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Scope of the Series

Teeth are unique structures in the human beings. They are located in the oral cavity
and play a key role in digestion, phonation, and aesthetics. There are two sets of
teeth during the human lifecycle: deciduous teeth and permanent teeth. Deciduous
teeth consist of incisors, canines, and molars. They are present in childhood and
replaced with the permanent teeth during growth. Permanent teeth consist of inci-
sors, canines, premolars, and molars. Although the majority of teeth have normal
morphology and anatomy, developmental and environmental factors may lead to
anomalies affecting the size, shape, number, and structure of teeth.

Knowledge of tooth morphology, anatomy, and anomalies is essential to succeed in
restorative treatment, prosthodontics, periodontal treatment, orthodontics, end-
odontics, and oral surgery. Readers will find a current overview of tooth morpholo-
gy, anatomy, and anomalies in this book. Hopefully, it will serve as a practical guide
to dentistry.
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Preface

This book is the outcome of the confluence of two initial projects: “Human Molars”
led by Prof. BOURZGUI Farid and “Basics of Dental Morphology and Anatomy”
by Prof. Ziihre Akarslan. The experience of co-editing was very enriching for both
editors and led to a final product that we hope will be very useful and valuable for
our readers.

The book is divided into three sections:

1. Basic Principles - Embryology and Development examines the basic tenants of
embryology and molar development. A particular focus was the relationship
between oro-facial structures and tooth morphology.

2. Background on Dental Anatomy and Morphology investigates the internal and
external anatomy of teeth, as well as their anatomical variants.

3. Pathology and Clinical Considerations reviews some pathologies and anomalies
of the molars. The question addressed here is in case of extraction of these
teeth, should the orthodontist orthodontically close their residual spaces or
maintain them for prosthetic rehabilitation? In the case of the choice of the
implant solution, a chapter on the evolution of implant shapes closes this
section.

As a final note, we would like to express our thanks to the authors of the different
chapters and their respective teams, as well as all those who contributed to the final
outcome of this book.

Farid Bourzgui

Professor and Head of Orthodontics Department,
University Hassan II,

Faculty of dentistry,

Casablanca, Morocco

Ziihre Akarslan

Professor,

Department of Oral and Maxillofacial Radiology,
Gazi University Faculty of Dentistry,

Ankara, Turkey
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Chapter1

Can Orofacial Structures Affect
Tooth Morphology?

Amanda Valentim, Renata Furlan, Mariana Amaral
and Fernanda Martins

Abstract

This chapter presents how orofacial muscles can affect teeth positioning,
occlusion, and also the size/shape of teeth. Pressures exerted on teeth will be dis-
cussed in specific cases such as mouth breathing, chronic mastication disorders,
oral habits, like thumb sucking or tongue thrust, and also when there is hyper-
function of masticatory muscles during sleep or wakefulness. In these situations,
the imbalance of muscle forces brings undesirable consequences to the dentition.
Each condition will be explained, showing which muscle is affected, how it
changes, and what consequences to the teeth it brings. It is a chapter that shows
how close the relationship is between dentistry and speech language pathology
(orofacial myology).

Keywords: tooth, malocclusion, tongue, lip, cheek, bruxism, mastication

1. Introduction

Malocclusions are generally considered alterations in the normal field of cra-
niofacial growth and morphology. Due to its different possibilities of etiological
factors, it is often difficult to determine its specific cause [1].

There are four main structures that can cause malocclusions: the cranio-
facial skeleton, the teeth, the orofacial neuromuscular system, and other soft
tissues. An example of how the musculature can generate malocclusion is the
constantly open mandible in the mouth breathing leading to a constant anterior-
ity of the tongue, which may force the incisors or prevent the eruption of the
mandibular incisors [1]. Another example is that if a patient has a tongue with
anterior posture during rest, the duration of this pressure, even if very light,
may interfere with the eruption process or move the anterior teeth, resulting in
an open bite [2]. There are also environmental influences, such as oral habits
and balance between the orofacial musculature and the teeth, both at rest and
during the functions [3]. Mouth breathing is one of these conditions. It causes
muscle posture alteration that changes the balance in the oral cavity and modi-
fies the forces exerted on teeth and bones, impacting facial growth and tooth
positioning.

Other muscles that can influence tooth morphology are masseter and temporalis,
which are jaw elevators. When they are active during rest or sleep, it is considered as
bruxism, and may cause tooth wear.

3 IntechOpen



Human Teeth - Key Skills and Clinical Illustrations

2. Orofacial forces on the teeth

The teeth are structures of the stomatognathic system, classified as static [4].
These structures are subject to innumerable forces that balance [5].

There are four main factors responsible for the dental balance: intrinsic forces of
the tongue, lips, and cheeks; extrinsic forces such as oral habits or orthodontic appli-
ances; forces of the dental occlusion; and forces of the periodontal membrane, as
for example, the eruption of teeth. Among these, the most important are the resting
position of tongue and lips, in addition to the periodontal forces, since they have a
long duration [1]. When one of these forces stands out, tooth movement occurs, and
the teeth are susceptible to adaptations when subjected to some pressure or force [4].

The balance between the pressure of the tongue, lip, and cheek contributes to
the maintenance of the teeth in their positions. The forces exerted by these struc-
tures are lighter than those of the masticatory function, but longer in duration.
Even though the magnitude of force is low, it can cause a movement in the teeth
when applied for a sufficient amount of time [6, 7].

The final position of the tooth, responsible for final shape of the dental arches,
results from the balance between the perioral musculature represented by the
mechanism of the buccinator and the intraoral pressure exerted by the musculature
of the tongue [7].

A study of 3041 children [8] found that individuals without myofunctional
disorders had significantly fewer malocclusions. In addition, a significantly larger
number of children with anterior open bite were observed among those with
functional alterations, and also the opposite, children with open bite had more
functional disorders. Another study [9] found that children with occlusal altera-
tions presented more myofunctional disorders such as lack of lip seal and altered
tongue habitual position, compared to children with normal occlusion.

2.1Tongue

The tongue is a mobile muscular organ that composes the stomatognathic system
and is located on the mouth floor. This structure assists in the functions of chewing,
swallowing, sucking, and speaking [10].

Eight pairs of muscles compose the tongue and they can be divided into intrinsic and
extrinsic. The muscles denominated intrinsic are responsible for the alteration of their
form: longitudinal superior, inferior longitudinal, transverse, and vertical. The extrinsic
muscles originate in the proximal bony structures and are responsible for the move-
ments of the tongue: genioglossus, styloglossus, palatoglossus, and hyoglossus [11].

Cheeks, lips, and tongue exert a great influence on the occurrence and per-
sistence of malocclusions. In view of these facts, it is expected that the lingual
structure exerts a certain force during its rest. When this structure is improperly
positioned, its pressure can reach the teeth and promote inadequate occlusion.

Efforts to answer the question “what factors or combination of factors control
physiologic movement of teeth” lead researchers to measure the magnitude of
forces exerted by the relaxed tongue in the region of the mandibular canines. The
conclusions were that the normal relaxed tongue produces a very low force against
the lingual surfaces of the mandibular dentition [12].

One study [13] aimed to verify the force threshold that causes displacement of
the maxillary central incisor teeth. Their findings indicated that the forces caused
by the orofacial organs can initiate a dental displacement of the incisors.

Thus, gentle pressure, but continuous, exerted by the tongue against the teeth
is able to move them, producing negative effects on the occlusion [14]. The rest-
ing tongue posture has a long duration, many hours during 1 day, which makes it

1
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Figure 1.
Tongue vest in anterior position and open bite malocclusion.

clinically important, and can impede eruption of the incisors, causing and main-
taining the anterior open bite [2].

Individuals who rest their tongue in anterior position may have the position of
the teeth affected (Figure 1). On the other hand, the tongue interposition during
swallowing has a very short duration to have an impact on dental position. Ina
typical swallowing, the pressure made by the tongue lasts about 1 second. Normal
individuals swallow about 800 times a day when awake, which totals only a few
minutes, which would be insufficient to affect the intraoral balance [15].

Furthermore, the low position of the tongue can promote the eruption of the
back teeth and cause constriction of the upper arch in the absence of the tongue on
the palate [16]. Some authors have confirmed that the inadequate position of the
tongue is one of the main causes of the occurrence of oral recurrences with regard
to the maintenance of occlusal stability [2, 17, 18].

Many clinicians feel that pressures exerted by tongue prevent teeth from erupt-
ing in patients with open bite malocclusion. This view amounts to an extension of
the equilibrium theory to the vertical plane of space [19]. Lower lip resting pressure
affects more the position of the upper incisors rather than the upper lip (Figure 2).
In some studies, high lip line was shown as the reason behind the retroclined posi-
tion of the upper incisors, while in others, the hyperactive lip or mentalis muscle
were shown as the reason [20].

Figure 2.
Teeth position influenced by lower lip.
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To test the hypothesis that an imbalance in buccolingual pressure plays a role in
dental compensation of the molars and asymmetry in the mandibular dental arch,
researchers [21] compared the pressure of cheek and tongue between the shifted
and nonshifted side in 12 individuals with facial asymmetry. Asymmetry was
defined as 4 mm or more deviation of the midline in the mandibular incisors. The
results showed that regardless of the side, there were significant negative correla-
tions between the buccolingual position of the mandibular first molars and cheek
pressure and significant positive correlations between the buccolingual position of
the first molars and tongue/cheek pressure ratio.

A study [22] compared a group of individuals with anterior open bite who did
only orthodontic treatment and another group who did orthodontic treatment and
orofacial myofunctional therapy. This therapy exercises the muscles and promotes
modification on orofacial functions. They observed that participants who only did
orthodontic treatment presented more occlusion recurrence compared to those
who also did therapy. This finding indicates that when the form is altered, often the
function will also be and that the correction of the former will not necessarily lead
to the adequacy of the latter.

3. Different types of tooth have specific function on mastication

The teeth are structures that together with the gums, the tongue, the palate, the
palatine tonsils, and the oral cavity form the oral region. Teeth have many different
functions, like:

* cutting, reducing, and mixing food with saliva during mastication;

* helping their own support in the dental alveoli, assisting the development and
protection of the tissues that sustain them; and

* participating as an articulator in speech [23].

Humans have two generations of teeth, the deciduous (primary) dentition and the
permanent (secondary) dentition. There are 20 teeth in the deciduous dentition with
10 in each jaw. There are 32 teeth in the permanent dentition with 16 in each jaw [23].

The characteristics of teeth define their functions in the oral cavity. The incisors
have fine cutting margins, the canines have single prominent, cusps, the premolars
have two cusps and molars have three or more cusps [23].

Humans have four maxillary incisors and four mandibular incisors, two central
and two lateral in each jaw. The mandibular incisors are very similar in form and are
usually smaller than the maxillary incisors. The incisors cut food, aid in articulation
of speech, and support the upper lip [24].

There are four canines, one left and one right in each jaw. They are located at the
corners of the dental arch and are often referred to as fangs. They are the longest of
all permanent teeth from root to crown tip and usually have a single long root. The
canines are the teeth responsible for cutting and piercing food and they also help
to guide the jaws to occlude correctly, therefore protecting the posterior teeth from
horizontal forces. They also play a role in preventing the appearance of premature
aging by supporting the lips and facial muscles [24].

There are four maxillary and four mandibular premolars, two right and two left
in each jaw. They only appear in the permanent dentition. Their crowns are shorter
(cervico-occlusally) than the anterior tooth and have two cusps. The premolars
work along with the molars to grind food and also assist the canines with cutting
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and slicing through food. They play a role in preventing the appearance of prema-
ture aging by maintaining the vertical dimension of the face and supporting the
corners of the mouth and the cheeks [24].

There are six molars in each jaw in the permanent dentition and eight molars in
the deciduous dentition, four in each jaw. The molar most anteriorly positioned is
designed the “first molar,” the one behind it, the second molar. In the permanent
dentition, the tooth most posteriorly positioned is the third molar. The main func-
tion of molars is to grind food and maintain the integrity of the dental arch to avoid
the other teeth from moving out of alignment. Like premolars, they also play a role
in preventing the appearance of premature aging [24].

A literature review [25] concluded that the contraction of the muscles involved
in mastication stimulates bone growth. The effect of food consistency on orofacial
development suggests that a diet with harder textures is partly responsible for
enhancing muscle and bone growth. That can be seen in subjects with thin mas-
seters which generally have longer faces, due to the lack of both bone and muscle
volume, while subjects with a thick masseter have a short lower anterior face.
According to studies in animals [26, 27] and humans [28], a diet based in liquid and
puree consistencies results in a size reduction of masseter and temporal muscles.
This theory is supported by an author [29] who suggests that modern, softer foods
are responsible for a failing chewing function and the stress on the growth process
is often insufficient, causing functional atrophies of masticatory muscles and bone
and, consequently, malocclusions.

4. Impact of mouth breathing on the dentition

Nasal breathing is important to ensure a functional environment for the harmo-
nious craniofacial growth [30]. When breathing occurs continuously through the
mouth, the craniofacial growth changes its pattern, leading to consequences as high
and narrow hard palate, convex facial profile [31], increased vertical facial height
[32] and malocclusion. A study carried out on 3017 children verified that mouth
breathing is closely related to increased or reduced overjet, anterior or posterior
crossbite, open bite, and displacement of contact points [30]. In another study [33]
with 401 mouth breathers, posterior crossbite was detected in almost 30% of the
sample during primary and mixed dentitions and in 48% in permanent dentition.
This prevalence is higher than in the general population [34, 35]. Anterior open bite
and Class II malocclusion were also highly prevalent in children during mixed and
permanent dentitions [33].

The causes of mouth breathing includes anatomical predisposition and several
pathologies, such as palatine and pharyngeal tonsils hypertrophy, septal deviation,
allergic rhinitis, and nasal turbinate hypertrophy, among others. The literature
showed no association between the type of obstruction and the presence of maloc-
clusion [33] and there seems to be a similar effect on mandibular growth irrespec-
tive of the etiology of mouth breathing [32]. However a study verified that children
with adenotonsillar hypertrophy have a higher lower posterior facial height than the
children with isolated adenoid hypertrophy. An explanation to this fact is that the
palatine tonsils, when hypertrophied, could occupy a huge space in the pharynx.
Thus, children protruded their mandible in order to breathe better, stimulating the
growth of mandible and increasing their lower posterior facial height [32].

Mouth breathing leads to muscle changes including lip incompetence [31, 36, 37];
low position of the tongue in the mouth floor [36, 37]; and lack of force of lips,
tongue, and mandibular elevator muscles [31, 36]. The lack of orofacial muscle force
and the posture alterations are strictly related. The individual keeps the tongue low
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to allow airflow to pass and this habitual posture causes a decrease in tongue tone,
which contributes even more to the lower position of the tongue. The same happens
with the lips. Postural alterations in soft tissues change the equilibrium of the pres-
sure that they exert on teeth and facial bones, thus altering these structures.

The muscles that depress the jaw to open the mouth exert a backward pressure
upon it, which displaces the mandible distally and retards its growth, causing a Class
IT malocclusion and a skeletal Class II profile with increased overjet. The tongue has an
anterior and low position to allow the airflow through the mouth while the buccinator
muscles exert pressure on the buccal surface of molars, but there is no pressure of the
tongue on the lingual surface, so the maxillary arch and the palate get narrow. There
is also lip dysfunction, characterized by shorter upper lip, eversion of lower lip, and
hypofunction of both, with no lip sealing, (Figure 3), which causes an imbalance espe-
cially when tongue exerts a forward pressure on the incisors. The lower lip sometimes
forces up under the upper incisor, increasing the overjet [30].

Mouth breathing also impacts the other stomatognathic functions, such as
mastication and swallowing, indirectly impairing dentition development. The
mouth breather tends to prefer soft food, that is easy to chew. Also, they tend to
ingest fluids during mastication in order to help the process. The mastication of the
mouth breather has a shorter duration with less masticatory cycles, because of the
necessity to liberate the mouth to breathe [38]. Swallowing usually occurs with an
atypical pattern, involving tongue protrusion against the incisors or lip interposi-
tion which contributes to maintain the overjet [33].

An author [39] pointed out to the irrefutable evidence of a significant genetic
influence in many dental and occlusal variables. According to him, phenotype is
the result of both genetic and environmental factors. Other authors, who investi-
gated prevalence of malocclusion in mouth breathers, agree with the primary role
of heredity in malocclusion in sagittal plane, with mouth breathing as secondary
etiological factor to Class II development. According to them, mouth breathers have
unbalanced muscular forces, which are not enough to change a strong Class I or III
pattern into a Class II. However, some children have genetic tendency to develop
a Class II occlusion. These children, depending on environmental stimuli, can
become Class I or, if there is a factor like mouth breathing, can develop Class II [33].
In the same way, vertical and transversal dental relationship also has heredity as the
major determinant, but environmental factors such as mouth breathing work as
secondary causes of anterior open bite or posterior crossbite [33].

Sometimes, changing the breath mode to nasal is not enough to avoid the
consequences on occlusion. For this reason, we recommend an early intervention on
etiological factors of mouth breathing to prevent the development or worsening of
malocclusion.

Figure 3.
Mouth breather with abnormal lip function, with no sealing.
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5. Impact of oral habits on the dentition

Deleterious oral habits can interfere not only with the position of the teeth, but
also with the normal skeletal growth pattern [30]. Pacifier sucking, bottle sucking,
finger sucking, nail biting, and tongue thrusting are examples of deleterious oral
habits which may result in long-term problems and can affect the stomatognathic
system, leading to an imbalance between external and internal muscle forces. The
most frequent occlusion alterations caused by oral habits are protrusion of the upper
incisors [30], anterior open bite [30, 40], and posterior crossbite [40, 41]. The
consequences are dependent on the nature, age of initiation, intensity, frequency
and duration of habits, as well as individual biological and genetic features [30].

A study [40] concluded that children with non-nutritive sucking activity and
accustomed to using a bottle had more than double the risk of posterior crossbite
right from the primary dentition. The low position of the tongue due to sucking,
with lack of thrust of the tongue on the palate and increased activity of the muscles
of the cheeks, causes an alteration of muscle pressure on the upper arch resulting
in the posterior crossbite [40]. Breastfeeding seems to have a protective effect on
development of posterior crossbite. A study found a low prevalence of posterior
crossbite in breastfed children, even when they have non-nutritive sucking activ-
ity [40]. This happens because the mechanism of sucking is different in these two
methods of infant feeding. During breastfeeding, lips and tongue apex squeeze
the areola where the lactiferous sinuses are located, the tongue compresses the soft
breast nipple against the palate using a peristaltic-like motion. In bottle feeding, the
tongue acts in a piston-like motion compressing the artificial teat against the palate,
with higher force exerted by cheeks [40]. Breastfeeding has also a protective effect
on development of artificial sucking habits [41].

Finger sucking generally results in anterior open bite and increased overjet with
labial inclination of the upper incisors. The influence of finger sucking on teeth
position depends on the position of the finger during the habit. There are two main
types of finger sucking (Figure 4). The typical type is thumb sucking with the
ventral side of the finger facing the palate and maxillary incisors. The thumb acts as
a lever, forcing the maxilla forward. The second type, less common, is sucking with
the dorsal side of the finger facing upward. In this case, the finger or fingers are
passive and the effect is similar to that of the pacifier [42].

The use of pacifier before the teeth have erupted can hinder the full eruption
of the primary incisors as well as the growth of the alveolar processes, resulting in
anterior open bite, which can be worse at the time of eruption of the permanent
incisors if the habit persists. When the pacifier is tied together with more pacifiers

Figure 4.
(A) Child sucking with the ventral side of the finger. (B) Child sucking with the dovsal side of the finger.
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or with other objects, the extra weight acts as a lever, affecting the dentition in a
similar way as finger sucking [42].

If the pacifier is kept in the mouth for extend periods, the tongue will stay in a
lower and anterior position, reducing the palatal support of the primary canines
and molars against the pressure exerted by cheeks and increasing lateral pressure on
the lower canines and first molars. This position can result in a narrower upper arch
and wider lower arch, creating a posterior crossbite [41, 42].

A common question is whether spontaneous resolution of the malocclusion
occurs when deleterious oral habits stop. This question, however, remains unan-
swered because each individual has a different genetic predisposition. On the other
hand, some authors have found that anterior openbite and posterior crossbite were
associated with habits in children with age 36 months or more. Sustained pacifier
habits in children with 24-47 months of age were associated with anterior openbite
and Class II molar relationships, while digit habits in children with 60 months of
age or longer were associated with anterior openbite [43]. The author concluded
that the risk for malocclusion appears to increase with longer habit duration, and
that, while in some cases malocclusions resolve soon after the habits are discon-
tinued, in other cases the malocclusions persist [43]. For this reason, we strongly
recommend breastfeeding as a protection against the development of oral habits
and, if they are already installed, an early intervention in order to decrease their
frequency, intensity, and duration and finally to encourage the child to stop those
oral habits.

