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Objective: Tooth eruption has been a subject of extensive scientific studies; and literature is
replete with different mechanisms of migration of a tooth from its bony crypt into the oral cavity.
However, there is no common ground on the nature and source of the propelling force among the
proponents of these theories. The purpose of this study was to explore the possibility of unifying
the currently accepted mechanisms of tooth eruption under single theory.

Materials and Methods: A detailed and systematic analysis, synthesis and integration of
the findings from relevant scientific studies on mechanisms of tooth eruption were conducted
using search engines such as Medline and PubMed. During the search, phrases such as “tooth erup-

tion”, “tooth eruption theories”, “tooth eruption and neuromuscular system”, “mechanosensation
and mechanotransduction” were used. Scholarly published articles on tooth eruption process from

1940 to 2015 were selected based on specific inclusion and exclusion criteria.

Results: The findings from these relevant scientific studies clearly showed a common factor
- a propelling force during the different phases of tooth eruption. This propelling force has been
explained in terms of piezoelectricity, mechanosensation, mechanotransduction, biomechanical,
biochemical, cellular, molecular and enzymic activities involving the jaws and other facial bones
during eruption of the developing tooth.

Conclusion: “Neuromuscular theory of tooth eruption” or “unification theory of tooth erup-
tion” is based on neuromuscular forces, arising from muscular contractions in the orofacial region.
These neuromuscular forces are being proposed as the origin of the propelling force during the

different phases of tooth eruption process.

Key words: Mechanosensation, Mechanotransduction, Neuromuscular, Theory, Tooth erup-

tion.

Introduction

ooth eruption is the migration or movement of

a tooth through its bony crypt and oral mucosa

until its emergence into the oral cavity where it
establishes its final position at the occlusal plane [1-6]. The
initiation, formation, growth, development and eruption
of teeth are sequentially arranged as part of general devel-
opment of the organism [1-7]. However, tooth growth, de-
velopment and eruption constitute an independent process
but it can be influenced by general factors such as nutri-
tion, hormones, trauma etc. [8-12]. The size, shape, num-
ber, timing of formation, growth, development and erup-
tion of teeth are genetically determined but environmental
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factors play an important role in the eruption process and
final positions of teeth in oral cavity [13,14]. It should be
noted that all the known theories or hypotheses of tooth
eruption (vascular pressure and blood vessel thrust, pul-
pal pressure and pulpal growth, traction by periodontal
fibroblast, root elongation, alveolar bone remodeling, for-
mation and renewal of periodontal membrane agree on
one point that a force is responsible for the migration of a
tooth from its bony crypt into functional occlusion in the
oral cavity [1-7].
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However, the proponents of these theories differ in
the source and mechanism of the eruptive force. An-
other established fact about tooth eruption is the po-
larization of the process of bone resorption and bone
formation on the coronal part and apical region re-
spectively [15-18]. It is also well established, through
animal experimental studies, that cellular, molecular
and enzymic activities, within and around the dental
follicle and enamel organ of the erupting tooth, are in-
creased as exemplified by the increases in the inter-leu-
kin as well as cells such as osteoclasts, osteoblasts and
monocytes [19-35]. The localized molecular, cellular
and enzymic processes and changes around the de-
veloping and erupting teeth are considered as parts of
the genetically pre-determined sequence of events in
the process of initiation, formation, growth, develop-
ment and eruption of teeth [19-35]. The activities of
these molecules, cells and enzymes are geared towards
preparation of the tooth bony crypt for eruption as well
as sustaining the eruption process until functional oc-
clusion is established [1-7].

A combined consideration of all these theories can
throw more light into the understanding of tooth erup-
tion but none of these theories can individually explain
tooth eruption process because of many unanswered
questions and challenges that are associated with all
the known theories of tooth eruption e.g. post-eruptive
movements of teeth, eruption of rootless tooth, occlu-
sal migration of retained root, eruption of surgically
implanted replica of a tooth which had been removed
without disturbing its follicle, mesial drift, supra-erup-
tion of a tooth without an antagonist, continuous erup-
tion of rodent’s incisors etc. [1-7]. The purpose of this
“neuromuscular theory of tooth eruption” is to explore
the possibility of unifying all the well-known and ac-
cepted theories of tooth eruption under single theory
that can adequately explain the origin of the force be-
hind tooth eruption process as well as answering the
challenging questions of the current theories of tooth
eruption. In this context the part one of this review
article is concerned with a brief summary of the cur-
rently accepted theories (mechanisms) of tooth erup-
tion, a clear definition and explanation of the proposed
neuromuscular theory of tooth eruption, methodology
of the review process and the thinking behind the pro-
posed theory.

