cap Stage
C. Bell Stage
D and E. Dentinogenesis and

amelogenesis
F. Crown formation
G. Root Formation and

eruption
H.  Function  



Initiation of Tooth Development
l Begins at 37 days of development
l Formation of a continuous horseshoe-band of thickened 

epithelium (primary epithelial band)

Primary epithelial bands



l Begins at 37 days of development
l Formation of a continuous horseshoe-band of thickened 

epithelium (primary epithelial band)

Each band of epithelium will 
give rise to 2 sub divisions:
1. Dental lamina
2. Vestibular lamina 

Initiation of Tooth Development



Initiation of dental development

Factors resident in the:
l First arch epithelium

(gestation day 11)

Ten Cate 8th, Fig. 5-5



Molecular signaling during tooth crown development



Molecular mediators of pattering of the dentition

Field model
(homeobox code model):
l The factors responsible for 

tooth shape reside within the 
ectomesenchyme in distinct 
graded and overlapping fields 
for each tooth family

l Maxilla:
Ø Msx-1/-2: incisors and canines
Ø Dlx-1/-2: multicuspid teeth
Ø Barx-1: molars

l Mandible:
Ø BMP-4 => Msx: incisors
Ø FGF-8 => Barx-1, Dlx: molars

Proposed 
human 
dental 
pattern



Molecular mediators of pattering of the dentition
Ten Cate 8th, Fig. 5-10 

Clone theory:
l Each tooth class is derived from a clone of ectomesenchymal cells 

programmed by epithelium to produce teeth of a given pattern
l A: incisor epi. + molar papilla => molariform tooth
l B: molar epi. + incisor papilla => incisiform tooth

Both patterns can be combined, for temporal factors may play a role.



Bud stage

1. Epithelial incursion
2. Condensation of the 

ectomesenchyme

1. Epithelial incursion
2. Condensation of the 

ectomesenchyme



Bud-to-cap transition
lEarly cap stage: condensation of the ectomesenchyme
l Important mediators: Bmp-4, Msx-1, Pax-9

Ten Cate 8th, Fig. 5-12



Cap stage l Resembles a cap sitting 
on a ball of condensed 
ectomesenchyme

l Enamel organ (dental 
organ, cap), forms the 
enamel of the tooth

l Dental papilla (“ball”), 
forms the dentin and pulp
of the tooth

l Dental follicle/sac:
Ø limiting the dental papilla
Ø encapsulating the enamel 

organ
Ø forms the supporting 

tissues of the tooth
l Dental organ: enamel 

organ, dental papilla
Tooth germ (enamel organ): 
enamel organ, dental papilla, 
dental follicle 



Cap stage

Enamel niche: 
Ø an artifact produced during 

sectioning of the tissue
Ø the enamel organ is a sheet of 

proliferating cells rather than a 
single strand

Stellate reticulum: 
Ø star-shaped epithelial cells
Ø glycosaminoglycan
Ø desmosome



Cap stage

Enamel knot: 
l clusters of  nondividing epithelial 

cell projecting from the inner 
enamel epithelium into enamel 
organ

l is visible in sections of molar cap 
stage tooth germs

l exact role not known
l believed to be the organizational 

center for cuspal morphogenesis
l molecular markers: Fgf-4, Slit-1

Enamel cord: 
cells extending from the 
enamel knot across the stellate 
reticulum to the outer enamel 
epithelium



Bell stage

l Enamel organ resembles a bell
l Morphodifferentiation: tooth 

crown assumes its final shape
l Histodifferentiation: 

ameloblasts, odontoblasts

Cervical loop (zone of reflection):
Ø the region where the IEE and 

OEE meet (at the rim of the 
enamel organ)

Ø give rise to the epithelium for 
root formation



Stellate reticulum

Inner dental epithelium

Stratum intermedium

Dental papilla

Outer dental epithelium

http://www.usc.edu/hsc/dental/ohisto/

l Inner enamel epithelium (IEE):
Ø short columnar cells bordering the dental papilla
Ø high glycogen content
Ø will eventually become ameloblasts

l Outer enamel epithelium (OEE):
Ø cuboidal cells that cover the enamel organ

Bell stage (early)



Stellate reticulum

Inner dental epithelium

Stratum intermedium

Dental papilla

Outer dental epithelium

http://www.usc.edu/hsc/dental/ohisto/

Bell stage (early)

Stellate reticulum:
Ø cushing-like consistency
Ø may support and protect the 

enamel organ
Ø is absent in root portions

Stratum intermedium:
Ø oriented perpendicular to IEE
Ø high alkaline phosphatase activity
Ø assists IEE to form enamel



Stellate reticulum

Inner dental epithelium

Stratum intermedium

Dental papilla

Outer dental epithelium

http://www.usc.edu/hsc/dental/ohisto/

Bell stage (early)

Dental papilla:
Ø contains undifferentiated mesenchymal cells
Ø is referred to as the dental pulp when the first 

calcified matrix appears of the tooth germ



Bell stage

http://www.usc.edu/hsc/dental/ohisto/

Epithelial pearls (cell rests 
of Serre):
Ø fragments of the dental lamina
Ø may form cysts (eruption cysts), 

odontomas, or supernumerary 
teeth



Eruption Cyst



Dental lamina cyst



Formation of the permanent dentition

l successional teeth: permanent incisors, canines and premolars
l as a result of further proliferative activity within the dental lamina, 

lingual to the deciduous tooth germ
l no deciduous predecessors: permanent molars
l originated from the dental lamina that extends posteriorly beneath 

the oral epithelium after the jaws have grown 
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