6. Bruxism and tooth wear

Tooth wear (Figure 5) is a condition that leads to the loss of dental hard tissues
(enamel and dentine) changing size and/or shape of tooth, with multifactorial
causes. It can be divided into mechanical and chemical wear. Mechanical wear can
happen with attrition of tooth-to-tooth contact made on mastication or bruxism,
and it also happens with abrasion, made by oral hygiene procedures and habits such
as nail-biting and biting objects. Chemical wear is the erosion that happens due to
the action of extrinsic acids on the tooth [44].

Extensive tooth wear (TW) can be caused by chemical factors, mechanical
factors, or a combination of both. The most common factors associated with TW
were daily functions (e.g., chewing); oral habits (e.g., bruxism, nail biting); having
a diet full of acid foods or some diseases that involve acids from the own body (e.g.,
gastric reflux); and also medicines, stress, and salivary dysfunctions [45].

Figure 5.
Child with tooth wear.
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TW has become more prevalent and severe in developed countries due to
changes in lifestyle and nutritional habits, and also the population is aging and
retaining teeth for longer time [45].

As mentioned above, tooth wear and bruxism have a close relationship.
According to the international consensus on the assessment of bruxism, sleep
bruxism is a rhythmic or non rythmic masticatory muscle activity during sleep.
Awake bruxism is a masticatory muscle activity during wakefulness that is char-
acterized by repetitive or sustained tooth contact and/or by bracing or thrusting
of the mandible. Both cannot be considered as a movement or sleep disorder in
otherwise healthy individuals. Bruxism is not a disorder in healthy individuals but
might be defined as a motor behavior with multifactorial causes. It can be a risk
factor for negative oral health consequences, but can also be a potential protec-
tive factor when associated with other clinical conditions (e.g., sleep apnea or
other sleep disorders) or symptoms (e.g., xerostomia) without a cause-and-effect
relationship. Or it can be harmless behavior (not risk or protective factor) in terms
of consequences [46].

The main masticatory muscles are masseter and temporalis. They are responsible
for elevating the jaw and pressing teeth against each other on the mastication function.

Non-instrumental approaches for assessing bruxism include self-report and
clinical inspection. It is important to investigate the presence of sleep or awake
bruxism, and how often it happens. Clinical signs of bruxism include masticatory
muscle hypertrophy, indentations on the tongue or lip, and/or a linea alba on the
inner cheek. However, these signs can also be present on orofacial myofunctional
disorders, such as atypical swallowing. Damage to the dental hard tissues, repetitive
failures of restorative work, or mechanical wear of the teeth may also be indicators
of awake bruxism and sleep bruxism. Yet, it does not assure that it is still active. A
bruxism in the past would have left the same signs on the teeth [46].

A study with 440 school children found prevalence of probable sleep bruxism in
40.0% of them. It was more prevalent between children with history of nail biting
or biting objects [47].

A population-based study made in Brazil showed prevalence of possible brux-
ism in 8.1% of the adults, and it was associated with higher level of education and
psychological stress [48].

A research investigated the correlation between the masseter electromyographic
(EMG) activity during sleep and tooth wear in 41 healthy adults. The individuals
underwent a two-night in-home evaluation of EMG activity of muscle masseter and
a tooth wear evaluation. The canines and mandibular incisors were the teeth with
the highest wear scores. No significant correlation was found between tooth wear
and sleep masseter muscle activity. They discussed that even if tooth wear was a
consequence of bruxism, it could not be used as a diagnostic tool for sleep bruxism,
because the wear is irreversible and bruxism is an unstable phenomenon that may
have happened in the past, but stopped [49].

A review was made to investigate the relationship between bruxism and occlu-
sion. The conclusion was that neither occlusal interferences nor factors related to
the anatomy of the orofacial skeleton had any evidence available to suggest their
involvement in the etiology of bruxism. On the other side, psychosocial and behav-
ioral factors were related as important in the etiology of bruxism [50].

Another review investigated to what extent bruxism is associated to mus-
culoskeletal signs and symptoms. The data from the studies included were very
heterogeneous, considering age of participants, type of bruxism (during sleep
or wakefulness), and methodology of diagnosis. Most of the studies based the
diagnosis of bruxism only on information given by self report, which is not the
most reliable information. Besides that, it was concluded that bruxism is somehow
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associated with musculoskeletal symptoms. There is no support for a linear causal
relationship, but the literature points more to a multifactorial relationship [51].

Besides bruxism, other factors can change tooth aspect and morphology. A sys-
tematic review with meta-analysis investigated if eating disorders increase the risk
of tooth erosion. Fourteen papers from eight databases were included in the meta-
analysis. It showed that patients with eating disorders had 12.4 times more risk of
tooth erosion than controls, and patients with eating disorders who self-induced
vomiting had 19.6 times more risk of tooth erosion than those patients who did not
self-induce vomiting. So it is an important aspect that dentists should be aware of,
to prevent disturbs that can be serious [52].

7. Conclusion

It is a fact that orofacial postural alterations can significantly influence the
development of the occlusion. So, myofunctional and dentoocclusal changes are
quite related. Thus, for the maintenance of correct dental positioning, the balance
between orofacial muscular forces becomes primordial. The work of dentistry and
speech therapy (orofacial myology) together brings more effective results, since the
first professional will be responsible for the improvement of the occlusal structures
and the second for the balance of the dynamic structures, especially the tongue, due
to its great impact on the occlusion.
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Chapter2

Embryological Development of
Human Molars

Fatiha Rhrich and Hakima Aghoutan

Abstract

Dental development is a complex process by which teeth from embryonic cells
grow and erupt into the mouth. It is governed by epithelio-mesenchymal interac-
tions. The biological mechanism is the same for all teeth; however, epithelial
signaling and homeogenous combinatorics are different from one type of tooth
to another. The primary dental blade splits into the vestibular and primary dental
blades opposite to the mesenchymal condensation. During dental development,
three successive stages are described: bud, cup, and bell. The secondary dental
blade responsible for the formation of germs in permanent teeth is formed from the
primary dental blade in the bell stage. For the central incisor, lateral incisor, canine,
first temporary molar, and second temporary molar, each primary dental blade
gives rise to a single secondary dental blade for the corresponding permanent tooth.
On the other hand, the primary dental blade of the second temporary molar will
cause the formation of four secondary dental blades that will cause the formation
of permanent germs of the second premolar, the first permanent molar, the second
permanent molar, and the third permanent molar. The objective of this chapter is
to focus on the cellular and molecular mechanisms explaining the normal develop-
ment of molars by presenting the different current data and theories of science
illustrating the human molar embryological development.

Keywords: tooth development, molar, morphological appearance,
molecular regulation, epithelial-mesenchymal interaction

1. Introduction

Teeth are a topic of interest to paleontologists because they are very well pre-
served. As a matter of fact, the dental remains have made it possible to study the
evolution of mammals by analyzing their morphology. In developmental biology,
the mouse model is an interesting model for studying dental development.

Humans have two dentitions (temporary and permanent) and different types of
teeth, incisor, canine, premolar, and molar with different morphologies, whereas
mice only have two types (incisor and molar) separated by a diastema from which
the incisors have unlimited growth. Despite these differences, the dental develop-
ment process is similar in humans and mice, and regulatory phenomena have been
maintained over the evolution.

Teeth, such as mammary glands, hair, and feathers, develop from two adjacent
tissues: the epithelium and the mesenchyme, although they all have different mor-
phologies. Indeed, during development, the specific shape of each organ is defined
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in relation to epithelial-mesenchymal proliferation and to all the changes that the
epithelium undergoes [1].
The embryological aspect of the molars was addressed in order to clarify the
etiopathogenic aspect and to adapt therapeutic attitudes according to the diagnosis.
The objective of this chapter is to address the embryology of human molars by
focusing on its molecular and morphological characteristics.

2. Phylogenetic aspects

Teeth represent a new morphological feature of mammals [2, 3]. Molars are
complex teeth able to become occluded. Interlocking intercuspation between upper
and lower molars allows food to be crushed [4]. Evolutionary dietary radiations are
related to the great diversity of the current mammalian molars. They are clarified
in the fossil record, where new molar organizations are often related to significant
line diversifications. Several theories have been advanced to explain the evolu-
tion of molars. Like all primates, Man is a placental mammal, and the ancestor of
contemporary humans is Homo sapiens. For 200 million years, in Therian mammals,
the molars have trigonodontal morphology; in other words, the three tubercles are
arranged in a triangle [5].

In 1965, the discovery of a fossil of a lower molar made it possible to show that on
this Therian branch around 135 million years ago, these molars already existed. They
were called tribosphenic by Simpson in 1936 [6]. These mandibular molars have six
tubercles, three of which are pointed, high, sharp, and are arranged in a triangle and
distal position. The three others tubercles are lower and are arranged in a central
basin to receive the main palatal tubercle of the opposite teeth that have only three
cusps. The fact of having six tubercles is of physiological interest when taking food.

Nearly 110 million years ago, the oldest placental mammals had a dental formula
with 52 teeth, including 3 molars in a decreasing series, the first being the largest.
This primitive disposition is found in modern man.

Around 75 million years ago, with the dinosaurs extinction, other species
invaded space, and the dental formula was reduced to 44 teeth for all placental
mammals including the man.

In the Catarrhini, the loss of one incisor and two premolars leads to a dental
formula with 32 teeth found in monkeys of the ancient world (Afro-Eurasia), the
Hominids, and the contemporary Men. It has been recognized for 45 million years [7].

In the genus Homo, the 32-teeth morphology does not differ much from the
modern men, except for the great variability in size. Root morphology may vary
from one group to another. The reduction in the number of cusps observed in
humans can be considered as a specialization trait and not as a step backward.
However, the reduction in the dental formula in the placentals and primates mainly
affected the incisors, premolars, and even canines but not the molars.

Wisdom tooth agenesis, especially mandibular agenesis, is often considered
as a sign of evolution. On the other hand, the presence of supernumerary teeth or
hypergenesis is explained as a return to ancestral forms

3. Morphological aspects
3.1 Formation of the odontogenic epithelium

The odontogenic epithelium is formed from the oral epithelium that lines the
primary oral cavity called the “stomodeum.” It appears as a localized thickening of
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the oral epithelium, and it is formed by several cellular layers resulting from a series
of localized mitoses affecting the oral epithelium. The mitotic spindle of dividing
cells is oriented perpendicular to the basal membrane that separates the epithelium
from the ectomesenchyma.

3.2 Placement of the vestibular and primary dental blades

Epithelial thickening continues to proliferate and sinks into the underlying
ectomesenchymal tissue forming a plunging wall (also called a primitive dental
blade). This latter splits into two blades: vestibular and dental. The vestibular blade
determines the formation of the buccal vestibule, which is the space between the
cheek/lip and the dental arch.

3.3 Evolution of dental placodes

In humans, as in rats and mice, the dental blade will give birth to the dental
placodes that will be at the origin of the formation of future dental germs. Dental
placodes are cellular clusters attached to the dental blade by a net of epithelial cells
called the primary dental blade. Each dental arch initially contains 10 dental plac-
odes. From the primary dental blade develops the secondary dental blade, which is
at the origin of the 16 permanent teeth per arch.

Each placode will undergo morphological changes that are described as three
successive stages: bud stage, cup stage, and bell stage [1].

4. Placement of molar dental germs

Since the three molars are not preceded by temporary teeth, they evolve from
the distal end of the initial dental blade, which proliferates in a posterior direction.
The primary dental blade of the second temporary molar will cause the formation
of four secondary dental blades. For each half of the arch, starting from the anterior
area toward the posterior area, each of these four secondary dental blades will give
the permanent germ of the following teeth: the first permanent molar, the second
permanent molar, and the third permanent molar.

The secondary dental blades that are at the origin of the formation of the 1st and
2nd molar will orient themselves vertically as long as they have space that allows
them to orient themselves in the mesenchyma. On the other hand, in most cases for
the 3rd molar, orientation problems arise because there is not enough space for its
secondary dental blade to be parallel to the other two blades [8].

All dental buds, with the exception of the second and third permanent molars,
are present and begin to develop before birth [9]. The chronology of the appear-
ance of molar germs remains variable according to the authors; however, it is often
found that the germ of the first molar appears around the 4th or 5th month of
intrauterine life. The one of the second molar appears around the 9th month or
1 year after birth.

The germ of the third molar does not appear until around 4 or 5 years of age.
Mineralization begins between 7, 9, and 10 years, and the crown is completed between
12 and 16 years. The emergence in the oral cavity is between 17- and 21-year-olds; the
tooth will then slide along the distal surface of the second molar to reach the occlusion
level. Root building ends between the ages of 18 and 25 years. The place it has depends
on the growth in the posterior region of the arch. The main activity of the dental
blade is spread over a period of about 5 years. However, the dental blade near the third
molar continues to be active until about 15 years of age [9].
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A number of anomalies can occur during the development of the tooth. The
development of excess dental blade can lead to an increase in the number of dental
buds, resulting in too many teeth (supernumerary). A deficient dental blade can
lead to a reduction in the number of teeth (hypodontia) [9].

5. Root formation

Molars are multiradiculated teeth. Indeed, the vast majority of the first maxil-
lary molars have three roots. The second maxillary molar has more frequent varia-
tions in the number of roots than the first maxillary molar, and the first mandibular
molar and the second have two roots in the majority.

Root formation or radiculogenesis or rhizagenesis is the development of the
root pulpo-dentinary organ in close relationship with cemenesis, the outline of the
dentoalveolar ligament and the construction of the alveolar bone. It begins when
the final dimensions are acquired. The Hertwig epithelial sheath is at the origin of
root formation, depending on their number, shape, and size [10].

As for the crown, root development is governed by interactions involving the
Hertwig epithelial sheath, basement membrane, mesenchymal papilla, and dental
follicle.

5.1 Formation of the Hertwig epithelial sheath

The Hertwig epithelial sheath originates from the reflection zone or cervical
loop which is the place where the external and internal adamantin epitheliums
(EAE and EAI) meet to form a double epithelial layer. Hertwig epithelial sheath
has an annular structure surrounded by a basal membrane that separates it from
the pulpal and follicular mesenchyma. This basement membrane has anchoring
fibrils on the pulp side. The internal epithelium faces the papilla and the exter-
nal epithelium faces the dental follicle. The Hertwig epithelial sheath will emit
tongues in the centripetal direction that will fuse in the central region of the
papilla and form rings from which the roots can be identified. The number of
strips emitted is proportional to the number of roots that each molar can have.
For example, for the molar which will have two roots, two tongues are formed,
and after fusion of two rings, each of the two will be at the origin of the forma-
tion of a root. These two leaves remain attached and progress in the underlying
connective tissue in the apical direction defining the future shape of the dental
root [11].

Root elongation and tissue formation are related to the coordinated proliferation
of sheath epithelial cells and surrounding mesenchymal cells [12].

5.2 Formation of root dentin, cement, and apex

Root dentin forms in parallel with the proliferation in the apical direction of the
Hertwig sheath. The latter gradually induces odontoblastic differentiation. The pulp
parenchyma cells close to the anchor fibrils differentiate into odontoblasts. These
odontoblasts produce preentine, which mineralizes to form dentin. The cells of
the outer dental epithelium forming the outer layer of the sheath do not differenti-
ate into ameloblasts as is the case for the crown. Then, the basement membrane
degrades, and the epithelial blade involutes and gradually dissociates.

Developmental defects of the Hertwig sheath at the apical third of the root are at
the origin of the formation of the lateral canals following a stop of dentinogenesis at
this site due to the nondifferentiation of pulp fibroblasts into odontoblasts.
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The cells of the sheath can undergo three spells: some can form the “Malassez
epithelial debris,” others can die by apoptosis, while others can undergo epithelial-
mesenchymal transformation.

As the sheath disintegrates, follicular cells near the surface of the root dentin
differentiate into cementoblasts. These synthesize and deposit the cement matrix in
contact with the dentin.

As the root development progresses, the epithelial ring forming the Hertwig
epithelial sheath gradually shrinks as a result of a reduction in mitosis, thereby
reducing the size of the root tube. This narrowing allows the development of one
or more orifices (or foramina), which are the place where vascular and nervous
elements intended for the pulp to pass through.

The development of the root ends with the construction of the apex, which is
a slow process. In humans, for example, for the 1st permanent molar, this opera-
tion is performed until the age of 9-10 years. In the case of permanent teeth, this
phenomenon lasts longer and requires more time than the development of the
root itself.

6. Molecular aspects

6.1 Epithelial-mesenchymal interactions

In humans, dental development includes the morphogenesis of crowns and roots
and results in the formation of the enamel organ, odontoblastic, ameloblastic, and
cementoblastic differentiation. Huge advances in research have made it possible to
understand the phenomena of molecular regulation of dental development.

Dental development follows a precisely controlled and regulated genetic pro-
gram. The dental organ consists of an epithelial part that derives from the ectoderm
and a mesenchymal part that derives from mesodermal cells on the one hand and
cells from neural ridges on the other hand [13-16].

The dental organ develops from a communication between the epithelium and the
underlying mesenchyma. The communication language has been preserved through-
out the evolution. This communication between the epithelium and the mesenchyma
is done through signaling molecules and growth factors [17-19].

The studies carried out on the mouse molar have enabled us to gather a body of
knowledge with many similarities to those of humans. However, the experimental
data obtained in animals can be extrapolated relatively reliably to understand what
is actually happening in humans.

Several families have been described, including:

* TGF-beta (transforming growth factor beta) including BMP (bone morphoge-
netic proteins) activins and follistatin;

* FGF (Fibroblast growth factors);

* Hedgehog (only Sonic hedgehog (Shh) is known for its role in odontogenesis);
* Wnts [20-24].

These molecules send their message to the nucleus through the signaling path-
ways and receptors on the cell membrane surface. Transcription factors will

then modulate the expression of different target genes and induce changes in cell
response and behavior (Figure 1) [25].
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Figure 1.

Signaling in tooth development [25].

Genes represented in “light blue” colored squares or rectangles are responsible,
when inactivated, for stopping dental development.

6.2 Determination of the dental region

It should be remembered that the odontogenic epithelium is formed at the
first gill arch. The latter undergoes pharyngeal regionalization, resulting in
the expression of Fgf8 and 9 (fibroblast growth factors 8 and 9) and Lhx-6
and -7 (LIM homeobox 6 and 7) in the oral part (rostral) and Gsc (goosecoid)
in the aboral part (caudal). Indeed, the expression of Fgf8 in the odontogenic
epithelium in the oral part of the first pharyngeal arch causes the expression
of Lhx-7 in the underlying ectomesenchyma. In the aboral region, there is an
important expression of Gsc in the ectomesenchyma. Gsc expression in the
caudal region is not responsible for inhibiting Lhx-7 expression in this area;
however, Lhx-7 expression in the rostral region will result in blocking Gsc gene
expression in this.

In addition to Fgf8, a second BMP4 signaling molecule (bone morphogenetic
protein 4) is expressed in the epithelium in the distal and therefore in the median
region of the Ist arc.

The activation and inhibition of transcription factors allows the delimi-
tation of the odontogenic territory by BMP4 and Fgf8a double signalling.
(Figure 2) [19].

6.3 Determination of dental identity

Mammalian teeth are meristic series. The determination of different morphol-
ogy was explained by two theories:
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Figure 2.

Pattern of gene expression in the developing tooth [19]. (a) Signaling within the epithelium and between the
epithelium and the mesenchyme at embryonic day (E) 10.5. The diagram shows an isolated mandibular arch.
Positive autoregulatory loops and mutual vepression within the epithelium lead to the formation of strict
boundaries of gene expression, which sets up the presumptive incisor and molar fields. Members of the bone
morphogenetic protein (BMP) and fibroblast growth factor (FGF) families of protein in the epithelium induce
and inhibit the expression of various homeobox genes. This results in a complex pattern of gene expression in
the mesenchyme, across both the proximal-distal and oral-aboral/rostral-caudal axes. (b) The odontogenic
homeobox code model of dental patterning. The nested expression pattern of homeobox genes in the mandible
produces a homeobox code that defines tooth type. Bapx1 (bagpipe homeobox gene 1 homolog); Barx1
(BarH-like homeobox 1); Dix (distalless homeobox); Gsc (goosecoid); Lhx (LIM homeodomain genes); Msx
(homeobox, msh-like); Pitx (pairved-related homeobox gene).

* The gradient theory proposed by Butler [26] which stipulates the presence of
morphogenetic fields and that the determination of the shape of the tooth is a
function of its position in the field independent of local factors.

* The theory of clones proposed by Osborn [27] which stipulates that ectomes-
enchyma is already differentiated into three cellular clones, incisal, canine, and
molar clones, before its migration. The proposal of this second concept sug-
gested that the two theories are competing.

In 1995, the theory of odontogenic homeocode was developed by Sharpe
[22], which represents a synthesis of the two theories: gradients and clones
and shows that the latter two are complementary. These two concepts were
explained in the light of the discovery of new genes and signaling molecules
(Figure 3) [26-28].