Summary Of Causes Of Tooth Eruption
(Theories)

2.1 Growth and Root formation: This undoubtedly
causes an overall increase in the length of the tooth.

This increase must be accommodated by the growth
of the root into the bone of the jaw, by an increase in
jaw height or by the occlusal movement of the crown.
The root growth theory presumes that the proliferat-
ing root encounters a fixed structure; and the apical-
ly directed force is converted into a reactive occlusal
force that causes coronal movement of the erupting
tooth. Some facts disproving this statement include the
fact that rootless teeth erupt, that some teeth erupt to
a greater distance than the total length of their roots;
and the teeth still will erupt after the completion of
root formation or when the tissue forming the root are
removed surgically.

2.2 Vascular Pressure and blood vessel thrust. It is
based on a known fact that the teeth move in their
sockets in synchrony with the arterial pulse. So, local
volume changes can produce limited tooth movement.
The vascular pressure and blood vessel thrust theory
suggest that a local increase in tissue fluid pressure in
the periapical region is sufficient to move the tooth [1].

2.3 Bone Remodeling (Apposition and Resorption of
bone). This is based on the evidence of bone resorption
at the coronal aspect of an erupting tooth while bone
apposition takes place at the apical region of the erupt-
ing tooth. The dental follicle has been found to be the
source for new bone-forming cells and the osteoclasts
that are essential for bone remodeling.

2.4 Periodontal Ligament Traction. This based on the
assumption that PDL-Dental follicle complex possesses
eruptive force because of the traction power that fi-
broblasts have and because of the experimental results
using the continuously erupting rat incisor.

2.5 Control of Endocrine Glands. The growth hor-
mones are essential for growth and development of the
organs, tissues and cells of the human body.

2.6 Pressure from muscular action: This is a major fac-
tor in eruption process as exemplified by delay or out-
right failure of tooth eruption owing to neuromuscular
disorders and myopathies such as muscular hypotonia.

2.7 Effect of Nutrition cannot be overemphasized in
the growth and development of the cells, tissues, or-
gans and systems of the human body. Deficiencies of
nutrition have been associated with stunted growth
and numerous local and systemic diseases.

2.8 Inherent tendency of teeth to erupt. Teeth are ge-
netically primed to form, grow, develop and erupt in a
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sequential order.

The Hypothesis
3.1 Definition

The “neuromuscular theory” of tooth eruption states
that the coordinated forces of the orofacial muscles, un-
der the influence of the central nervous system, are re-
sponsible for the pre-eruptive, eruptive and post-erup-
tive movements of a tooth with limited growth; and
that a time-space dependent, genetically coded and
sequentially controlled cellular, enzymic and molecu-
lar events (within and around the dental follicle and
enamel organ of the developing tooth) would have pre-
pared a pathway for coronal movement of the tooth
under the control of the coordinated neuromuscular
forces, at the different stages of eruption, until func-
tional occlusion is established.

3.2 The basic assumptions of this theory:
The basic assumptions of this theory are:

3.2.1. The timing, sequence, initiation, formation,
growth and development of teeth as well as molecular
and cellular activities during eruption phases are ge-
netically controlled [1-7].

3.2.2. The coordinated neuromuscular forces of the
orofacial muscles, while stimulating alveolar and basal
bones’ growth, are responsible for pre-eruptive, erup-
tive and post-eruptive movements of teeth [8-17].

3.2.3. The coordinated neuromuscular forces are con-
verted into electrical, electrochemical and biomechan-
ical energies for the stimulation of cellular and mo-
lecular activities within and around the dental follicle
and enamel organ to prepare a pathway as well as other
cellular functions for eruption of a developing tooth
[18-35].

3.2.4. These forces seem to be active throughout life
time. However, they are post-eruptively opposed by an-
tagonistic tooth reactive forces [7,36].

3.2.5. Eruption speed tends to be associated with the
degree of muscular activity [7,36].

3.2.6. Period of rapid growth and development of the
jaws has been associated with period of rapid growth of
orofacial muscles and tooth eruption [7,36].

3.2.7. The trajectory of the depressor and elevator mus-
cles’ resultant forces is always directed towards the oc-
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clusal plane i.e. occlusally orientated in the absence of
other disorientating factors [7,36].

3.2.8. The internally or externally generated neuromus-
cular forces can answer the questions of post-eruptive
movements of teeth, eruption of rootless tooth, erup-
tion of implanted plastic replica of surgically removed
developing tooth germ without disturbing its sur-
rounding follicle, continuously growing of rodents in-
cisors and guinea pig molars as well as occlusal move-
ment of retained roots of fractured teeth [36-46].