The identity of each tooth, including the molars, is characterized by its homeo-
code, which represents the combination of homeogens that defines the position and
identity of the tooth. Indeed, different homeogens are expressed by the neural crest
cells of the ectomesenchyma under the instructive induction of the oral epithelial
cells. These homeogens are divergent and therefore of the nonhox type.
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(A) Regional field theory. (B) Clone theory. (C) Homeobox [26-28].

This odontogenic homeocode theory involves four homogenous genes: muscle seg-
ment homeodomain-homeobox 1 (Msx-1), muscle segment homeodomain-homeobox
2 (Msx-2), distal-less homeobox 1 (DIx1), and goosecoide. In the molar sector, Msx-1
and DIx-1 are expressed and Msx-2 and goosecoide are not expressed. In the canine
sector, Msx-1, Msx-2, and goosecoide are expressed, and DIx-1 is not expressed; in
incisal sector, Msx-1 and goosecoide are expressed, Msx-2 and DIx-1 are not expressed.

In the concept of morphogenetic fields, the consideration of various genetic
factors and their epigenetic modulation influences dental development [29].

According to Mitsiadis’ work in 2006, the three models, gradients, clones,
and homeocodes, could be grouped into a single model to explain dental identity.
Indeed, dental identity, including molars, is given by the presence of morphogenetic
fields defined by the diffusion of growth factors. The odontogenic epithelium
expresses gradients of signaling molecules that are mainly Fgf, Bmp, Shh, and Wint
that will diffuse to the underlying mesenchymal tissue containing neural peak cells.
Depending on the location and instruction received by these cells, they will express
a set of divergent genes in relation to concentrations of signaling molecules. The
locally defined tooth type is related to the locally expressed divergent homeogen
combinatorics of these ridge cells (Figure 4) [30].

The Mitsiadis model combines the three concepts: morphogenetic fields, clone,
and odontogenic homeocode.

These three models should be viewed as complementary rather than contradic-
tory and propose that this unifying view can be extended into the clinical setting
using findings on dental patterning in individuals with missing teeth. The proposals
are compatible with the unifying etiological model developed by Brook in 1984
based on human epidemiological and clinical findings. Indeed, this new synthesis
can provide a sound foundation for clinical diagnosis, counseling, and management
of patients with various anomalies of dental development, as well as suggesting
hypotheses for future studies.
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Figure 4.
Dental identity determination (adapted from Ref. [30]).

6.4 Molecular factors involved in root formation

The root development process involves a set of signaling cascades. Various
growth factors, including BMPs (bone morphogenetic proteins), EGF (epidermal
growth factor), IGF (insulin-like growth factor), FGF (fibroblast growth factor),
transcription factors Msx1, Msx2, Runx-2, Sonic Hedgehog (Shh), enamel proteins
(secreted by HGH cells), and other proteins such as follistatin and activin A, are
involved in the root development process. Indeed, they are involved in the growth
and/or differentiation of odontoblasts and cementoblasts and/or in the mineraliza-
tion of dentin and/or cementum [21, 31-36].

7. Signaling center (primary and secondary enamel knots)

Dental morphology is controlled by an epithelial signaling center called the
enamel node. The node of the enamel is a particular and transient histological
structure formed by a cellular cluster that appears at the basal part of the internal
dental epithelium. The node of the primary enamel is present in the dental germs of
all types of teeth including incisors.

Because the enamel nodes link cell differentiation to morphogenesis, Thesleff sug-
gests that the latter can be considered as central regulators of dental development [37].

During molar development, the node of the secondary enamel is formed
during the bell stage at the location of future cusp areas. At this point, the
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expression of signaling molecules precedes the folding and growth of the dental
epithelium [38, 39].

The Slitl gene is expressed in the nodes of the primary and secondary enamel
during the formation of molar cusps [40].

8. Genes and dental problems

The approaches provided by Line and Mitsiadis have advanced the clinic’s
understanding of dental identity establishment based on gradient, clone, and
homeocode theories [29, 30].

The multifactorial model involving genetic, epigenetic, and environmental
determinants has provided better explanations and helped to understand missing
and supernumerary teeth in monozygotic twins [41].

In humans, dental problems are observed during pathologies of dental develop-
ment or syndromes.

Mutations in genes known as divergent homeobox genes encoding transcription
factors such as MSX1 and PAX9 (paired domain box gene 9) are at the origin of
oligodontia. Indeed, a mutation in the homeobox of the MSX1 gene (substitution
of an arginine by a proline in the homeodomain region) is associated with the
agenesis of third molars, indicating the involvement of MSX1 in the dentition
pattern [42-44].

Also, mutations in the PAX9 gene cause oligodontia characteristic of molars
[45-48]. The severity of dental agenesis appears to be correlated with the ability of
the mutated PAX9 protein to bind to DNA [49].

A misdirection mutation during the sequencing of the PAX9 gene may explain
a different phenotype of hereditary oligodontia observed in humans, which
affects not only molars but also other tooth lines; and is characterized by tooth
small size in both types of dentition. This mutation is characterized by a replace-
ment of the amino acid arginine by tryptophan in a region entirely preserved in
all genes of the matched sequenced box [50].

In humans, Pitx2 expression deficiency associated with Rieger syndrome is
characterized by oligodontia [51].

9. Conclusion

The biological process is the same for all teeth, including molars, regardless of
their identity, but epithelial signaling and homeogenic combination differ from one
tooth type to another.

The study of first molar of the mouse has allowed us to better understand and
follow the stages of dental development in humans. The general pattern remains the
same, unlike the training time, the complexity of the dental system, the presence of
two types of teeth in humans, and unlimited incisors growth in mice.

The multidisciplinary approach between fundamental and clinical research is
essential to clarify the relationship between molecular involvement and clinical
manifestations.

Understanding the molecular mechanisms of dental anomalies, including
those affecting human molars, helps to propose diagnostic hypotheses and thus to
improve patient management.

Future research should focus on synergizing molecular and genetic approaches
to further analyze the action mechanisms of key genes involved in the development
of human molars.
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Chapter 3

Prologue: Tooth Anatomy and
Morphology

Ziihre Akarslan

1. Introduction

Knowledge of tooth morphology and anatomy is important in dentistry. Crown
morphology is essential in restorative treatment and prosthodontic treatment.
External root morphology influences the success of oral surgery, periodontal
treatment, orthodontic treatment, and prosthodontic treatment. The knowledge
of root canal anatomy is important in endodontics. There can be various root canal
configurations affecting the success of root canal treatment [1-3]. The size of teeth
crowns, number of roots, and morphology of occlusal surfaces, including cusps,
interconnecting depressions, grooves, or pits, may differ among populations and
genders [4-9].

There are two sets of teeth during lifetime, the deciduous teeth and the perma-
nent teeth. The deciduous teeth are present in childhood and replaced with the per-
manent teeth. There are 20 deciduous teeth. Ten of these are located at the maxillae,
and 10 of them are located at the mandible. They are consisted of incisors, canines,
and molars. There are 32 permanent teeth. Sixteen of these teeth are located in
the maxillae, and 16 are located in the mandible. They are consisted of incisors,
canines, premolars, and molars. The main difference between the deciduous and
permanent dentition is that the permanent dentition has the premolar teeth. There
are four premolars in the maxillae and four premolars in the mandible [10].

The permanent incisors are placed in front of the oral cavity. There are total
eight incisors, four at the maxillae, and four at the mandible. The function of these
teeth is cutting food. Their crowns are flattened and they usually have a single root.
The incisors are consisted of the central and lateral teeth. The mandibular central
incisor is the smallest tooth in the mouth, but the buccolingual dimension of its root
is very large [11-13].

The permanent canines are placed after the lateral incisors. There are two
canines in the maxillae and two canines in the mandible. The canines tear and shred
food. The canine has a single root and root canal. Its root is longer compared to the
incisors [12].

The premolar teeth are located between the canines and the molars. There are
four premolars in the maxillae and four premolars in the mandible. The premolars
are the transitional teeth. They are only present in the permanent dentition. They
guide food from the front of the mouth back to the molars. They can have two or
more cusps on their crown [10]. The second maxillary premolar tooth in the maxil-
lae and the first and second premolar tooth in the mandible have one root and root
canal. Different from these, the first maxillary premolar tooth has two roots and
root canals, one located in the buccal and the other in the palatal area. In some cases
there can be extra roots and root canals in these teeth [3].

The permanent molars are located in the posterior region in the oral cavity. The
molars are placed after the premolars in the permanent dentition. There are six molars
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in the maxillae and six molars in the mandible. The functions of these teeth are to
crush and grind food. They have multiple cusps on their crown [10]. The root configu-
ration and number differ among these teeth. The maxillary molars usually have three
separate roots; mesiobuccal, distobuccal, and palatal. Sometimes there can be one,
two, or four roots [14]. On the other hand, the mandibular molars usually have two
roots: mesial and distal. However, rarely these teeth can have one or three roots [15].

The teeth may be affected from various anomalies. These anomalies can change
the structure, color, shape, and form of the teeth. The anomalies are named as
concrescence, fusion, germination, taurodontism, dilaceration, enamel pearls, dens
invaginatus, dens in dente, dilated odontoma, dens evaginatus, talon cusp, amelo-
genesis imperfecta, dentinogenesis imperfecta, osteogenesis imperfecta, dentin
dysplasia, regional odontodysplasia, and Turner’s hypoplasia. Dentists should have
knowledge about these anomalies and the possible complications they can lead
during dental treatment [16].

The aim of this book is to provide the readers information about dental mor-
phology, anatomy, and anomalies.

2. Overview of the chapters of this book

Second chapter: “Tooth Morphology Overview” written by Abeer Alshami,
Shatha Alharthi, Munirah bin Shabeeb, and Monika Wahi. The authors start with
the nomenclature and continue with tooth numbering systems in this chapter. They
give details about the Fédération Dentaire Internationale (FDI) system, tooth mor-
phology and anatomy, and stages of tooth formation. They end the chapter with the
hypotheses accepted nowadays about formation of the tooth. The authors provide
useful information and rich illustrations for the readers.

Third chapter: “Root Canal Morphology and Anatomy” written by Esra Giiven
Pamukgu. This chapter gives the readers beneficial information about root canal
anatomy and morphology of maxillary and mandibular incisors, canines, premo-
lars, and molars. A novel tooth morphology classification respecting tooth number,
number of roots, and root canal configuration types is presented. A summary of
dental anomalies can be found at the end of the chapter.

Fourth chapter: “External and Internal Anatomy of Mandibular Permanent
Incisors” written by Mohammed A. Aldawla, Abdulbaset A. Mufadhal, and Ahmed
A. Madfa. In this chapter detailed information is given about the external root
morphology, the internal root anatomy, and the dental anomalies which can be seen
in permanent mandibular incisor teeth. The chapter is written according to a rich
literature review which is particularly informative.

Fifth chapter: “External and Internal Anatomy of Maxillary Permanent First
Molars” written by Abdulbaset A. Mufadhal, Mohammed A. Aldawla, and Ahmed
A. Madfa. This chapter provides the readers useful information about external root
morphology, internal root anatomy, variations, and anatomical anomalies of per-
manent maxillary first molars. The chapter is written according to a rich literature
review in an elucidative manner.

Sixth chapter: “Can Orofacial Structures Affect Tooth Morphology?” written by
Amanda Valentim, Renata Furlan, Mariana Amaral, and Fernanda Guimaries. This
chapter focuses on the role of orofacial forces on the teeth. The authors give infor-
mation about all factors related in detail. They emphasize the role of the orofacial
muscles, oral habits, and hyperfunction of masticator muscles on the occlusion and
size and shape of the teeth according to a rich literature review.

Seventh chapter: “Evolution of Dental Implant Shapes and Today’s Custom
Root Analogue Implants” written by Ayse Sumeyye Akay. The author provides
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information about root morphology of teeth. Evolution and the fabrication proce-
dures and clinical predictability of root-shaped dental implants are explained in the

chapter. The readers can benefit from the advantages of the root-shaped implants
for immediate placement.
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Chapter 4

External and Internal Anatomy of
Mandibular Permanent Incisors

Mohammed A. Aldawla, Abdulbaset A. Mufadhal
and Ahmed A. Madfa

Abstract

A clear understanding of dental root anatomy, external and internal, is an
essential prerequisite to all dental procedures. In periodontology, the external root
morphology has been proven to have a clinical significance in the predisposing
factors of periodontal diseases. Orthodontic literature shows the importance of
radicular anatomy in orthodontic mechanics through the concept of anchorage. The
significance of internal root anatomy has been emphasized by studies demonstrat-
ing that variations in canal geometry before cleaning, shaping, and obturation
procedures had a greater effect on the outcome than the techniques themselves. The
mandibular central incisor is the smallest tooth in the mouth, but the buccolingual
dimension of its root is very large. This tooth is usually single-rooted; however, the
root canal system of this group is unpredictable. The incidence of two canals has
been reported as low as 0.3% and as high as 45.3%. The wide range of variation
reported in literature regarding the prevalence of a second canal has been related
to methodological and racial differences. This chapter will summarize the morpho-
logical aspects of the root canal anatomy published in the literature of the anterior
mandibular teeth. This will provide precious knowledge regarding root canal
morphology and its variation among populations.

Keywords: morphology, mandibular incisors, variation, root canal

1. External root morphology

The mandibular central and lateral incisors have a single conical root. The root
dimensions of both incisors vary corresponding to the crown. They are narrow in
mesiodistal dimension and wide in labiolingual dimension and taper uniformly on
both proximal sides from the CEJ to the apex. The apical end may curve slightly
to the distal. Longitudinal root depressions can be seen in both incisors from the
mesial and distal views. Multiple comparisons revealed that, among all permanent
teeth, mandibular central incisor has the shortest root. Furthermore, in contrary
to maxillary incisors, the root of mandibular lateral incisor is longer than that of
mandibular central incisor [1]. It has been reported that the average lengths of
mandibular central incisor and lateral incisor roots are 12.6 mm (7.7-17.9) and 13.5
(9.4-18.1), respectively [2]. Kim et al. [3] measured the mandibular incisor root
lengths using CBCT in Korean population and found that no significant differences
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in crown and root lengths were noted between the CBCT-based and direct measure-
ments. The R/C ratios were higher for the mandibular lateral incisors (1.4 + 0.1)
than mandibular central incisors (1.3 + 0.1) [4]. Therefore, crown lengthening may
not be possible in the case of traumatic fracture or iatrogenic orthodontic extrusion
due to the short root length in these teeth. Variations in root length between males
and females have been reported. According to Zorba et al. [5], it was observed that
root length was greater in males than in females. Haghanifar et al. [6] found similar
results when comparing crown and root lengths between males and females. He
found that females had longer crowns while males had longer roots.

Many authors reported that the external crown and root morphology of man-
dibular central and lateral incisors are similar [2, 7, 8]. Mandibular incisors usually
have a single root, which is wider buccolingually than mesiodistally and tapers
toward the apex. The lateral incisor root is larger than that of the central incisor in
mesiodistal and labiolingual directions [8, 9]. Variation in number of roots has not
been reported in literature. However, Loushine et al. [10] have found two rooted
mandibular lateral incisors. However, the shape may vary from conical to round in
different populations. Sexual variation in the number and shape of roots has not
been reported [9]. Mandibular incisor roots are commonly reported to be straight
and in rare occasions curved in the apical region. Curvature can be in the mesial,
distal, labial, or lingual direction [9].

2. Internal anatomy
2.1 Introduction

Orban stated that the shape of the root canal “to a large degree, conforms to
the shape of the root. A few canals are round and tapering, but many are elliptical,
broad and thin” [11].

The internal anatomy of permanent mandibular incisors does not usually
reproduce the simplicity of external anatomy. Its internal anatomy is complicated
by the presence of lingual canals, lateral canals, isthmus, and apical deltas [12]. The
pulp cavity is the central cavity within a tooth and is entirely enclosed by dentin
except at apical foramen. It is divided into coronal portion (pulp chamber) and
radicular portion. The pulp chamber is wide and ovoid labiolingually and it tapers
incisally. The size of the pulp chamber is not constant throughout life. It decreases
in size with aging as a result of secondary dentin deposition [13]. The pulp horn is
well developed in this tooth. The root canal systems of these single-rooted teeth
often have a single root with a single root canal. However, studies have shown that
the root canal anatomy of these teeth is not simple. It may not be single and straight
as it appears on the periapical radiograph. Indeed, these teeth have a high preva-
lence of bifurcation, second canals, lateral canals, and apical deltas which would
complicate surgical and nonsurgical endodontic treatment. Mandibular incisor’s
anatomy presents a challenge when an endodontic access is made, because of its
small size and high prevalence of two canals. The main reason for failure in end-
odontic treatment of mandibular incisors is the inability to detect the presence of
a second canal which can then not be prepared and filled during treatment [14]. In
literature, the incidence of mandibular incisor teeth with more than one canal has
been reported to range from 11 to 68% [15-19]. The differences between these mor-
phology studies may be related to variations of examination methods, classification
systems, sample sizes, and ethnic background of tooth sources. Many researchers
have studied the prevalence of a second canal in mandibular permanent incisors on
different populations and showed that the root canal morphology varies with race,
sex, and age [20-24].
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2.2 Shape and size of pulp cavity in permanent mandibular incisors

Routine clinical radiographs may mislead clinicians to be under an impression
that all root canals are round in shape. A high prevalence of oval root canals in
human teeth was reported [25, 26].

The pulp canal of the permanent mandibular central incisor is wider bucco-
lingually than mesiodistally [9]. These dimensions are not constant along the root
from the orifice till the apex. Oval canals and long oval canals are the most common
canal shape seen in the coronal and middle third [27]. As we approach the apex, the
canal shape becomes more rounded [28]. This canal shape morphology corresponds
to the shape of the root.

2.3 Number of canals in permanent mandibular incisors

The root canal morphology of mandibular central and lateral incisors is very
similar. Although they have only one root and a high prevalence of Type 1 root canal
morphology, surgical and nonsurgical root canal treatment may fail in these teeth
if there is a lack of awareness in their internal anatomy which is complicated by the
presence of the lingual canal, bifurcation, lateral anatomy, and isthmus [17, 29]. The
morphological characteristics of the root canal system were studied using a number
of techniques [18, 27, 30]. The prevalence of a second canal in mandibular permanent
incisors is different between populations. Vertucci [18] reported that the incidence
of the presence of a second canal was 25.7% among American population, whereas
the incidence in Chinese population for the mandibular central and lateral incisors
was 5.71 and 27.36%, respectively [31], 30% in Saudi population [32], 26.2% in north
Jordanian population [33], and 36.25% in North-East Indian population [34]. In
Iranian population, the incidence of mandibular central and lateral incisors having two
canals was 27.3 and 29.4%, respectively [35]. The highest incidence (63%) of a second
canal in mandibular incisors has been reported in a study in Turkish population [19].

Rankine-Wilson and Henry [36] filled the root canals of mandibular anterior
teeth with radio-opaque material, sectioned them in a horizontal plane, and exposed
radiographs. They reported two canals in 40.5% of mandibular incisors. Later,
Vertucci [18] studied the root canal morphology of 300 extracted mandibular ante-
rior teeth using the clearing technique. In 30% of mandibular central incisors and
in 25% of mandibular lateral incisors, there was a second canal. On the other hand,
higher prevalence of a second canal in Chinese population was reported in lateral
mandibular incisors 25.5% compared with 10.9% in central mandibular incisors [37].

Many researches have shown that root canal systems also vary according to
gender. In Turkish population, Sert and Bayirli [19] reported the incidence of second
canal in central incisors in females (70%) was higher than in males (65%). Also in
Turkish population, Arslan et al. [38] found the frequency of mandibular incisors
with a second root canal in males (63%) was higher than in females (35%). The dif-
ferences among both studies may be due to the fact that Sert and Bayirli examined the
root canal morphology in vitro, whereas Arslan et al. studied the root canal anatomy
in vivo. In Chinese population, Zhengyan et al. [30] found a significant difference
between sex. The result of his study showed that 9.4% of the mandibular lateral
incisors in males had a second canal, whereas this value was 11.9% in females. Among
Iranian population, Haji et al. [39] reported that there was no significant difference
between males and females in the incidence of a second canal in mandibular incisors.

2.4 Canal configurations in permanent mandibular incisors

It has become clear that teeth have complicated root canal systems rather than sim-
plified canals [40]. Most investigators have shown that the root canal systems for most,
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if not all, permanent teeth are complex and canals may branch, divide, and rejoin. In
addition to the complexity of root canal anatomy, root canal morphology varies from
tooth to tooth. Concerning root canal treatment, these variations in root canal mor-
phology of permanent teeth may result in missing root canals, nonsurgical endodontic
treatment failure, and a need for surgical procedures. Weine et al. [41] classified root
canal systems into four basic types, but Vertucci [18] subsequently classified them into
eight configurations. The Vertucci classification may give consideration to the complex
reality of canal systems in a way that the Weine et al. system did not.

Weine [42] described each of the canal types as below:

Type I: Single canal from pulp chamber to apex.

Type II: Two canals leaving the chamber and merging to form a single canal
short of the apex.

Type III: Two separate and distinct canals from chamber to apex.

Type IV: One canal leaving the chamber and dividing into two separate and
distinct canals.

Vertucci [24] classified canal configurations into eight types as described below:

Type 1: A single canal from the pulp chamber to apex [1].

Type II: Two separate canals leaving the pulp chamber before joining short of
the apex to form one canal [2-1].

Type III: One canal leaving the pulp chamber before dividing into two in the
root and then merging to exit as one canal [1-2].

Type IV: Two distinct canals that extended from the pulp chamber to the
apex [2].

Type V: One canal leaving the pulp chamber and dividing short of the apex into
two separate distinct canals with different apical foramina [1-2].

Type VI: Two separate canals leaving the pulp chamber, merging in the body of
the root, and re-dividing short of the apex to exit as two distinct canals [2-1-2].

Type VII: One canal leaving the pulp chamber, dividing and then rejoining in
the body of the root, and finally re-dividing into two distinct canals short of the
apex [1-2-1-2].

Type VIII: Three separate, distinct canals that extended from pulp chamber to
apex [3].

Although mandibular incisors are usually single-rooted teeth, their root canal
system cannot be predicted not only between different populations but also
between the same population, with respect to the Vertucci’s configuration. Studies
reported that Vertucci’s Type I configuration has the highest prevalence among the
other Vertucci configurations [43-45]. When a second canal is present, Vertucci’s
Type III configuration is the most common for central and lateral incisors.
Scarlatescu [46] found Type III has higher incidence than Type II, of 25 and 6.3%
respectively in a Romanian population. de Almeida [47] reported that Vertucci’s
Type I and III configurations represented 92% of the sample. Leoni investigated the
root canal anatomy of mandibular central (# = 100) and lateral (z = 100) incisors
and founded that Vertucci’s Type I (50 and 62%, respectively) and Type III (28%)
were the most prevalent canal configurations in incisors [48]. However, researchers
found high prevalence of Vertucci’s Type II than Vertucci’s Type III when a second
canal is present. For example, Al-Qudah and Awawdeh [33] reported that the most
common root canal configurations were Vertucci’s Type I, II, III, IV, and V with a
prevalence of 73.8, 10.9, 6.7, 5.1, and 3.6% of mandibular central and lateral incisors
respectively in a Jordanian population. Another study done in an Iranian popula-
tion conducted by Yazdi and Jafari [49] using in vitro radiography, staining, and
sectioning technique reported 88, 3.5, 0.5, and 8% prevalence of canal typesI, II,
IV, and V respectively in mandibular incisors. A similar study done by Miyashita
et al. [17] among Japanese population founded central and lateral incisors with
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prevalence of Vertucci’s Type I, II, IIl and IV as 87.6, 9.3, 1.4, and 1.7% respectively.
These configurations may have an implication in endodontic treatment outcome. A
properly executed root canal treatment will lead to success in Type I, II, IV, and VIII
canal configurations while the same treatment might lead to unfavorable treatment
outcome in Type III canal configuration. Apically dividing systems like Type V,

VI, and VII are the most difficult systems to prepare and obturate and may have an
influence on the outcome of root canal treatment. Miyashita et al. [17] studied the
relationship between canal configuration and external dimension, and found that
Type II and III root canal configurations of mandibular incisors were larger in tooth
length, and crown width labiolingually and mesiodistally. In cases of nonsurgical
root canal procedure, disinfection and obturation of Type I and IV canal systems
are relatively simple owing to that each of these configurations having definite
canals with separate orifice and apex. Contrarily, Type II, III, and V systems are
different because there are areas in the root where the two canals share space and
others where the canals are separate. This requires an individualized procedure

for preparation and filling in each of these conditions to obtain the most desirable
results. Although the incidence of two separate canals is low, ribbon-like canals are
detected in cases that were classified as Type I (simple root canal) based on their
canal configuration, and this results in enabling the file to touch a large area of the
canal walls.

2.5 Lateral canals in permanent mandibular incisors

Lateral canals are accessory canals located in the coronal or middle third of the
root, extending horizontally from the main canal to the external surface of the
root. Their formation is due to the entrapment of periodontal vessels in Hertwig’s
epithelial root sheath or when blood vessels running from the dental sac through the
dental papilla persist during calcification [50]. Lateral canals communicate with the
periodontal ligament space and this increases risk of spread of periodontal disease
into the pulp canal. According to their location, Vertucci classified lateral canals
into coronal, middle, apical, or furcation. He observed lower occurrence of canal
ramifications in the middle 11.4% and coronal 6.3% thirds compared to the apical
73.5% third [18, 24]. Recent micro-CT studies on root canal morphology of man-
dibular anterior teeth reported that lateral canals are rare [48, 51]. Miyashita et al.
[17] reported that out of mandibular incisors with lateral branches, single lateral
branch had the highest prevalence (82.2%) and multiple branches were extremely
narrow. Al-Qudah and Awawdeh [33] found that there was an increasing prevalence
of lateral canals toward the apical third of the root with approximately 64% occur-
ring in the apical part of the roots. On the other hand, other studies reported that
lateral canals were frequently found in the middle of the canal [34, 46]. Clinically,
lateral canals are not usually visible in preoperative radiographs, but its presence
can be suspected when there is a localized thickening of the periodontal ligament or
alesion on the lateral surface of the root [50]. It is also important to note that lateral
canals cannot be instrumented. Its contents can only be neutralized by the action of
effective irrigation with appropriate tissue dissolvent properties and antimicrobial
activity solution or with the addition of use of intracanal medications.

2.6 Apical deltas in permanent mandibular incisors
Apical deltas are defined as an intricate system of spaces within the root canal
that allows free passage of blood vessels and nerves from the periapical compart-

ment to the pulp tissue [52, 53]. The apical delta is different from the accessory
canal in which the main pulp canal is still distinguishable. The prevalence of
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apical deltas in human permanent teeth varies among populations, and the type
and locations of tooth and methods of study. High prevalence of apical deltas is
found in maxillary second premolars, mandibular lateral incisors, and mandibular
second premolars [22]. Among American population, Vertucci [18] reported that
the incidence of apical deltas was 5, 6, and 8% in the mandibular central incisors,
lateral incisors, and canines, respectively. However, Caligkan et al. [22] reported
that the prevalence of apical deltas in those teeth was 9.8, 23.5and 7.8% in a
Turkish population. Apical deltas have been reported to be of great importance

in endodontics because they are difficult to be instrumented during chemical-
mechanical preparation. Furthermore, their long vertical extension may cause
failure of the apical surgery if not involved during apical resection [54]. Gao et al.
[55] reported that the median vertical distance of the apical delta was 1.87 mm with
13% of them more than 3 mm. Therefore, resection of the apical 3 mm of a root
may include the whole apical delta and residual microorganisms from 87% of roots
with apical delta.

2.7 Intercanal anastomosis in permanent mandibular incisors

A thin communication can occur between two or more canals in the same root
or between vascular elements in tissues [56]. Green [23] described this corridor as
a “ribbon shaped passage.” He found this corridor in 22% of mandibular incisors.
An isthmus is formed when an individual root projection is unable to close itself
off. Any root that contains two root canals has the potential to contain an isthmus
[57]. It may contain tissue remnants and necrotic debris, which participate in
microorganisms’ growth resulting in root canal treatment failure [58]. Therefore,
knowledge of the root canal anatomy is essential for complete cleaning of the
root canal and successful endodontic treatment [11]. Isthmus classification was
described by Hsu and Kim et al. [59]. They classified isthmus into five types: Type
I—two canals with no notable communication; Type II—a hair-thin connection
between the two main canals; Type III—differs from Type II because of the pres-
ence of three canals instead of two; Type IV—an isthmus with extended canals into
the connection; and Type V—there is a true connection or wide corridor of tissue
between two main canals. Mauger reported that isthmus was present in 20% of
the teeth at the 1-mm level, 30% at 2 mm, and 55% at 3 mm [27]. Estrela et al. [60]
demonstrated high prevalence of both partial and complete isthmii in mandibular
lateral incisors (47.6%) compared with mandibular central incisors (33.3%). On
the other hand, Arslan et al. [38] found a low incidence (3.7%) of intracanal com-
munication among Turkish population. A similar study done by Haghanifar [61]
found the prevalence of complete isthmus in the mandibular anterior teeth ranged
from 3 to 5%.

2.8 Anatomy, number, and position of apical foramina in permanent mandibular
incisors

As a result of large width of the root canal buccolingually than mesiodistally,
mandibular incisors have oval and flattened canals [25]. The overall prevalence of
long oval root canals in the apical region in mandibular incisors is >50% [25]. When
using rotary files, these oval-shaped canals are a challenge for proper shaping of the
canal. This is because rotary instrumentation cannot touch all the canal walls, leav-
ing behind untouched area. To improve mechanical apical debridement, the use of
instruments up to an ISO size 100 is required to avoid leaving untouched area on the
buccal and/or lingual walls of the canal [62]. However, using files with large taper
or tip may cause lateral or apical perforation of the root as the root has a narrower
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diameter in the mesiodistal direction. Therefore, it stresses the use of good chemical
disinfection protocol on these teeth. Canals are considered as oval, long oval, and
flattened when the ratio between the maximum and the minimum cross-sectional
diameter is <2:1, 2-4:1, and >4:1, respectively. Apical foramina are the main api-

cal opening of the root canal. It is the main exit of the root canal onto the external
root surface. Variation in the number and position of apical foramina is especially
seen in mandibular incisors with two canals. The apical foramen coincides with the
anatomical apex in 17-52.2% of the cases [19, 22, 33, 57, 63].

A number of studies (17.33%) reported that the position and the number of the
apical foramen vary according to the race. Al-Qudah and Awawdeh [33] reported
that more than half of the roots (52.2%) had centrally located foramina and 47.8%
had laterally located foramina. Apical deltas were observed in only eight teeth
(1.8%), and among mandibular incisors with two canals, single foramen was more
prevalent than two apical foramina. Miyashita et al. [17] reported that only 3% of
the mandibular incisors containing two canals had two foramina. He also found that
67.9% of mandibular incisors with curved root had eccentrically located foramina
toward the labial direction and none of the canals were curved lingually.

According to Walker [63], the distance between the apical foramen and the most
apical end of the root ranges between 0.2 and 2.0 mm. The diameter of the apical
foramen of mandibular incisors has been reported to be as 262.5 pm.

2.9 Anomalies in permanent mandibular incisors

Anomaly (Gk, anomalos; irregular) is a deviation from what is regarded as nor-
mal [64]. These abnormalities may occur, in terms of size or shape, to either crown
or root. WHO listed the following dental anomalies: concrescence, fusion, gemina-
tion, dens evaginatus, dens in dente, dens invaginatus, enamel pearls, macrodontia,
microdontia, peg-shaped teeth, taurodontism, and tuberculum paramolare [65].
Anomalies of permanent mandibular incisors regarding the crown and root shape
are extremely rare. However, few case reports have registered anomalies associ-
ated with mandibular incisors. As an example, dens invaginatus, a deep surface
invagination of the crown or root, which is lined by enamel and resulting from the
invagination of the enamel organ into the dental papilla during odontogenesis, can
be seen in these teeth [66]. Dens invaginatus has been classified into three catego-
ries according to the depth of invagination and communication with the periapical
tissue or periodontal ligament [67].

Type 1: The invagination ends as a blind sac confined to the crown.

Type 2: The invagination extends apically beyond the external CE], ending asa
blind sac and never reaching the periapical tissues.

Type 3: The invagination extends beyond the CE]J and a second “apical foramen”
is found in either the periapical tissues or the periodontal ligament.

The prevalence of this anomaly has been found to range from 0.25 to 5.1% of the
population [66]. More commonly, dens invaginatus occurs in the maxillary per-
manent lateral incisors. Also, it may occur in maxillary central incisors, premolars,
canines, and molars. It usually occurs unilaterally, but bilateral cases have also been
reported [68]. Occurrence of dens invaginatus in mandibular teeth is very rare.
When it occurs in mandibular incisors, the central incisor has a higher incidence
compared with lateral incisor [69, 70].

Talon cusp is also a rare developmental anomaly defined as an additional cusp
that projects predominantly from the labial or lingual surface of primary or per-
manent anterior teeth [71]. Mellor and Ripa [72] named this anomaly “talon cusp”

as it resembles the shape of an eagle’s talon. Talon cusp was classified by Hattab
[73] as follows:
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Type 1: True talon cusp—this is a morphologically well-delineated additional
cusp that prominently projects from the palatal surface of a primary or permanent
anterior tooth and extends at least half the distance from the CE]J to the incisal edge.

Type 2: Semi talon cusp—this is an additional cusp of size a millimeter or more
but extending less than half the distance from the CEJ to the incisal edge.

Type 3: Trace talon—this is enlarged or prominent cingula and their variations
(i.e., conical, bifid, or tubercle-like).

Radiographically, the talon cusp may appear typically as a V-shaped radiopacity,
starting from the cervical third of the crown. Most of the talon cusps occur in the
maxillary lateral incisors (55%), followed by maxillary central incisors (32%) and
maxillary canines (9%) [71]. Although it is rarely seen in mandibular teeth [74],
Giindiiz and Celenk [43] studied the site distribution of talon cusp among Turkish
population and found only 3% of talon cusp was seen in the mandibular right
central incisors.

Another rare developmental anomaly that has been reported to occur in man-
dibular central incisor is “Gemination” [75]. It is a rare anomaly that arises when
the tooth bud of a single tooth attempts to divide. The structure most often presents
as two crowns, either totally or partially separated, with a single root and one root
canal [76]. In the anterior region, gemination can cause poor esthetic appear-
ance due to irregular morphology. In addition, these teeth are more susceptible to
periodontal disease and caries, if deep groove is present [77, 78].

Fusion is another developmental anomaly which can occur in these teeth.
Contrary to gemination, fusion is defined as the union of two or more sepa-
rately developing tooth germs during odontogenesis, when the crown is not yet
mineralized at the dentinal level, yielding a single large tooth [79]. Depending
on the stage of development at the time of union, the pulp might be merged or
separated [80]. Fusion is more frequently seen in primary dentition, but it may
occur in both dentitions. If it occurs in permanent dentition, the vast majority of
permanent teeth fusion cases are seen in maxillary teeth. Although, the incidence
of fusion of mandibular incisors is rare, mandibular central incisors have been
reported to fuse with a supernumerary tooth [81] and bilaterally with the adjacent
lateral incisor [82].

It should be emphasized that special attention is required during root canal
treatment owing to the abnormal morphology of the crown and the complexity of
the root canal system in fused teeth.

3. Clinical recommendation relevant to the mandibular incisors’
anatomy

Mandibular incisors are prone to endodontic treatment as a result of several
reasons. Due to their location in the jaw, they are prone to traumas that result in
tooth fracture which may necessitate root canal therapy. Moreover, their proximity
to the opening of the sublingual and submandibular ducts increases the incidence
of dental caries as a result of lingual deposition of calculus. Therefore, an accurate
knowledge of the external and internal anatomy of these teeth is an essential pre-
requisite to carry out root canal treatment. They often have two canals that are buc-
colingually located and the lingual canal usually is missed. Therefore, the dentist
should extend the access preparation in lingual direction to locate the lingual canal
which is usually below the cingulum. In case of two canals, Type II canal is the most
prevalent configuration where the buccal canal is the most straight and easiest to be
located. Consequently, it is recommended to instrument and fill these canals till the
apex whereas the lingual canal merges with the labial canal. Presence of an isthmus
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may complicate the root canal disinfection as it may contain tissue remnants and

necrotic debris, hence irrigation and activation are very essential to overcome these
anatomical difficulties.
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Abstract

This chapter provides an overview of tooth morphology, including a review of
tooth anatomy, tooth development, and associated nomenclature and numbering
systems. First, basic tooth morphology nomenclature is presented. Next, vari-
ous tooth numbering systems are described and discussed, and the Federation
Dentaire Internationale (FDI) system is detailed. Third, tooth surfaces and ridges
are explained along with terminology, followed by an explanation of tooth crown
and root anatomy. Fourth, the stages of tooth formation are described, starting with
the bud stage, and followed by the cap stage, bell stage, and maturation. Annotated
diagrams are presented for clarity. Finally, two currently accepted hypotheses
explaining tooth formation are presented.

Keywords: tooth, tooth components, odontogenesis

1. Introduction

In order to understand tooth morphology, it is necessary to understand the anat-
omy of the structures within the tooth. In order to understand these, it is helpful to
understand tooth development. Therefore, this chapter will cover tooth develop-
ment and explain the tissues and structures involved in tooth growth. Because teeth
take a variety of forms, it is necessary to enumerate them with numbering systems
and apply nomenclature; these will be described as well.

To be most understandable, this chapter will begin by presenting the nomen-
clature associated with tooth morphology. Next, tooth numbering systems will be
described and presented. Third, the anatomy of the crown and root of the tooth will
be covered, and an explanation of tooth surfaces and ridges presented. Finally, an
overview of tooth development will be provided, following the tooth through the
bud stage, cap stage, bell stage, and maturation. Finally, two hypotheses behind
tooth formation will be explained.

2. Nomenclature

In order to understand tooth morphology, it is important to understand both the
nomenclature and the associated anatomy. To begin, the human jaw consists of two
parts: the maxillary, referring to the upper jaw, and the mandibular, referring to the
lower jaw (see Figure 1) [1]. The maxillary is divided into two quadrants called the
upper left quadrant and the upper right quadrant. The mandibular is divided into
the lower left quadrant and the lower right quadrant.
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Humans have two sets of teeth during their lifetime. The first set is called the
primary teeth (also called deciduous dentition), and are the first teeth to appear in
the mouth. The primary teeth are replaced later on in childhood with permanent
teeth (also referred to as succedaneous teeth) [1]. Figure 1 shows a diagram of an
adult human jaw with complete teeth.

Adult humans have four types of teeth: molars, premolars, canine teeth, and
incisors (see Figure 2). As seen in Figure 2, in the adult jaw, there are a total of 32
teeth [1]. Both the mandibular and the maxillary have two front teeth, and these are
called the central incisors. On either side of the pair of central incisors is a lateral
incisor [1]. The lateral incisor on each side is followed by one canine tooth, which
is followed by two premolars, which are then followed by three molars. In primary
teeth, there are a total of 20 teeth [2]. Like with adults, primary teeth have the
same central incisors, lateral incisors, and canines [2]. However, in primary teeth,
the canines are followed by a first molar and second molar [2]. The first molar will
eventually be exfoliated and replaced by the two premolars, and the second molar
will eventually be exfoliated and replaced by the three molars [2].

As seen in Figure 1, the jaw is divided into quadrants. The teeth are numbered by
quadrant using the Federation Dentaire Internationale (FDI) system, which will be
explained in the next section.

Lower beft Lower right Upperleft Upper right
quadrant quadrant quadrant quadrant
S
X <
7 Maillary
Marndibular -
o Ition Dentition

Figure 1.
Adult human jaw with quadrants.

Cerilral ingmais
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Mandibular Widter Muxllary
Dentitian Dentitian

Figure 2.
Adult human jaw with tooth types.
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2.1 Tooth numbering systems

Several systems are used in clinical practice for dental notation. In the late 1800s,
the Zsigmondy-Palmer system, which is an “eight numerical quadrant system,”
came into use [3]. However, the coding involved complex symbols and was hard to
adopt [3]. Next, the Universal System was proposed, and has been adopted by the
American Dental Association (ADA) since 1975 [3]. Unfortunately, this system has
the weakness of lacking an anatomic reference, so matching teeth and quadrants
can be confusing [3].

In 1966, the FDI System was introduced [3]. Unlike the previous systems, it
is simple and accurate while still being easy to memorize and apply [3]. Hence, it
was adopted in 1970 by the FDI and later in 1994 by the International Standard
Organization (ISO) [3, 4]. The main drawback of the FDI system is that with
respect to primary teeth, it can be confusing and challenging to memorize [3].
However, this chapter will focus mainly on adult tooth morphology, so we will use
the terminology from the FDI system.

2.1.1 The FDI system for primary teeth

Figure 3 shows the FDI numbering system for primary teeth. Each tooth is
assigned a two-digit number. The first digit refers to the quadrant, with five rep-
resenting the maxillary right quadrant, six representing the maxillary left quad-
rant, and seven and eight representing the mandibular right and left quadrants,
respectively [4]. The second digit in the number represents the tooth number [4].
As an example, tooth 62 represents the maxillary left lateral incisor, and tooth 85
represents the mandibular right second molar. The pronunciation of the numbers
is by digits; so tooth 62 is pronounced as “six, two,” not “sixty-two,” and tooth 85 is
pronounced as “eight, five,” not “eighty-five.”

Upper Right Upper Left
a5 54 53 52 s1 | 62 @3 fid 65
5 kA il &2 bl | 71 Tl T 7 5
Lower Rizght Lowsr Left

Figure 3.
FDI system for primary teeth.