Methodology
4.1 Literature search

A search of literature on tooth eruption was con-
ducted using search engines such as Google Scholar,
Medline, PubMed, and Index Medicus. During the

»

search, phrases such as “tooth eruption”, “tooth erup-

» <

tion failure”, “general factors affecting tooth eruption,

» o«

“tooth eruption theories”, “Tooth eruption and bone

» o«

modelling”, “tooth eruption and neuromuscular sys-

» <

tem’,

» <

tooth eruption and genetics”, “tooth eruption
and environment’, “tooth eruption and periodontal
ligament”, “mechanosensation and mechanotransduc-
tion” were used. Scholarly published articles on tooth
eruption process from 1940 to 2015 were selected
based on specific inclusion criteria.

4.1.1. The inclusion criteria include:

(i) Peer-reviewed original and systematic review arti-
cles; (ii) Peer-reviewed journals; (iii) Full manuscripts
on eruptive process with particular attention on erup-
tion mechanisms, motive force behind eruption, mo-
lecular, cellular, enzymic, environmental and genetic
factors, theoretical explanation of eruption events,
roles of neuromuscular system and periodontal liga-
ment in normal and abnormal eruption processes;

(iv) Studies conducted on humans, other primates and
animals; (v) studies conducted anywhere in the world;
(vi) studies in children and adults; and (vii) articles
written in english language.

4.1.2. The exclusion criteria include:

(i) Non-systematic reviews, abstracts, unpublished
data, case report, and commentaries; (ii) non-English
manuscripts; and (iii) studies which do not give theo-
retical explanation on mechanisms of tooth eruption.

One hundred and nineteen articles were selected
based on the aforementioned inclusion and exclusion
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criteria. The findings from these studies were subject-
ed to critical analysis, synthesis and integration for the
purpose of establishing a common origin of the motive
force behind tooth eruption.

The Thinking Behind The Theory

The thinking, concerning this proposed theory, is
based on the established roles of neuromuscular sys-
tem in the growth and development of the jaw bones,
other facial bones as well as tooth eruption. This con-
cept of “neuromuscular theory” is an attempt to unify
all older theories of tooth eruption (vascular pressure
and blood vessel thrust, pulpal pressure and pulpal
growth, traction by periodontal fibroblast, root elonga-
tion, alveolar bone remodeling, formation and renew-
al of periodontal membrane, cellular, molecular and
enzymic activities) into single theory that can utilize
neuromuscular forces to explain all types of eruptive
movements, either normal or pathological in nature.
To this end, the author of the proposed theory attempts
to link the variously proposed motive forces, behind
eruptive movements of teeth, to a common force aris-
ing from the neuromuscular system. These neuromus-
cular forces should be able to answer some challenging
and unanswered questions relating to older tooth erup-
tion mechanisms to wit:

(i) the three dimensional space movement of the teeth
during the pre-eruptive phase of tooth eruption [7,36-
46]; (ii) post-eruptive movements of teeth owing to at-
trition and defects in the dental rows [7,36-46]; (iii)
eruption of rootless tooth [7,36-46]; (iv) continuous
eruption of incisors of rodents and molars of guinea
pigs respectively [7,36-46]; (v) eruption of surgically
implanted replica of a developing tooth germ without
disturbance of its dental follicle [7,36-36]; (vi) associ-
ation of rapid growth and development of jaws in re-
sponse to tooth formation, tooth growth and develop-
ment and tooth eruption [7,36-46]; and (vii) delayed
tooth eruption associated with myopathies, neuromus-
cular disorders, metabolic and endocrine disorders and
congenital TM] ankylosis [8-14].

Conclusion

The proposed ‘neuromuscular theory of tooth erup-
tion’ is based on the coordinated forces of the orofacial
muscles under the influence of the central nervous sys-
tem. This is thought to be achieved through prepara-
tion of the pathway for eruption of a tooth-a process
which is genetically predetermined and controlled by
cellular, molecular and enzymic activities within and

around the dental follicle and enamel organ. The es-
tablishment of eruption pathway is for the purpose of
enhancing the efficiency and effectiveness of the pull-
ing action of the neuromuscular forces during occlusal
migration of the concerned tooth. The sustenance of
the eruption pathway as well as cellular, molecular and
enzymic activities, during the different phases of tooth
eruption, is also controlled by neuromuscular forces
through conversion of biomechanical forces (muscular
forces) into biochemical, chemical and electrical ener-
gies.
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