2.1.2 The FDI system for permanent teeth

Figure 4 shows the FDI system for permanent teeth. As with primary teeth, the
first digit represents the quadrant, so one represents the maxillary right quadrant,
two represents the maxillary left quadrant, and three and four represent the man-
dibular right and left quadrants, respectively [4]. The second digit in the number
represents the tooth number; so tooth 35 would be the mandibular left second
premolar and tooth 17 would be the maxillary right second molar.
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Figure 4.
FDI system for permanent teeth.
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2.2 Tooth surfaces and ridges

Permanent teeth are divided into two groups: anterior teeth and posterior teeth.
Anterior teeth include the teeth toward the front of the mouth, including the cen-
tral incisors, the lateral incisors, and the canines, while posterior teeth, or the teeth
toward the back of the mouth, include the premolars and molars [1]. The difference
between these types of teeth will be described in the next section.

The crown is the part of the tooth that is visible in the oral cavity. The crowns
of anterior teeth have four surfaces and one ridge, while posterior teeth only have
surfaces [1] (see Figure 5). The surface of a tooth that is facing an adjacent tooth is
referred to as a proximal surface. The area of the tooth that contacts the adjacent tooth
is called the contact area [1]. In order to determine which proximal surface is being
described, imagine a vertical line drawn down the center of the face. The proximal sur-
face closest to that line would be considered as the mesial surface, and the one furthest
from the line as the distal surface.

Another way to think about mesial and distal proximal surfaces is to consider
them in relation to the palate. The palate refers to the upper portion of the mouth,
where the maxillary dentition is housed. The surfaces facing the palate are referred
to as palatal surfaces. On both anterior and posterior teeth, the distal surface is the
surface facing away from the midline of the palate, and the mesial surface is the
surface facing toward the midline of the palate [1].

As shown in Figure 5, the surfaces of anterior teeth facing the lips are referred
to as labial surfaces, while the surfaces of posterior teeth facing the buccal mucosa
are called buccal surfaces. Surfaces of posterior teeth which occlude opposing pos-
terior surfaces are called occlusal surfaces. For example, in Figure 5, the occluso-
lingual line angle is likely on an occlusal surface. In anterior teeth, this situation is
referred to as incisal surfaces [1]. In Figure 5, the incisocervical dimension would
likely be an incisal surface.

In Figure 5, on the anterior tooth, a proximal surface would be near the mesiolabial
line angle, and the distolingual and distolabial line angles would be away from the
proximal surface. On the posterior tooth diagram in Figure 5, the mesiobuccal line angle
and mesiodistal dimensions would be more likely to be on the proximal surface, while
the distolingual and distobuccal line angles would be away from the proximal surface.

2.3 Crown and root anatomy

Each permanent tooth consists of a crown and root (see Figure 6). The crown
is the part of the tooth that is visible in the oral cavity, while the root is the portion
that is firmly embedded in the alveolar bone. The crown and root join at a surface
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Figure 5.

Surfaces of anterior and posterior teeth.
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Figure 6.
Crown and root for permanent teeth.

called cementoenamel junction (CE]J) [1]. Please note that in Figure 6, the lingual
surface of the crown is at the bottom of the diagram.

Human teeth have four types of tissues; the first three are enamel, dentin, and
cementum, and these are referred to as hard tissues [1]. The fourth, pulp, is referred
to as soft tissue [1]. In terms of the root, as shown in Figure 6, the pulp chamber
consists of soft connective tissue that enervates and provides the blood supply to
the tooth. The pulp chamber is surrounded by dentin, which is the inner portion of
the tooth (surrounded by red in the diagram).

Dentin makes up the largest proportion of tissue in the tooth. In the root,
the dentin is covered by a layer of cementum. At the top of the root is the apical
foramen, where the nerves and blood supply can enter the pulp and transit to the
pulp through the root canal. In terms of the crown, the dentin is surrounded by
enamel, and where they meet is called the dentinoenamel junction [1].

As described earlier, the crown portion is covered by enamel, and the bulk of
the crown is composed of dentin. The crown morphology varies among the denti-
tion. The crowns of anterior teeth, such as central and lateral incisors, have cutting
edges. Other teeth in the dentition have cusps to aid in chewing; canines have a
single cusp, while premolars and molars have two or more cusps [1].

Regardless of type of tooth—molar, premolar, canine, or incisor—all adult teeth
have features labeled with particular terminology. These features are illustrated in
Figure 7 using the example of a canine anterior tooth. Note in Figure 7, the apex of
the root refers to the tip of the root, and the cusp refers to the opposite end of the
tooth. The line between the apex of the root and the tip of the cusp is referred to
as the root axis line. Per Figure 7, on the front view, the cusp can be said to start at
where the slope starts; the distal slope and the mesial slope are labeled, and from
here to the tip of the cusp is the cusp. The line that separates the crown from the
root is called the cervical line, and the area where the crown meets the root is called
the cervix [1].
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Figure7.
Diagram of canine anterior tooth.

The curves in the crown are referred to as curvature. Figure 7 shows the distal
contact area and crest along with the mesial contact area and crest of the curvature
from the front view, and the labial crest and lingual crest in the side view. Note in
the side view that the lingual concavity, marginal ridge, and cingulum refer to the
features behind the tooth.

Referring to Figure 7, please observe the sharp distal and mesial slopes of the cusp
which give the canine tooth its cutting edge and make canine teeth optimized for
tearing food [5]. The incisors share similar sharp edges, but are better at cutting food
rather than tearing it [5]. Both the premolars and the molars have flatter surfaces; the
distance between the tip of the cusp and the apex of the root are much shorter [5].

3. Stages of tooth formation

Tooth development goes through different stages: the bud stage, the cap stage,
the bell stage, and finally, maturation. This section will explain the staging of tooth
development so it is possible to understand both the embryological and the mor-
phological aspects that take place along a continuum.

3.1 Bud stage

In the bud stage, the tooth bud forms, and the cells from the tooth bud come
originally from the ectomesenchyme. The ectomesenchyme originates from the
neural crest, which is a group of cells situated in the cranial region during the
early development of the vertebrate. This ectomesenchyme layer takes the lead
in the formation of the hard tissue in the body that includes bone and teeth.
Ectomesenchymal cells congregate deep into the bud, forming an aggregation of
cells, which is the initiation of the condensation of the ectomesenchyme [6].

One of the earliest signs in the formation of the tooth that can be seen micro-
scopically is the dental lamina, situated next to the vestibular lamina, which
begins to form the tooth bud (see Figure 8). The vestibular and dental lamina
both originate from the buccopharyngeal membrane [1]. The vestibular lamina is
responsible of the creation of the vestibular, which is the area between the junction
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Enamel organ

Bud Dental papilla

Dental Sac

Figure 8.
Bud stage.

of the gingiva and the tissue of the cheek (not shown). It is usually formed after the
formation of the dental lamina, around 37 days in utero.

The dental lamina is a bundle of epithelium tissue which appears as the earliest
sign of tooth development, at 6 weeks in utero. When the dental lamina starts form-
ing a tooth bud, it is called the bud stage (or initiation stage) (see Figure 8). The
dental lamina connects the developing tooth bud to the epithelial layer of the mouth
until full separation happens and the tooth forms [6].

As shown in Figure 8, first, the tooth bud appears with a random number of
cells. Next, the epithelial cells proliferate into the ectomesenchyme of the jaw. This
proliferation occurs when the fetus is about 8 weeks old.

From this proliferation, 10 round epithelial structures form. Each one of them
will form its own bud, which will then develop into a tooth at the distal aspect of the
dental lamina of each arch. This set of 10 teeth will represent the primary teeth of
each dental arch. After this, each tooth bud becomes separated from the ectomesen-
chyme through the development of a basement membrane.

3.2 Cap stage

In the bud stage, the cells are randomly arranged, but once the cap stage is
reached, the orderly arrangement of cells takes place (see Figure 9). A minor group
of ectomesenchymal cells suppresses the production of extracellular substances,
which leads to an aggregation of these cells within the dental follicle, forming the

Enamel organ

Quter enamel epithelium

Inner enamel epithelium

Dental follicle

Dental i
ental sac Dental papilla

Figure 9.
Cap stage.
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dental papilla. At this stage, the tooth bud grows around the dental papilla, forming
the appearance of a cap, and becomes the enamel organ covering the dental papilla.
Ectomesenchymal cells form the dental sac surrounding the enamel organ and limit
the dental papilla. Eventually, the enamel organ will form enamel, the dental papilla
will form dentin and pulp, and finally, the dental sac will form all the supporting
structures of a tooth, and the periodontium [7].

Notice the Inner enamel epithelium (IEE) in Figure 9. During the cap stage, this
undergoes rapid division called mitosis to increase cells that will later form the tooth

pulp.
3.3 Bell stage

The bell stage is the third stage in the process of odontogenesis, where the
enamel organ comes to resemble a bell shape (see Figure 10). At this stage, the
interior of the enamel organ’s cells is called stellate reticulum (SR), because of
the star-shaped appearance of the cells. This is also the stage where histodiffer-
entiation and morphodifferentiation take place, in which the different tissues of
the tooth form and tooth shapes are established [8]. Notice in Figure 10, the SR
of the enamel organ is bordered by a layer of ameloblasts, followed by a layer of
odontoblasts; these are tissues where histodifferentiation and morphodifferen-
tiation have taken place. Ameloblasts will evolve into enamel, and odontoblasts,
which originate in the dental papilla, will later play a role in forming the organic
matrix on which minerals will be deposited as part of tooth formation.

The bell stage is divided into two stages: the early bell stage and the late bell
stage. They will be described here.

3.3.1 Early bell stage

The early bell stage is when morphodifferentiation and histodifferentiation
take place, and the tooth crown assumes its final shape (see Figure 11). It has four
different layers of epithelial cells. The outer enamel epithelium (OEE) is a layer of
cuboidal cells that covers the enamel organ in a developing tooth. The IEE is a layer
of columnar cells which covers the recess of the enamel organ in a developing tooth.
The stratum intermedium (SI) is the layer of the cells between the IEE and the SR. As
described before, the SR is a set of cells situated in the center of the enamel organ of
a developing tooth that are shaped like a star. The rim of the enamel organ where the
OEE and IEE link on each side is called the cervical loop (see Figure 11) [8].
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Figure 10.
Bell stage.
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Figure 11.
Early bell stage.

The early bell stage represents sets of tissue that will evolve into the full tooth.
The tissue layers that will develop, in order from innermost to outermost, will be
composed of dentin, enamel (formed by IEE made of ameloblasts, as they move
outward and upward), IEE, and SI. SI are stratified cells that support the synthetic
activity of the IEE. Next, as shown in Figure 11, is the initial enamel organ, the
center of which is made up of SR cells that serve to safeguard the enamel organ.
there are all enclosed by the OEE layer [9].

Further events happen during the early bell stage. The dental lamina disintegrates,
emancipating the developing tooth, which completely parts from the epithelium of
the oral cavity. The developing tooth will remain separated from the epithelium until
later, after the late bell stage, when the tooth will erupt into the mouth. During the
early bell stage, the crown of the tooth takes shape, guided by the shape of the IEE.

3.3.2 Advanced bell stage

Throughout the advanced bell stage, hard tissues, including enamel and dentin,
are developed. Some researchers call this phase the “crown stage.” In the advanced
bell stage, significant cellular changes occur, and the mitosis that went on during
the cap stage is arrested. As shown in Figure 12, at this time, the initial mineralized
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Odontoblasts
Inner enamel epithelium
Dental papilla

Figure 12.
Advanced bell stage.
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hard tissues form into the dentin and the enamel. The IEE cells adjust in shape from
cuboidal to columnar and evolve into preameloblasts simultaneously. The nuclei of
these preameloblasts move outward, away from the dental papilla as they evolve,
and their surface stretches [8].

The cells that form dentin originate in the dental papilla. They randomly grow
in size and discern into odontoblasts (see Figure 12). Researchers believe that the
odontoblasts would not form if it was not for the developments occurring in the
IEE. The odontoblasts secrete a substance into their immediate surroundings during
development that forms an organic matrix. This reaches the IEE, and the formation
of odontoblasts continues from the tip of the cusp [10].

Dentin formation requires materials that are present in the organic matrix. As
odontoblasts deposit minerals onto the organic matrix to create predentin, they
move toward the center of the dental papilla. Dentin begins forming on the surface
nearest to the outside of the tooth and continues inward. In contrast, the enamel
grows outward.

Cytoplasmic extensions are left behind as the odontoblasts move inward. The
resulting unique tubular microscopic appearance allows for the creation of dentin
around these extensions. The cells of the IEE conceal an organic matrix against the
dentin after dentin formation begins. This matrix directly mineralizes, and becomes
the primary layer of the tooth’s enamel. Ameloblasts proliferate to facilitate the final
formation of the enamel layer.

3.3.3 Maturation stage

The maturation stage, also called “apposition,” is considered by many as the final
stage of tooth formation. However, others do not agree with this nomenclature, as it
essentially refers to the final period after the tooth is fully formed.

In the maturation stage, both enamel and dentin increase in thickness, and
cementum forms after eruption, and follows the development of the root (see
Figure 13). This stage is extremely important for crown formation, as any distur-
bance at this stage will cause a major deformity in crown development. Potential
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Figure 13.
Maturation stage.
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deformities include enamel hypoplasia or hypocalcification, which can manifest
clinically as white or yellowish spots on the crown. In addition, tooth development
at this stage is very sensitive to any illness in the mother during pregnancy, which
can impact primary teeth. Further, illness in the first year of the child’s life can
impact enamel formation in permanent teeth [11].

4. Tooth morphology hypotheses

Throughout the mouth, though all teeth develop through these stages, it is still not
clear why teeth form various crown shapes—for instance, incisors vs. canines. There
are two dominant hypotheses. The first is the “field model,” which suggests that the
elements for each type of tooth shape originate in the ectomesenchyme during tooth
development. The elements for specific kinds of teeth, such as incisors, are local-
ized in one area and dissipate quickly in different parts of the mouth. Therefore, for
instance, the “incisor field” has factors that grow teeth into the incisor form, and this
field is focused in the central incisor area but decreases rapidly in the canine area [1].

The second dominant hypothesis, the “clone model,” suggests that the epithelium
programs a set of ectomesenchymal cells to produce teeth of specific shapes. This set of
cells, called a clone, persuades the dental lamina into tooth growth, producing a tooth
bud to form. Development of the dental lamina persists in an area called the “progress
zone.” As soon as the progress zone travels a certain distance from the first tooth bud,
this marks the beginning of the development of a second tooth bud [1, 12].

These two hypotheses are not automatically mutually exclusive, and widely
accepted dental science does not see them as contradictory. It is assumed that both
models explain tooth development at different times.

5. Conclusion

In conclusion, this chapter presented an overview of tooth morphology. First,
nomenclature was defined and then tooth numbering systems were described. After
this, the anatomy of the crown and root, as well as explanations of the tooth sur-
faces and ridges were presented. The next section focused on tooth development,
starting with the bud stage. A description of the formation of the tooth continued
through the section on the cap stage and the bell stage, and finally, the maturation
stage was described. The chapter ended with a discussion of two tooth morphology
hypotheses that are thought to help explain tooth development.

In order to grasp the morphology of the human tooth, it is necessary to under-
stand the stages of tooth development. These stages give rise to the final morphol-
ogy of a variety of human teeth with different surfaces and ridges, which are named
using an entomologic system, and enumerated using numbering systems. This
chapter provides a guide to the various stages of tooth development and the tissue
composition of teeth at various stages of development, and provides insight into the
vocabulary and numbering systems used to identify and describe human teeth

Acknowledgements
The authors would like to thank Dr. Hanan Abdulla Al Ghayhab for creating the
illustrations for the stages of tooth formation. The authors would also like to thank

Ms. Sarah Ibrahim ALHarthi and Ms. Sama Subhi ALHarthi for assisting with the
other illustrations.

65



Human Teeth - Key Skills and Clinical Illustrations

Conflict of interest

All of the authors declare that they have no conflict of interest with this

publication.

Nomenclature
Advanced bell stage
Anterior teeth
Apex of the root
Apical foramen
Bell stage

Buccal surfaces
Bud stage

Canine teeth

Cap stage
Cementoenamel junction
Cementum

Central incisors

Cervical line

Cervical loop

Cervix

Clone model

Crown
Curvature
Cusp

Dental lamina

Dental papilla

Dental sac

Dentin
Distal surface
Early bell stage

Ectomesenchymal cells

66

last part of the bell stage, where hard tissues of the
tooth are developed; also called the crown stage
teeth toward the front of the mouth, including
central incisors, lateral incisors, and canines

tip of the root

the top of the root, where nerves and blood supply
can enter the pulp and transit to the pulp through the
root canal

the third stage of tooth formation, where the enamel
organ comes to resemble a bell shape

surfaces of posterior teeth facing the buccal mucosa
first stage of tooth development where the tooth bud
forms

one canine tooth is present next to each central inci-
sor in the maxillary and mandibular

stage after bud stage, where orderly arrangement of
cells takes place

where the crown of the tooth meets the root

alayer of hard tissue covering dentin in the tooth
the two front teeth in the maxillary and mandibular
line that separates the crown from the root

the rim of the enamel organ where the outer enamel
epithelium and the inner enamel epithelium meet
area where the crown meets the root

hypothesis of tooth formation that suggests that the
epithelium programs a set of ectomesenchymal cells
to produce teeth of specific shapes

the portion of the tooth visible in the oral cavity
curves in the crown

tip of the tooth; canines have a single cusp, while
premolars and molars have two or more cusps

layer of cells next to the vestibular lamina that begin
to form the tooth bud

formed during the cap stage from an aggregation of
cells within the dental follicle

group of ectomesenchymal cells that surround the
enamel organ and limit the dental papilla during the
cap stage

a hard tissue that makes up the largest proportion of
the tooth

the proximal surface of a tooth furthest from a verti-
cal line drawn down the center of the face

first part of the bell stage, where morphodifferentia-
tion and histodifferentiation take place

cells from which tooth formation originates
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a hard tissue forming the outer layer of the tooth
tooth numbering system that is easy to memorize
and has been adopted by the International Standard
Organization

hypothesis of tooth formation that suggests that the
elements for each type of tooth shape originate in the
ectomesenchyme during tooth development

alayer of columnar cells which covers the recess of
the enamel organ in a developing tooth

surfaces of anterior teeth facing the lips

the teeth on either side of the central incisors in the
maxillary and mandibular

left portion of the mandibular

right portion of the mandibular

lower jaw

final stage of tooth formation; also called apposition
upper jaw

the proximal surface of a tooth closest to a vertical
line drawn down the center of the face

in the adult mouth, three molars follow the two
premolars in the maxillary and the mandibular. For
primary teeth, there are no premolars, and only

two molars. The first molar will be exfoliated and
replaced by the two premolars, and the second molar
will be exfoliated and replaced by the three molars
surfaces of posterior teeth which occlude opposing
posterior surfaces

cells that originate in the dental papilla that ultimately
secrete a substance that forms an organic matrix
layer of cuboidal cells covering the enamel organ in a
developing tooth

surfaces of the tooth facing the palate

upper portion of the mouth

teeth that replace primary teeth later on in childhood;
also called succedaneous teeth

teeth toward the back of the mouth, including
premolars and molars

during the advanced bell stage, inner enamel epithe-
lium cells evolve into preameloblasts

cells created from odontoblasts depositing minerals
onto an organic matrix

in the adult mouth, next to each canine tooth in the
maxillary and mandibular are two premolars

first set of teeth humans have in their lifetime; also
called deciduous dentition

a surface of a tooth that is facing an adjacent tooth
soft tissue in the root of the tooth that enervates and
provides blood supply to the tooth

araised area of a tooth

the portion of the tooth between the cementoenamel
junction and the apical foramen

line between the apex of the root and the tip of the
cusp
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Root canal

Stellate reticulum
Stratum intermedium
Surface

Tooth bud

Universal System
Upper left quadrant
Upper right quadrant

Vestibular lamina

Zsigmondy-Palmer System

Author details

canal starting at the apical foramen leading to the
pulp chamber that allows nerves and blood supply to
enter the pulp

interior of the enamel organs cells

layer of cells between the inner enamel epithelium
and the stellate reticulum

a flat area of a tooth

the first stage of tooth formation

tooth numbering system adopted by the American
Dental Association that lacks an anatomical reference
left portion of the maxillary

right portion of the maxillary

layer of cells next to the dental lamina that begin to
form the tooth bud

eight numerical quadrant system for tooth number-
ing used in the late 1800s
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Chapter 6

External and Internal Anatomy of
Maxillary Permanent First Molars

Abdulbaset A. Mufadhal, Mohammed A. Aldawla
and Ahmed A. Madfa

Abstract

Adequate knowledge of the tooth morphology is of paramount importance for
clinicians worked in the different branches of dentistry in order to maintain good
oral health. Unfortunately, tooth morphology shows a high level of complexity and
variability. These anatomical variations have been reported to be related to many
factors including age, gender and ethnicity. The permanent first molars are the
largest teeth in the maxilla which play an important role in mastication. Because of
their early eruption, they are more vulnerable to caries and subsequent pulp and
periapical pathoses. This chapter will summarize the internal and external morpho-
logic features of these teeth with the reported variations in relation to age, gender
and population in order to provide clinicians with the morphological knowledge
necessary for performing successful dental treatments.

Keywords: morphology, maxillary, first molar, variations

1. External anatomy
1.1 Crown morphology

In the maxillary arch, the permanent first molar is the largest tooth. The ana-
tomical crown of this tooth is broader buccolingually than mesiodistally (usually
by 1 mm). This, however, may be changed from one individual to another. Even
though, the crown is slightly shorter than premolars, it is wider both mesiodistally
and buccolingually, giving the occlusal table its generous surface area that helps in
food grinding [1].

This tooth has five cusps, four of which are well-developed to perform the
intended function. These include the mesiobuccal, the mesiolingual, the distobuc-
cal, and the distolingual cusps. The fifth one has yet been considered as a supple-
mental cusp of little physiological importance [1]. This little cusp have several
names including accessory cusp, supplemental cusp, mesiolingual elevation, fifth
lobe, Carabelli’s tubercle, etc. [2] and can take various shapes ranging from a well-
developed cusp to an interconnecting depressions, grooves, or pits on the mesial
half of the palatal surface. The presence of this cusp or a developmental groove at
its normal site is used to distinguish the maxillary first molar from other teeth [1].
In addition, it has been considered as a representative trait in anthropological and
forensic studies for identifying different racial populations [1, 3]. High prevalence
of Carabelli trait was reported in North West Europe origin Americans [4] whereas
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Eskimo of unmixed descent had no Carabelli trait at all [5]. Russians [6], Brazilians
[7], Malaysians [8] and Saudis [9] show moderate Carabelli trait prevalence.

1.2 Root morphology

Among the maxillary teeth, the permanent first molar has the strongest anchor-
age in the maxillary arch due to their well-developed widely separated roots [1].
Typically, this tooth has three roots, the mesiobuccal, distobuccal, and palatal [10].
These roots diverge in a manner parallel to the direction of the maximum force
that could be applied diagonally against the crown in a buccolingual direction
[1]. The palatal root is conical and smoothly rounded in shape. The mesiobuccal
root is broader buccolingually with subsequent increased resistance to rotational
forces. The distobuccal root is the smallest one with smooth rounded cross sec-
tion. Normally, the palatal root is the longest one, and the other two roots have
approximately similar lengths [1]. It has been reported that the average lengths of
the mesiobuccal, distobuccal and palatal roots are 12.9 mm (8.5-18.8 mm); 12.2 mm
(8.9-15.5 mm) and 13.7 mm (10.6-17.5 mm) respectively [11]. Generally, the average
length of roots is approximately twice that of the crown [1].

Although anatomical variations have been reported in the literature however,
the development of these teeth barely deviates from the typical morphology [1].
Several studies conducted in different populations (Korean, Thai, Chinese, polish,
Russian, Burmese, and Kuwait populations) have reported that all or nearly all
maxillary first molars presented with three separated roots [12-18]. It has also been
reported that the prevalence of maxillary firs molars with two roots, four roots and
single root are very low, (1.8%), (0.3%) and (0.2%) respectively [11]. However,
Alrahabi and Sohail Zafar [19] used the CBCT technique to study the morphology
of maxillary molars in a Saudi population and reported 94% of teeth with three
separated roots, while the reminder 6% have four separated roots.

1.3 Root trunk and furcations

Normally, roots of the molars develop as one common root at the crown base
before dividing into three roots (for the maxillary molars) or two roots (for the
mandibular molars). This common root base is known as root trunk [1]. It extends
from the cervical line to the entrance of the furcation [20]. In maxillary molars,
the root trunk divides into three widely separated roots with three furcations, one
buccally and two proximally. The access to these furcations is usually located in the
coronal thirds of the roots. The buccal furcation entrance is approximately located
at the center mesiodistally, while the entrances of the mesiopalatine and distopala-
tine furcations are slightly palatal to the center buccopalataly [21].

From a periodontal perspective, furcations of the maxillary first molars are more
commonly involved than those of the mandibular first molars [22]. Additionally, the
buccal furcations of the maxillary first molars are the most frequently affected, fol-
lowed by the mesiopalatal and distopalatal furcations [23]. However, fortunately, the
buccal furcation is the most accessible one for both patients and clinicians. The access
to the periodontal lesion in proximal furcations represents a challenge for maintain-
ing good oral hygiene and performing an optimal periodontal treatment [21].

It is generally accepted that root trunk length play an important role in the
susceptibility of maxillary molars to periodontal disease [24]. Several studies evalu-
ated the length of the root trunks in maxillary first molars [20, 25-30]. There was a
general agreement in the majority of these studies that the mean trunk length in the
buccal aspect is shorter than those in the mesial and distal ones [20, 25, 27, 29].
However, the mean length of the mesial and distal root trunks varies among
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different studies. Some authors found that the mean mesial root trunk is greater
than the distal one [20, 27] whereas others reported that the distal root trunk was
the longest one [28, 30]. Moreover, equal length of the mesial and distal root trunks
has also been reported [26]. Although teeth with short root trunk are more suscep-
tible for periodontal lesion on the furcation, however these teeth have a favorable
prognosis after periodontal therapy since less attachment loss has occurred [31].

In maxillary first molars, a deep groove is frequently found on the buccal aspect
of the root trunk which extends from the furcation to end as a shallow concavity at
the cemento-enamel junction (CEJ) [1]. Jackson Lu [32] founded that about 94% of
the evaluated furcations have a developmental depression of different depth on the
root trunks of molars. These concavities may complicate the coronal adaptation of
the membrane along the trunk surface during the guided tissue regeneration proce-
dure. Furthermore, Kerns et al. [26] reported that the mean distances from the CE]J
to these developmental grooves ranged between 1.35 mm and 1.65 in the maxillary
first molars. Therefore, they stated that guided tissue regenerative therapy for
short trunk molars could be compromised particularly if developmental root trunk
grooves are present.

1.4 Root fusion

Root fusion is thought to be caused either by cementum deposition over time
or due to inability of Hertwig epithelial sheath to form or fuse at the furcation area
[33]. This is based on the fact that the three roots are initially developed as a single
root projecting from the crown base then divided into three roots by the growth
and fusion of the Hertwig root sheath. Frequently, root fusion in the mandibular
molars takes the form of a C-shaped root, while maxillary molars may show differ-
ent fusion patterns, such as partial or complete fusion of two or more roots [34].
According to Zhang et al. [34], there are six different patterns of root fusion in
maxillary molars including Type 1 (MBR fused with DBR), Type 2 (MBR fused
with PR), Type 3 (DBR fused with PR), Type 4 (MBR fused with DBR, PR fused
MBR, or DBR), Type 5 (PR fused with MBR and DBR) and Type 6 (PR, MBR, and
DBR fused to a cone-shaped root).

Generally, root fusion is less prevalent in maxillary first molars. The propor-
tion of fused roots in maxillary second molars is about four folds greater than
that in maxillary first molars [35]. Concluded from several cone beam computed
tomographic studies, the averages of different types of root fusion in maxillary first
molars are Types I (1.13%), type III (1.1%), type II (0.23%), type IV (0.2%), type V
(0.2%) and type VI (0.1%) [11].

Although it is a rare variation, several studies have reported different propor-
tions of root fusion in the maxillary first molars in different populations [10, 12,
36, 37]. Using cone-beam computed tomography (CBCT), Kim et al. [12] identified
0.73% of the first molars in a Korean population show fused roots. Neelakantan
et al. [36] reported that root fusion present in 2.2% of the first maxillary molars in
an Indian population. By using clearing techniques, Rwenyonyi et al. [37] found
fused roots in 4.1% of the same teeth in Uganda. However, Al Shalabi et al. [38]
reported that 11% of the maxillary first molars teeth of Irish population have
fused roots. These variations could be in part due to that there has been no widely
accepted definition of the fused root [12, 34]. Some authors have considered roots
as fused if fusion extended along the entire root length. Others have categorized
teeth in the fused group if one third or less of the roots were fused and subsequently
ended up with higher prevalence. Therefore, the defining criteria of fused roots
have to be clarified in to justify whether these differences in prevalence were true
variations [12].
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Root fusion has a strong clinical impact in periodontics and oral surgery and
to a less extent in endodontics [35]. However, taking in consideration that a high
proportion of fused roots also have their main root canals merging, it is obvious
that root fusion represent challenges not only to root canal preparation but also to
endodontic microsurgery [11, 35]. For example, merging canals can create angles
which increase the stress on endodontic instruments. Moreover, roots with multiple
canals show more isthmi and more complicated apical anatomy which may nega-
tively influence the approach of the endodontic microsurgery [35].

1.5 Direction of apical root curvature

Knowledge of the apical root curvature is also an important factor that should
be assessed properly before root canal treatment as well as prior to tooth extraction.
Such knowledge enables the clinicians to perform a safe and efficient dental treat-
ment through the selection of suitable instruments and approaches. According to
Versiani et al. [11], the direction of the apical curvature for the three roots of the
maxillary first molar has been reported. 78% of the mesiobuccal roots had distal
apical curvature while 21% were straight and the remaining 1% showed s-shaped
root. Although majority of the distobuccal roots were straight (54%), mesial
curved, distal curved and s-shaped distobuccal roots have also been reported (19, 17
and 10% respectively). The palatal root showed buccal apical curvature in 55% of
teeth while it was straight in 40.7%. In 3.2 and 1.1% of teeth, the palatal root showed
mesial and distal curvature respectively. It is worth mentioning that root curvatures
in the buccolingual direction are frequently underestimated and undiscovered
clinically through the conventional projections of the two-dimensional intra-oral
radiography. Therefore, different angled projections are necessary to identify the
presence and direction of root curvature.

2. Internal anatomy

In 1907, Fischer [39] showed, for the first time, the anatomical complexity of
the apical root canal by injecting the teeth with a collodion solution. Due to this
unpredictability and complexity of the canal morphology, he came up with the
widely used description “root canal System”. Therefore, the thought of a single
uniform root canal with a single centered apical foramen is a misconception [40].
Generally, pulp cavity consists of the pulp chamber that is situated within the
anatomical crown and the root canal system that is located inside the anatomical
root [41]. Other anatomical features of the pulp space include pulp horns, canal
orifices, furcation, lateral and accessory canals, inter-canal anastomosis, and apical
foramina [41].

2.1 Pulp chamber morphology

Generally, the shape of the pulp chamber follows the shape of the tooth crown.
Therefore, the pulp chamber of maxillary first molar is rather rectangular from the
mesial aspect and squared from the buccal aspect of the tooth [1]. Theses shapes are
usually constricted at the floor of the pulp chamber [21]. This tooth has a relatively
large pulp chamber with four prominent projections (horns) under the well-
developed four cusps [1]. However, the size of the pulp chamber is reduced with age
either physiologically by the continued formation of secondary dentine or patho-
logically through the formation of reparative or tertiary dentine as a consequent
of pulp irritation or dental trauma [42]. Moreover, the formation of the secondary
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dentin is not uniformly distributed. Greater amount of secondary dentine produc-
tion takes place at the roof and floor of the pulp chamber when compared with the
other walls [43]. Therefore, a flattened, disc-like pulp chamber is frequently seen
in old aged patients which may complicate the access cavity preparation and canals
identification during root canal treatment [41]. In such situation, the pulp chamber
roof is very close to the floor which decreases the clinician’ tactile perception and
may result in perforation during access cavity preparation [44, 45].

It is clear that knowledge of the average dimensions and general location of
the pulp chamber in molars may decrease the occurrence of chamber perforations
during the access preparation. Unfortunately, few studies have been conducted to
correlate external anatomical landmarks with the floor and roof of the chamber
[46]. Sterrett et al. [47] measured the distance from the pulp chamber floor to the
furcation of the maxillary and mandibular molars. They found that this distance
range from 2.7 to 3 mm in maxillary and mandibular molars. In their study, Majzoub
and Kon [48] reported that the average distance from the chamber floor to the furca-
tion was not more than 3 mm in 86% of the measured maxillary molars. Several
distances from multiple anatomical landmarks have been measured in the maxillary
molars by Deutsch and Musikant [46]. The mean distance from the chamber floor to
the furcation was 3.05 mm, from the chamber roof to furcation was 4.91 mm,
from the tip of the buccal cusp to the furcation was 11.15 mm, from the buccal cusp
tip to the chamber floor was 8.08 mm and from the buccal cusp tip to the chamber
roof was 6.24 mm. They also found that the roof pulp chamber was located at the
same level of the cementoenamel junction (CEJ) in 98% of the maxillary molars.
Townsend et al. [49] conducted similar study on the maxillary first molars of an
Indian population and found comparable results as follows: the distance from cham-
ber floor to the furcation = 2.7 + 0.63; distance from the chamber roof to the furca-
tion = 5.34 + 0.9; distance from the palatal cusp tip to the furcation = 11.58 + 1.01;
distance from the tip of the palatal cusp to the chamber floor = 8.86 + 0.68; distance
from the tip of the palatal cusp to the chamber roof = 6.2 + 0.66. Similarly, the roof
of the pulp chamber was found at the level of the CE]J in 96% of the measured teeth.

2.2 Canal orifices locations

The canal orifices of the maxillary first molars form a triangular shape in the
floor of the pulp chamber; the base of the triangle connects the mesiobuccal and
the palatal canals while the orifice of the distobuccal canal represents the apex of
the triangle. The orifice of the palatal canal is located at the center lingually. The
orifice of the mesiobuccal canal is located at the acute corner of the pulp chamber
while the distobuccal canal is located somewhat distal and palatal to the mesiobuc-
cal canal, close to the obtuse corner of the pulp chamber. If it is present, the second
mesiobuccal canal (MB2) will be positioned palatal to the mesiobuccal canal and at
or slightly mesial to the imaginary line connecting the mesiobuccal and the palatal
canals [1].

This knowledge has a direct clinical influence on the form and extent of the
endodontic access cavity. Conventionally, a triangular shaped access cavity was
prepared during root canal treatment of these teeth. However, this seems to be
inconsistent with the fact that maxillary first molars frequently have an extra-canal
(MB2) in the mesiobuccal root which is difficult to locate and prepare [50, 51].

The presence of MB2 has to be expected by the clinician until the clinical and
radiographic assessment show the opposite [50]. In order to locate the extra-canals,
it has been proposed that the outline form of the access cavity should be guided

by the morphology of the pulp chamber floor [52]. Therefore, several authors

have advised to re-assess the shape and design of the endodontic access cavity for
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maxillary molar teeth [53-55]. To locate MB2 in maxillary molars, the shape of the
access opening should be first modified from the conventional triangular outline to
the rhomboidal shape [56]. Besides the access cavity modification, different angled
radiographs, NaOCI bubble test, surgical loupe and operating microscope represent
other clinical facilities for locating extra-canals [51, 52].

2.3 Root canal morphology

Root canal is the radicular portion of the pulp space. It starts as a funnel shaped
orifice on the floor of the pulp chamber at or somewhat apical to cervical line, and
ends as one or multiple apical foramina at or lateral (0-3 mm) to the center of the
anatomical apex of the root [21, 57, 58].

The root canal morphology of the maxillary first molar is one of the most
complex root canal anatomies in human dentition [11]. Generally, the most frequent
pattern of the maxillary permanent first molar in the literature has three roots and
four canals with a high incidence of a second canal in the mesiobuccal root (MB2)
[10, 11]. This is consistent with the broad buccolingual dimension of the mesiobuc-
cal root and with the root depressions on its proximal surfaces [1].

The horizontal shape of the root canals varies along its length. From the canal
orifice to the midroot, the mesiobuccal canal is oval or flat oval in cross section and
then tapers to terminate as a round canal with very small diameter. Frequently, the
palatal canal and distobuccal canal are oval or round in shape and taper gradually to
the apex [1, 11].

2.3.1 Accessory and lateral canals

Any branch of the pulp cavity, other than the main canals, that communicates
with the periodontium is called an accessory canal. Additionally, any accessory
canal extending horizontally from the cervical or middle third of the main canal
is called a lateral canal [59]. These canals are thought to be formed during the
calcification due to the entrapment of blood vessels from the periodontium into the
Hertwig’s root sheath [60]. Studying root canal anatomy of the human permanent
teeth, Vertucci [57] reported that accessory canals were more commonly located
in the apical third of the root (73.5%), followed by the middle third (11.4%) and
the coronal third (6.3%). In the maxillary permanent first molars, he found that
accessory canals are more prevalent in the mesiobuccal and palatal roots (51% and
48% respectively) than those in the distobuccal root (36%). In multi-rooted teeth,
accessory canals can also be located in the trifurcation or bifurcation, and are called
furcation canals [61]. They are forms as a consequence of blood vessels entrapment
during the fusion of the root diaphragm [60]. The incidence of such canals in the
maxillary first molars is 18% [11, 57]. Accessory canals represent an additional
pathway for the transmission of irritants mainly from the pulp space to the peri-
odontium, resulting in primary endodontic lesions [41].

2.3.2 Isthmi

An isthmus is a thin transverse anastomosis that connects two roots canals [62].
It can be found in any root with multiple canals [41]. This intercanal connection
serves as a bacterial reservoir which is difficult to be cleaned mechanically even
with the most sophisticated engine driven endodontic instruments. It has been
reported that 52% of the mesiobuccal roots of the maxillary first molar show
transverse anastomosis (10% coronally, 75% at midroot and 15% apically) [11, 41].
Weller et al. [63] reported that most of the anastomosis in the mesiobuccal root of
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the maxillary first molars was found at 3-5 mm short of the apex. The presence of
such anastomosis may jeopardize the outcome of the surgical endodontic treatment
[64, 65]. Therefore, Cambruzzi and Marshall [62] emphasized that these anas-
tomosis should be cleaned, prepared and filled during endodontic surgery. They
also suggested the use of methylene blue stain to facilitate the identification of an
isthmus occurrence in the resected root surface.

2.3.3 Apical anatomy

In a large proportion of maxillary first molars, the apical foramina of the three
root canals are located lateral to the corresponding root tip (82% of the palatal
roots, 81% of the distobuccal roots and 76% of the mesiobuccal roots) [11]. On
average, majority of the MB2 canals (61.6%) merge with the mesiobuccal canals at
the midroot or apical region and share the same foramen while minority of them
(38.4%) end in a separated foramen [10].

The presence of more than one apical foramen is not uncommon. Morfis et al.
[66] used a scanning electron microscope to study the apical anatomy of 213 per-
manent teeth. They found that the presence of more than one apical foramen was
observed in all roots except for the distal root of mandibular molars and the palatal
root of the maxillary molars. They also reported that the mesiobuccal root of the
maxillary molars showed a high prevalence of multiple apical foramina (41.7%).

Marroquin et al. [67] studied the apical anatomy of the maxillary and mandibu-
lar molars in an Egyptian population using stereomicroscope. They found that most
of the roots (70%) have oval apical constrictions. The average of the narrow and
wide diameters of the apical constriction in maxillary molars was 0.18-0.25 mm in
the mesiobuccal and distobuccal root, and 0.22-0.29 mm in the palatal root. They
also found a high frequency (71%) of two main foramina in the mesiobuccal root of
the maxillary first molars. Additionally, the accessory foramina were found in about
33% of these roots.

Moreover, apical ramifications have been reported to be found in 32-86%
of maxillary first molar teeth [11]. All these anatomical irregularities show the
complex nature of the root canal system in maxillary first molars which invariably
complicates the root canal treatment procedures.

2.3.4 Root canal curvature

Preoperative recognition of the root canal curvature is of paramount impor-
tance during the root canal treatment. This is considered as an important factor in
determining the level of difficulty, and the probability of procedural errors during
root canal treatment [68]. This will invariably guide the clinician to select the most
appropriate technique and instruments to effectively prepare the root canal system.
Root canal curvature could be a gradual smooth curve of the whole canal or a sharp
bent in the apical part of the canal [41]. Versiani et al. [11] have reported the range
of curvature degree for each root canal of the maxillary first molars in the clinical
view (MB1 0-42°; MB2 23-49°; DB, 0-48°; P, 0-47°) as well as proximal views
(MB1, 0-54°; MB2, 0-36°; DB, 0-41°; P, 0-38°). Several methods [69-71] have been
proposed to assess the root canal curvature, by measuring the angle of the curvature
and/or the radius of the curvature. Radiographically, Schifer et al. [72] evaluated
the degree of curvature of more than 1160 root canals in all human teeth from the
clinical (0-75°) and proximal views (0-69°). They reported that the most severe
curvature was found in the clinical projection of the mesiobuccal root canals of
maxillary permanent molars and in the mesial root canals of the mandibular perma-
nent molars. According to Vertucci [41], almost all root canals in human are curved
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apically, especially in the buccolingual direction. Therefore, in order to recognize
the presence, severity, and direction of the root canal curvature, it is necessary to
evaluate the tooth radiographically from different angled projections.

2.4 Variations in the root canal anatomy
2.4.1 Variations in the occurrence of MB2 in maxillary first molars

The internal anatomy of the mesiobuccal root is the main focus of many morpho-
logical studies as the incidence of more than one canal is highly variable [41, 73]. In
addition to the variations due to the age [55, 74] and gender [74, 75], several studies
in various populations revealed that, the anatomy of root canal system has ethnic fea-
tures [13, 76-78]. Therefore, many researchers had studied the internal root anatomy
of the maxillary first molar, mesiobuccal root in particular, in different racial popula-
tions and subpopulations using different techniques [12-15, 19, 38, 52, 57, 78-82].

A wide range of ethnic variations has been inferred from several studies con-
ducted to evaluate the root and canal anatomy of mesiobuccal root of maxillary
first molar in various populations. For example, a high prevalence of the MB2 has
been reported in Japanese (88.2%) [52], Iranian (86.6%) [78], Ireland (78%) [38],
Australian (73.6%) [83], Caucasian (71%) [84] and Saudi (70.6%) [19] populations.
However, a lower prevalence has been reported in Korean (63.59%) [12], Thailand
(63.3%) [13], Russian (59.8%) [17], Polish (59.5%) [15], Greek (53.2%) [85] and
Pakistani (48%) [81] populations. According to two different studies, the lowest
reported incidence of MB2 was in Brazil (42.63%) [80] and (25%) [86]. As a result
of such ethnic variations, the evaluation of root canal anatomy for all populations
and ethnic groups is indispensable [36, 87].

Regarding the variation with age, many studies concluded that the prevalence
of MB2 decreases by aging, due to dentine apposition which subsequently results
in narrowing and obliteration of the canal [55, 88, 89]. For example, Razumova
et al. [17] evaluated the presence of MB2 canal in different age groups; young
(20-44 years), middle-aged (45-60 years) and elderly (>60 years). They observed
that the presence of MB2 was higher in young group with 48.8% than that in middle
with 33.2% and elderly group with 18%. Similar results were obtained in a study by
Zheng et al. [14] in which they observed a higher prevalence of MB2 among patients
between 20 and 30 years of age. However, these findings are in contrast with those
of Ratanajirasut et al. [13] and Katarzyna and Pawlicka [15] who did not find
correlation between age and the prevalence of MB2 in the maxillary first molars.
Unexpectedly, in a study conducted on a Chilean population, a higher occurrence
of the MB2 canal in the maxillary first and second molars in older patients was
observed [90]. These differences could be related to the sample size and the ana-
tomical variations among populations. However, MB2 could exist in any age group,
and the clinician should be aware of finding and treating it [17].

Few studies have reported gender differences in the morphology of the root
canal system [91]. Sert and Bayirli [75] studied the root canal morphology of 2800
extracted teeth (1400 teeth from each gender) from Turkish individuals by using
decalcification and clearing method. For each gender, they included 100 teeth of
each type of the permanent dentition, except the third molars, in their sample.
Even though only 100 teeth of each tooth type for each gender were evaluated, a
significant morphological difference has been noted between males and females.
Regarding the mesiobuccal root, type I Vertucci canal configuration was found in
only 3% of males compared to 10% of females. Therefore, they suggested that mor-
phological variations due to gender and ethnic background should be considered
during the preoperative evaluation for the root canal therapy. Similarly, Kim et al.
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[12] reported higher numbers of additional canals in males’ mesiobuccal root of
maxillary first molars. However, there are conflicting results with respect to gender
and the number of canals [55, 75, 89, 92].

In addition to the previously mentioned variation factors, differences in
reported results may also be influenced by the design of the study (clinical versus
laboratory) [93]. Some authors conducted studies to compare the results of in vivo
versus in vitro techniques. Seidberg et al. [94] found MB2 canal in 33.3% of 201 first
maxillary molars in their clinical in vivo study compared to 62% in their in vitro
sectioning evaluation of 100 of the same tooth type. These results were comparable
to another study conducted by Pomeranz and Fishelberg [95]. They reported
that MB2 canal was found in 31% of 100 teeth examined in vivo. This percentage
increased to 69% when the same number of teeth was evaluated in their in vitro
study. The more common use of SOM or loupes in recent clinical studies has resulted
in an increased prevalence of the clinical detection of the MB2 canal [73, 96].

The effect of magnification on the incidence of MB2 was assessed in a clinical study
by Buhrley et al. [96]. They reported that MB2 canal was located in 71.1% of the
maxillary first molars treated with the aid of surgical operating microscope (SOM).
When the dental loupe was used, this percentage was reduced to 62.5%. In the non-
magnification group, the percentage was decreased dramatically to only 17.2% of
the teeth. Sempira and Hartwell [73] concluded that the incidence of MB2 increased
significantly when the SOM is used during the root canal therapy.

In conclusion, the wide variation in the reported prevalence of MB2 canal is
significantly affected by the method of evaluation being used. As a result, any
attempt to compare MB2 prevalence of different populations should take in con-
sideration the similarity of the evaluation methods. For example, considering only
CBCT in vivo studies, MB2 prevalence vary from 86% in Iran [78] to 30.9% in
China [97], with in-between proportions in other countries such as Portugal (71%)
[84], Korea (63.6%) [12], and Brazil (44.4%) [80]. Another issue is that all these
studies were conducted by different research teams which can lead to variations in
the CBCT assessment among different observers. This in turn affects the validity of
any attempt of direct comparison.

To overcome these drawbacks, recent global in vivo study [98] has been con-
ducted to evaluate the prevalence of the MB2 canal in the maxillary first molars in 21
different geographic regions around the world using CBCT method. The special issue
in this study is that twenty-one observers from different countries have been uni-
formly pre-calibrated to reduce the inter-observers variability. They found that MB2
prevalence ranged widely from 48.0 to 97.6% among the studied countries, with a
global MB2 proportion of 73.8%. However, the authors also clarified some drawbacks
of their study. Bearing in mind the effect of age and gender on the MB2 prevalence,
it seems to be difficult to compare the different regions in this study due to the high
variations in their mean age and gender proportions. In addition, although serious
attempts were performed to pre-calibrate the observers, assessment differences may
still present due to the differences in personal experience and beliefs. They suggested
that these limitations can be overcome by gathering CBCT databases of patients hav-
ing the same age and enrolling both genders equally in the all different regions. Then,
all these databases have to be assessed by a single qualified observer [98].

2.4.2 Bilateral existence of MB2 in maxillary first molars
Several studies have investigated the simultaneous presence of MB2 root canal in
the contra-lateral maxillary first molars among different populations. High propor-

tions of bilateral occurrence of MB2 canal in maxillary first molars have been reported
in selected Korean [12], Malaysians [99], and Chinese [100] populations (82.9; 82.36;
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and 74% respectively). Clinically, previous knowledge about the presence of MB2 in
one maxillary first molar should make the clinician aware about the increased likeli-
hood of MB2 occurrence in the contra-lateral molar of the same patient.

2.4.3 Variations in the number of distobuccal and palatal root canals

According to Cleghorn et al. review [10], single canal (98.3%) with a single
apical foramen (98%) is the most frequent canal pattern in the distobuccal root.
In a similar manner, the majority of the palatal roots have a single canal and a
single foramen (99 and 98.8% respectively). Although anatomical variations for
these root canals have been reported, they are significantly rare. Several stud-
ies addressed this issue in different populations. Alrahabi and Sohail Zafar [19]
conducted a study on a Saudi population and found that the distobuccal and the
palatal root had one root canal in 100% of cases. In Razumova et al. [17] study on
a Russians population, the distobuccal root contained single canal in most of cases
and two canals in 0.5%. Similar results were obtained by Ratanajirasut et al. [13]
(Thai population), Zheng et al. [14] (Chinese), Neelakantan et al. [36] (Indians),
and Kim et al. [12] (Koreans), in which second distobuccal was found in 1, 1.2, 2.2,
and 1.25% of cases, respectively.

2.5 Anatomical anomalies

Generally, the most frequent pattern of the maxillary permanent first molar
in the literature has three roots and four canals with a high incidence of a second
canal in the mesiobuccal root (MB2), [10, 11]. Although anatomical anomalies
have been reported in the literature however, they are barely mentioned in studies
[10]. Maxillary first molar with four roots [101], five roots [101], two roots [102],
single conical root [103, 104] and single O-shaped root [105] have been reported.
Additionally, it has been inferred from several CBCT studies that the incidence of
C-shaped root canals in maxillary first molars ranges from 0.3% to 1.1% with an
average equal to 0.83% [11]. Other anatomical anomalies such as maxillary first
molars with One canal [103], five canals [106], six canals [107], seven canals [108],
eight canals [109], and hypertaurodontism [110] are extremely rare and have been
documented as case reports.

Enamel pearls and trunk developmental grooves are most prevalent in the
maxillary molars [1]. These anatomical anomalies are considered as local cofactors
that increase the risk of periodontal disease development [111].

3. Clinical remarks

Maxillary first molars present the greatest clinical challenge for endodontic
treatment. This is because the complexity of the root canal system surpasses that
of all other teeth within the human dentition [11]. It is generally accepted that the
mesiobuccal root of these teeth has a second canal in majority of cases. Although
this canal is usually difficult to be negotiated, it must be expected to be there until
clinical and radiographic examinations prove its absence [50]. Clinically, the loca-
tion of this canal varies to a large extent, but it is frequently positioned mesial to
or along the imaginary line connecting the mesiobuccal and palatal canals, within
average area of 2 mm mesially and 3.5 mm palatally from the orifice of the MB1
canal [112]. Radiographically, it is mandatory to take and carefully evaluate two or
more different angled radiographs which would provide much required information
about the morphology of the root canal system [41, 113].
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According to Gorduysus et al. [112], 16% of MB2 canals cannot be negotiated
down beyond the orifice. This could be due to several reasons such as the presence
of a dentine ledge which covers the orifice, its mesiobuccal inclined entrance on the
chamber floor, its route coronally which frequently shows single or multiple sharp
curves and its tendency to be more calcified especially in old aged individuals [11, 41].
Therefore, Vertucci [41] suggested that countersinking or troughing of the devel-
opmental groove, which is located palatal to the MB1 canal, by using ultrasonic tips
would eliminate most of these obstacles. During this procedure, the groove should
be deepened apically (0.5-3 mm) and widened mesially. This may require a slight
modification in the access outline to extend more mesially. Due to the presence of
a concavity on the distal surface of this root, troughing should be prepared with
cautions to avoid perforation into the furcation.

Despite their frequency of occurrence, high variations in the number of canals
for maxillary first molars have been reported in the literature. Accordingly, the
mesiobuccal and the palatal roots may have one, two, or three canals, whereas
the distobuccal root may contain one or two canals [11]. In order to locate these
additional canals properly, several diagnostic aids should be taken in consideration.
These include examination of the chamber floor by using a sharp endodontic
explorer, using methylene blue to stain the orifices, visual inspection of the bleed-
ing points, performing the ‘champagne bubble’ test using sodium hypochlorite and
magnification of the pulp floor using dental loupe or surgical operating microscope
[41, 51, 52]. Surgical operating microscope (SOM) significantly enhances the
visibility and lightening of minute details. Using SOM, clinician is able to remove
obstacles and calcifications selectively in a precise manner that would minimize the
procedural errors [41].

Although the palatal root usually has a large and easily accessible canal on the
pulpal floor, it requires skillful cleaning and shaping procedure. This root canal
often curves buccally in its apical part. Since it is difficult to be recognized with the
two dimensional intra-oral radiograph, this may results in under-estimation of the
working length with subsequent short preparation and obturation of this canal [21].
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Chapter 7

External and Internal Root Canal
Anatomy of the First and Second
Permanent Maxillary Molars

Said Dhaimy, Lamyae Bedida, Hafsa El Merini
and Imane Benkiran

Abstract

A successful endodontic treatment depends on a comprehensive knowledge of
the morphology of canal and its variations, an appropriate access cavity, cleaning
and shaping, and adequate root canal filling. Lack of knowledge in this regard and
missing a root canal are among the most common causes of failure of root canal
treatments. Most previous studies on maxillary molars have reported that they
usually have three roots and four canals since an extra canal is often found in the
mesiobuccal root. Other anatomical variations, such as an extra C-shaped canal,
have also been reported in distobuccal and palatal roots. Thus, because of having a
more complex anatomy compared to other teeth, maxillary molars have the highest
rate of endodontic failure. Several studies have assessed the morphology of root
canal anatomy in different populations using different techniques such as section-
ing, root canal clearing, association of a dental operating microscope and ultrasonic
tips, periapical radiography, and computed tomography scanning. Recently, CBCT
was suggested to three-dimensionally explore the root canal details before an end-
odontic treatment. The purpose of this chapter was to highlight the importance of
having a thorough knowledge about the root canal morphology of the permanent
first and second maxillary molar.

Keywords: permanent maxillary first molars, permanent maxillary second molars,
root canal complex, internal morphology, anatomic variation

1. Introduction

The root canal configuration is complex and has many variations depending on
the group of teeth. Understanding and mastering this internal anatomy is essential
for the planning and executing endodontic therapies [1].

In order to explore root canal anatomy for better understanding, several
benchmarks were chosen in combination with appropriate information from the
literature, encompassing: general description of teeth, overall length and root’s
length, chronology of root formation [2-8], the degree of canals curvature [9-11],
the number of roots [12], root’s curvature and fusion [13], number and
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configuration of canals [12], diameter of the canal at 1, 2, and 5 mm from the
apex [1, 14], apical foramen position, accessory canals, and lateral and apical
ramifications [12].

The divergence of results reported in several studies may be due to the type of
the study (clinical/laboratory study); however, different methods have been used in
these studies.

Studies done in the laboratory to describe the internal anatomy include various
types of methods:

* Decalcification with injection of India’s ink [12, 15, 16]
* Injection of sodium fluorescein and microscopy [17]
* In vitro radio-opaque gel infusion and radiography [18]

* In vitro endodontic with radiography and instruments [19] or only with
instruments [20]

* In vitro macroscopic examination [13]

* Cone beam computed tomography (CBCT) [21-25, 26]
* Micro-computed tomography [10, 26-29]

* Sectioning and microscopy [11, 14, 18]

While clinical methods include:

¢ Clinical evaluation during endodontic treatment using enlargement or
operating microscope [30]

* In vivo treatment of the root canal and radiography [31]

2. The method of internal anatomy analysis
2.1 Conventional radiography

The retro-alveolar image shows the totality of each X-rayed tooth up to the apex,
and provides information on canal anatomy as well as on the integrity of the
periodontium [32].

Some studies combined the radiographic technique and radio-opaque sodium
iothalamate gel infused in the root canal system [18]. In another use of radiography,
Kulild and Peters [19] assessed the internal anatomy of 83 maxillary molars by
taking radiography of instruments into the canals (Figure 1(a)).

In a retrospective study of 520 completed endodontic treatments of maxillary
second molar, radiographs reviewed were useful to detect the anatomical root and
canal variations [31].

Unfortunately, the maxillary molar area is often a difficult area to obtain a good
radiographic quality because of the superimposition of the maxillary process of the
zygomatic bone [34].
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(b)

Figure 1.

Methods of study of internal anatomy. (a) Conventional radiography with instruments showing a maxillary
first molar with five roots [33]. (b) Cross section, from a CBCT imaging, representing the second mesiobuccal
canal of a maxillary first molar [26]. (c) The 3D root canal system of each maxillary first molar was
reconstructed with Micro-CT and mathematical modeling [10]. (d) Diaphanization technique showing the
complexity of the internal morphology of a maxillary molar [15].

2.2 Cone beam computed tomography (CBCT)

Several studies compared the use of cone beam computed tomography (CBCT)
imaging to study root and canal anatomy with some laboratory methods such as
histological sectioning and clearing technique and, more recently with the gold stan-
dard nondestructive high-resolution micro-computed tomography (Micro-CT) [26].

In order to identify the root canal system, CBCT was used next to charged
coupled device (CCD) and photostimulable phosphor (PSP) [22]. For CCD and
PSP, the endodontist evaluators correctly identified the number of root canal sys-
tems 78 and 80% of the time, respectively, when compared with CBCT 100%.

Numerous in vivo studies used CBCT to highlight the second mesiobuccal canal,
with prevalence of 42.63 [21] and 70.5% [25] for the first maxillary molar, and
between 34.32 [21] and 41.6% [25] for the second maxillary molar (Figure 1(b)).
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2.3 Micro-computed tomography (Micro-CT)

X-ray micro-computed tomography has also been denominated as micro-
computed tomography, microcomputer tomography, high-resolution X-ray tomog-
raphy, X-ray microtomography, Micro-CT, and similar terminologies. Nowadays,
despite the impossibility of employing micro-CT for in vivo human imaging, it has
been considered the most important and accurate research tool for the study of fine
details of root canal anatomy [26].

In Markvart et al.’s [28] article, he investigated the Micro-CT and segmentation
precision of the surface models of molars for the detection of small volumes, such as
the reduced pulp cavity, formation of mineral deposits, detection of narrow root
canals, and to improve the clinical and morphological understanding of the number
of root canals and their configuration. Other study was done by Peters et al. [29] on
12 maxillary molars; Micro-CT was used to detailing root canal geometry.

Bjorndal et al. [35] correlated the shape of the root canals to the corresponding
root surface of five maxillary molars. While in 2006, Lee et al. [10] measured the
three-dimensional (3D) canal curvature in maxillary first molars using Micro-CT
and mathematical modeling (Figure 1(c)).

2.4 Diaphanization

Diaphanization is a histological term that refers to the whole body, organ, or
structure transparency [15].

Dental diaphanization has been frequently used to observe several anatomical
features of the root canal system, including the presence and the type of root canal,
number of roots, fusion, lateral canals, transverse anastomoses, position of apical
foramen, and apical deltas [12], additional canals such as MB2 in mesiobuccal roots
of maxillary molars [16] (Figure 1(d)).

To prove the effectiveness of diaphanization technique in the identification of
root canal morphology, many authors compared between diaphanization and other
techniques. Baratto Filho et al. [36] showed that the incidence of 4 roots in 140
maxillary first molars was high in vivo assessment (67.14%).

3. Permanent maxillary first molar
3.1 The anatomical particularities of the maxillary first molar
3.1.1 General

The maxillary first molars are the first permanent molars to erupt and some-
times referred to as 6-year molar; they erupt distal to the deciduous dentition and
they are considered succedaneous, as they do not replace any deciduous teeth; they
contact the maxillary second premolar on the mesial and the maxillary second molar
on the distal, the maxillary first molars occlude with the mandibular first and
second molars; and they are considered the cornerstones in the development of
occlusion because of their eruption pattern and location in the arch [37].

Numbering system Right Left
Universal 3 14
Palmer 6l l6
International 16 26
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3.1.2 Development
* Initial calcification: at birth
* Enamel completed: 3-4 years
* Eruption is between: 6-7 years

* Root completed: 9-10 years

3.1.3 Dimensions

See Table 1.

3.1.3.1 Crown dimensions

The mesiodistal crown dimension is greater than the cervico-occlusal crown
dimension [2, 5, 6]; the average difference is as great as 3.3 mm and as small as
2.5mm [2, 5] (Figure 2(a)).

The buccolingual crown dimension is greater than the cervico-occlusal crown

dimension [2, 5, 6], the average difference is as great as 4.1 mm and as small as
3 mm [6] (Figure 2(b)).

Overall length 22.0 mm
Crown length 8 mm
Crown width 10.8 mm
Crown buccolingual 11.6 mm
Root length 12.7 mm (DB)

12.9 mm (MB)

14.0 mm (P)
Table 1.

Average dimensions (mm) of the maxillary first molar [37].

| . J | J
-t \f"*'\\ b -
——

fa) (b} ()
Figure 2.

The crown dimensions (reprinted from 3D tooth atlas version 9) [37]. (a) Crown buccal dimension, (b) crown
mesial dimension, and (c) crown occlusal dimension.
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Figure 3.
Roots dimensions (reprinted from 3D tooth atlas version 9) [37]. (a) Root length and (b) mesial root
dimension.

The buccolingual crown dimension is greater than the mesiodistal dimension
[2, 5, 6]. Diamond [6] indicates that the two dimensions are the same. The inequity
of the two measurements appears slight from an occlusal view [2] (Figure 2(c)).

3.1.3.2 Roots dimensions

The three roots are nearly the same length (within 1.5 mm), but the palatal root
is the largest [3]: the mesiobuccal root is slightly longer than the distobuccal root
[3]; the two buccal roots are approximately the same length [2]; and the distobuccal
root is the shortest root [3] (Figure 3(a)).

The buccolingual dimension of the mesiobuccal root at its base equals two-third
of the buccolingual dimension of the root trunk [3] (Figure 3(b)).

3.2 External root canal anatomy of maxillary first molars
3.2.1 Number of roots

The maxillary first molar root anatomy is predominantly a three-rooted form, as
shown in these anatomic studies [12, 13, 18] of this tooth (Figure 4(a)).

The single root or conical form of root anatomy in the first maxillary molar is
very rarely reported [12, 13] (Figure 4b).

The two-rooted form is rarely reported, and may be due to fusion of the
distobuccal root to palatal root (5%) [13], fusion of the mesiobuccal root and the
palatal root (0%) [13], or fusion of the distobuccal root to the mesiobuccal root
(6%) [12] (Figure 4(c)).

Over 95% of maxillary first molars had three roots and 3.8% had two roots in
four studies that included 416 teeth, according to a literature review [40].

The four-rooted anatomy in its various forms is also very rare in the maxillary
first molar and is more likely to occur in the second or third maxillary molars
(Figure 4(d)).

Review data from two studies that included 2480 teeth show that the maxillary
first molars had an incidence of C-shaped canals of 0.12% indicating that this type
of anomaly is a rare occurrence in the maxillary first molar [40].
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(c) (d)

Figure 4.

Variation of root number in maxillary first molayr. (a) Buccal view of maxillary vight fivst molar (veprinted
from 3D tooth atlas version 9) [37]. (b) First maxillary molar with single root [38]. (c) Fusion of mesiobuccal
and distobuccal roots [38]. (d) Maxillary right molar with bifurcated with double palatal root [39].

3.2.2 Shape of roots
3.2.2.1 Buccal aspect

The roots are described as all being roughly ovoid in cross-sectional form at the
mid-root area [4] (Figure 5(a)).

The buccal furcation is often near the junction of the cervical and middle thirds
of the root [3]; the buccal bifurcation is located about 4 mm apical to the cervical
line [2] (Figure 5(b)).

(a) (b)

Figure 5.
Buccal aspect of maxillary first molar roots (veprinted from 3D tooth atlas version 9) [37]. (a) Cross-sectional
root form and (b) buccal bifurcation.
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3.2.2.2 Mesial aspect

The mesial bifurcation is located closer to the cervical line than the buccal
bifurcation [2]. There is a smooth concavity extending occlusally and lingually from
the furcation almost to the cervical line [2] (Figure 6(a)).

The lingual root is the largest; it diverges boldly to the lingual [7], and it is bent
like a banana [2, 3]. Figure 6(b, c).

3.2.2.3 Distal aspect

The distal bifurcation is located 5 mm or more apical to the cervical line, thereby
being the most apically located furcation [2] (Figure 7(a)).

The buccal surface of the distobuccal root is not located as far buccally as the
mesiobuccal root; the distal surface on the distobuccal root has no longitudinal
depressions [3].

Figure 6.
Mesial aspect of maxillary first molar roots (reprinted from 3D tooth atlas version 9) [37]. (a) Mesial
furcation, (b) lingual outline form, and (c) palatal root form.

(a)

Figure 7.
Distal aspect of maxillary first molar roots (veprinted from 3D tooth atlas version 9) [37]. (a) Distal
bifurcation and (b) distobuccal root.
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Figure 8.
Palatal aspect of maxillary first molar voots (veprinted from 3D tooth atlas version 9) [37]. (a) Palatal root
length and (b) buccal roots visibility.

The distobuccal root is the smallest, shortest, and weakest root and it is a little
larger buccolingually than the mesiodistally [4] (Figure 7(b)).

3.2.2.4 Lingual aspect

The lingual root of the maxillary first molar has an average length of
13-13.7 mm, depending on the authors [2, 3] (Figure 8(a)). It is the third longest
root in the maxilla after the canine and the second premolar [3].

The lingual root is the longest, largest, and strongest of the three first molar
roots [4].

The lingual root is conical and has a bluntly rounded apex [2]. The buccal
roots are visible from a lingual view due to their wide mesiodistal spread [3]

(Figure 8(b)).

3.3 Internal root canal anatomy of maxillary first molars
3.3.1 Pulp chamber and canal entries
3.3.1.1 Morphology of pulp chamber

The bulk of the pulp chamber is contained within the root trunk, with only the
pulp horns extending more coronally. Similar to the outer tooth contour, the pulp
chamber is broader buccolingually than mesiodistally. The pulp chamber might
undergo calcific metamorphosis, which will reduce its volume considerably [37].

A total of 134 maxillary first molars were studied by Acosta Vigouroux and
Trugeda Bosaans [20]; the floor of the pulp chamber was found exactly in the center
of the tooth; the most frequent shapes corresponded to trapezoids, rectangles, and
inverted trapezoids [20] (Figure 9).

The transverse cross-sectional shape of the pulp chamber was trapezoidal in 94
teeth (81.0%); triangular-shaped pulp chambers were found in 13 teeth (11.2%).
The shape of the pulp chamber was elliptical in 9 teeth (7.8%) as claimed by
Thomas et al. [18].
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3.3.1.2 Description and location of canal entries

As stated in Acosta Vigouroux and Trugeda Bosaans’study [20], the largest
funnel-shaped entry was that of the lingual canal, which was circular in 45.70% of
the cases, and elliptical in 54.30%. The opening to the distobuccal canal was ellipti-
cal with a larger buccolingual diameter in 95% of the cases and circular in 5%, the
mesiobuccal canal opens at a narrow groove leaning slightly toward the distal aspect
and noticeably toward the lingual, which has its origin in the mesiobuccal angle of
the floor of the pulp chamber [20].

The average horizontal distance between the MB1 and the MB2 is 1.21 + 0.5 mm
according to Spagnuolo et al. [27], and 1.55 & 0.56 mm according to Peeters et al.
[42] (Figure 10).

Spagnuolo et al. [27] also depict a vertical distance between MB1 and MB2 of
1.68 + 0.83 mm.

The access cavity has a rhomboid shape, due to the presence of four canals with
the corners corresponding to the four orifices, as described in “Cohen’s Pathways of
the Pulp” [41]; the access cavity should not extend into the mesial marginal ridge.
From the distal side, the preparation can invade the mesial portion of the oblique
ridge; the buccal wall should be parallel to a line connecting the mesiobuccal and
distobuccal orifices (Figure 11).

In a recent study done by Rover et al. [43] on 30 maxillary first molars, they
assess the influence of contracted endodontic cavities (CECs) on root canal detec-
tion. The traditional endodontic cavities (TECs) were used as a reference for com-
parison. The results show that it was possible to locate more root canals in the TEC
group in stages 1 and 2 than the CEC group.

(a) (L]

Figure 9.
The morphology of pulp chamber. (a/b) trapezoid form of the pulp chamber (reprinted from 3D tooth atlas
version 9) [37]. (¢) pulp chamber shape of maxillary first molar with three canals [41].

(a) (b)

Figure 10.
The two locations of the second mesiobuccal (MB-2) canal ovifices in a maxillary first molar : (a) first location,
(b) second location [41].

98



External and Internal Root Canal Anatomy of the First and Second Permanent Maxillary Molars
DOI: http://dx.doi.org/10.5772/intechopen.85746

3.3.2 Morphology of the canals
3.3.2.1 Mesiobuccal canal

According to a book chapter “Ingle’s Endodontics” [39], a meta-analysis has
done by Cleghorn and Goodacre contained the most data of the mesiobuccal canal
morphology, a total of 8515 teeth from 37 studies (Figure 12(a)).

The incidence of two canals in the mesiobuccal root was 57.1%, and of one canal
was 42.9% in a weighted average of all reported studies. The incidence of two canals
in the mesiobuccal root was higher in laboratory studies (61.1%) compared to
clinical studies (54.7%).

The mesiobuccal canal has a similar volume (2.76 mm?>), and considerably larger
surface area (up to 24 square mm”) compared to the distobuccal one; canal lengths
are similar and can reach up to 24 mm [29] (Figure 12(b)).

On 100 maxillary first molar studied by Karaman et al. [11]; the degree of
primary curvature in type II, MB (25.63 & 7.43°) and ML (34.74 & 8.99°), and in
type III, MB (27.33 £ 9.70°) and (ML 36.98 + 9.41°) in clinical view was not
significantly different.

As Vertucci claimed that the median canal diameter at 1, 2, and 5 mm from the
apex for MB1 was 0.19, 0.37, 0.46 mm, respectively, buccally and lingually, and

(b)

Figure 11.
The shape of the access cavity of maxillary first molars from different views [41]. (a) Buccal view, (b) occlusal
view, and (c) mesial view.

(a) (b)

Figure 12.

Three-dimensional configuration of internal anatomy of maxillary first molar. (a) Mesiobuccal canal
(reprinted from 3D tooth atlas version 9) [37]. (b) Micro-CT data showing the detailed anatomy of root canal
system [29].
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0.13, 0.27, 0.32 mm mesially and distally; for MB2, the median canal diameter was:
0.19, 0.31, 0.38 mm, respectively, buccally and lingually, 0.16, 0.16, 0.16 mm
mesially and distally [1].

3.3.2.2 Distobuccal canal

According to “Ingle’s Endodontics” meta-analysis [39]: 15 studies consisting of
2606 teeth, results show that the distobuccal root had only one canal in 98.3% of
teeth studied, two canals were found in 1.7% (Figure 13).

It is the smallest of the canals present in terms of volume, length, and surface
area with around 2.25 mm?, 24 mm, and 18.75 mm?, respectively [29].

The distobuccal canal has a clear curvature of 0.29 + 0.13 mm ™ *. However, it is
generally less curve that the mesiobuccal root canals [29].

The median canal diameter at 1, 2, and 5 mm from the apex for the distobuccal
canal was: 0.22, 0.33, and 0.49 mm, respectively, buccally and lingually, and 0.17,
0.25, 0.31 mm mesially and distally [1].

3.3.2.3 Palatal canal

In a literature review [40] already mentioned included 14 in vivo and in vitro
studies based on 2576 maxillary first molars; 99.0% and 98.8% of the palatal roots
contained one canal and a single foramen respectively, while the remaining of 1.0%
contained 2 canals (Figure 14).

Clinical cases reporting the existence of two canals within a palatal root are not
uncommon [44], or two distinct palatal roots [45].

The palatal canal is the largest of the root canals present in maxillary molars,
with regards to both length and volume; canal length may be up to 25 mm or more,
the volume varies 6.96 + 1.81 mm?>, and area up to 30.43 mm? [29].

The median canal diameter at 1, 2, and 5 mm from the apex for the palatal canal
was: 0.29, 0.40, and 0.55 mm, respectively, buccally and lingually, and 0.33, 0.40,
0.74 mm mesially and distally [1].

The palatal canal is unique, wide, and rectilinear except for a slight curvature in
order of 0.23-0.12 mm * [29].

Figure 13.
Distobuccal canal system of maxillary first molar (veprinted from 3D tooth atlas version 9) [37].
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Figure 14.
Palatal canal system of maxillary first molar (veprinted from 3D tooth atlas version 9) [37].

The apical foramen is in the center of the apex in 18.0% of cases, and lateral in
82.0% of cases on the palatal root of the first maxillary molar [1].

4. Permanent maxillary second molar

4.1 The anatomical particularities of the maxillary second molar
4.1.1 General

The maxillary second molars are the seventh teeth from the midline, because
they erupt at about age 12, they are occasionally referred to as 12-year molars [37].
They contact the maxillary first molar on the mesial and the maxillary third
molar on the distal, and they occlude with the mandibular second and third

molar [37].

Numbering system Right Left

Universal 2 15

Palmer 7| 7

International 17 27
4.1.2 Development

* Initial calcification: 2.5-3 years
* Enamel completed: 7-8 years
* Eruption is between: 12-13 years

* Root completed: 14-16 years
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4.1.3 Dimensions

See Table 2.

4.1.3.1 Crown dimensions

The mesiodistal crown dimension is greater than the occlusocervical
crown dimension [2, 3]. The average difference is as great as 2.2 mm [3]
(Figure 15(a)).

The buccolingual crown dimension is greater than the occlusocervical
crown dimension [2, 3]. The average difference is as great as 4.3 mm [7]
(Figure 15(b)).

The buccolingual crown is greater than the mesiodistal crown dimension [2, 3].
The average distance is as great as 2.3 mm [7] and as small as 1 mm [6] (Figure 15(c)).
The distal half of the crown has a smaller occlusocervical dimension than the

mesial half [3] (Figure 15(d)).

4.1.3.2 Root’s dimensions

The buccal roots are about the same length [2], and the palatal root is the longest
root [2, 3] (Figure 16(a)).

The mesiobuccal root is wider buccolingually than the distobuccal root [3]
(Figure 16(b)).

The distobuccal root is shorter and exhibits less buccolingual dimension than the
mesiobuccal root [3] (Figure 16(c)).

4.2 External root canal anatomy of maxillary second molars
4.2.1 Number of roots

As stated in “Ingle’s Endodontics” [39], a majority of maxillary second molars in
three anatomical studies were found to be three-rooted 88.6% (n = 1272); this result
is lower than that found in the maxillary first molar, while the incidence of root
fusion was 25.8% (n = 1960) as claimed in seven studies (Figure 17), and C-shaped
canals with (4.9%) when compared to the maxillary first molar.

Other studies show different numbers. Indeed, the periodontologists Ross and
Evanchik [46] observed 657 maxillary molars in 170 patients in their dental offices

Overall length 21.4 mm
Crown length 7.7 mm
Crown width 9.7 mm
Crown buccolingual 11.4 mm
Root length 12.5 mm (DB)

13.1 mm (MB)

13.7 mm (P)
Table 2.

Average dimensions (mm) of the maxillary second molar [37].
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(d)

The crown dimensions (reprinted from 3D tooth atlas version 9) [37]. (a) Crown buccal dimension, (b) crown
mesial dimension, (c) crown occlusal dimension, and (d) occlusocervical crown dimension.

Figure 16.
Roots dimensions (reprinted from 3D tooth atlas version 9) [37]. (a) Root length, (b) mesial root dimension,
and (c) distobuccal root dimension.

and concluded that the root fusion in the maxillary second molars percentage is up
t0 52.9% (n = 157) versus 47.1% (n = 140) without root fusion.
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4.2.2 Shape of roots

4.2.2.1 Buccal aspect

The buccal roots are nearly parallel [2, 3]. The roots are relatively straight, and
the second molar roots are relatively close together [3] (Figure 18(a)).

The roots have a distal inclination [2, 3] (Figure 18(b)). The root trunk is
relatively long [3] (Figure 18(c)).

4.2.2.2 Mesial aspect

The lingual root is relatively straight [3] (Figure 19(a)).
The mesiobuccal root has a similar morphology of the maxillary first molar, but
the furrow that runs through its mesial face is less marked, or nonexistent [8]

(Figure 19(b)).

4.2.2.3 Distal aspect

The lingual root apex is frequently aligned with the distolingual cusp tip [2]
(Figure 20(a)).

Figure 17.
Buccal view of maxillary right second molar with three roots (veprinted from 3D tooth atlas version 9) [37].

(@ (b) (€)

Figure 18.

Buccal aspect of maxillary second molar roots (veprinted from 3D tooth atlas version 9) [37]. (a) Root
form/proximity, (b) root curvature, and (c) root trunk.
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{a) ()

Figure 19.
Mesial aspect of maxillary second molar roots (veprinted from 3D tooth atlas version 9) [37]. (a) Lingual root
form and (b) mesiobuccal root surface form.

Y,

(a) (b}

Figure 20.

Distal aspect of maxillary second molar voots (veprinted from 3D tooth atlas version 9) [37]. (a) Lingual root
apex location and (b) distobuccal root surface/form.

The distobuccal root of the second maxillary molar differs morphologically. The
background the mesiobuccal root on a distal view is visible [8] (Figure 20(b)).

4.2.2.4 Lingual aspect

The lingual root is not curved when seen from the lingual view, but it does
taper apically to a blunt or rounded apex. The buccal roots are spread out far
enough that they are usually visible behind the lingual root from this
view (Figure 21(a)).

The apex of the lingual root is in line with the distolingual cusp tip instead of the
lingual groove, as was found on the first molar [2].

The palatal root curves distally [5] (Figure 21(b)).
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4.3 Internal root canal anatomy of maxillary second molars
4.3.1 Pulp chamber and canal entries
4.3.1.1 Morphology of pulp chamber

The general outline of the pulp chamber in second maxillary molars resembles
first molars; four pulp horns of various sizes are present corresponding to the
arrangement of the cusps [37].

The floor of the pulp chamber is markedly convex, which gives the canal orifices
a slight funnel shape [41].

In Karaman et al.’s [11] research, among 100 maxillary second molars, the shape
of the pulp chamber can be trapezoidal about 74% (n = 74), triangular about 21%
(n = 21), or elliptical about 5% (n = 5) (Figure 22).

{a) (b)

Figure 21.
Palatal aspect of maxillary second molar roots (veprinted from 3D tooth atlas version 9) [37]. (a) Buccal roots
visibility and (b) lingual root curvature.

Figure 22.
Photograph of three second maxillary molars with pulp chambers [11]: trapezoidal (a), triangular (b), and
elliptical (c).
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When four canals are present, the access cavity preparation of the maxillary
second molar has a rhomboid shape, if only three canals are present, the access
cavity is a rounded triangle, the mesial marginal ridge need not be invaded with the
base to the buccal; if only two canals are present, the access outline form is oval and
widest in the buccolingual dimension [41] (Figure 23).

4.3.1.2 Description and location of canal entries

The canals’ orifices in the maxillary second molars are closer mesially to each
other than they are in maxillary first molar [41].

The three main orifices (MB, DB, and P) usually form a flat triangle and some-
times almost a straight line [41] (Figure 24).

The mesiobuccal canal orifice is located more to the buccal and mesial than in
the first molar; the distobuccal orifice approaches the midpoint between
mesiobuccal and palatal orifices; and the palatal orifice usually is located at the most
palatal aspect of the root [41].

The distance between orifices in pulp chamber floor was claimed as:

3.09 £ 0.22 mm in type II (n = 20), and 3.89 + 0.23 mm in type III (n = 8) according
to Karaman et al. [11].

(a) (b) (c)

Figure 23.
The shape of the access cavity of maxillary second molars from different views [41]: (a) buccal view,
(b) occlusal view, and (c) mesial view.

(a) (b)

Figure 24.
Canal entries [41]. (a) Three canal orifices in a maxillary second molar. (b) Two canal orifices in a maxillary
second molar.
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4.3.2 Morphology of the canals
4.3.2.1 Mesiobuccal canal
As mentioned in the fifth chapter of “Cohen’s Pathways of the Pulp” [41].

Seventeen anatomical studies found a wide range of canal incidence in the
mesiobuccal root; we calculated the average of one canal’s incidence, the results

Figure 25.
Mesiobuccal canal system of maxillary second molar (veprinted from 3D tooth atlas version 9) [37].

Figure 26.
Distobuccal canal system of maxillary second molar (veprinted from 3D tooth atlas version 9) [37].
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Figure 27.
Palatal canal system of maxillary second molar (veprinted from 3D tooth atlas version 9) [37].

were 69.3%, of two canals was 29%, while the incidence of three and four canals
was, respectively, 2.6 and 1% in two studies (Figure 25).

There was a single apical foramen found in the mesiobuccal root over 68% in
1352 maxillary second molars studied [39].

The mean degrees of primary canal curvature that obtained for type II and type
III configurations in maxillary second molar in clinical view were, respectively,
(26.13 £ 9.18°) and (18.97 + 4.71°) [11].

4.3.2.2 Distobuccal canal

These canals can be quite small and smaller at the mid-root and exit the pulp in a
relatively straight line, occasionally there may be acute apical curves in mesial as
well as distal directions [37] (Figure 26).

The distobuccal roots exhibited a single canal over 99% of the time in 10
reported anatomical studies, according to Cleghorn and Goodacre [39].

Otherwise stated in a book chapter: “Tooth Morphology, Isolation, and Access”
[41] reporting seven anatomical studies, one single canal was found in the rate of
100%.

4.3.2.3 Palatal canal

In maxillary second molars, palatal canals are mostly straight with an apical
curve to the buccal, apical to this marker is a deposition of secondary dentin along
the palatal surface of the palatal canal [37] (Figure 27).

The internal canal morphology of the palatal root of the maxillary second molar
was assessed in seven studies, showing the incidence of one canal over 99% [41].
While one study found that two palatal roots and two palatal canals occur in 1.47%
of these teeth [31].

Neelakantan et al. [23] used CBCT to analyze 191 extracted maxillary
second molars from an Indian population; the incidence of a single canal in a
palatal root was 87.8%, and the presence of two or more canals was
approximately 5.3%.
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5. Conclusion

The roots’ variation and the canal system’s morphology knowledge constitute for
each tooth a daily mission to the dental surgeon, in order to minimize the potential
risks that lead to a failure of the therapy, especially in the endodontic.

An accurate diagnosis and a successful therapy could be resulted by highlighting
the entire roots and canals network of molars in particular.

The preoperative radiography is the first complementary test to the
diagnosis; although the results of the retro-alveolar radiography in ortho-centered
incidence are important, they are not as significant as those of the meso-centric in
terms of their impact, which appeared to display three roots of maxillary molars
distinctly.

The cone beam computed tomography technology offers a high accuracy,
when the data collected by the clinic and conventional radiography are not
sufficiently contributory to the diagnosis. Unfortunately, the micro-computed
tomography is not applicable in vivo human imaging; however, it
forms a detailed means to evaluate the root canal anatomy quantitatively and
qualitatively.

Respecting the maxillary molars’ axis, the endodontic access cavity in a trape-
zoidal shape allows: a direct access, and a possible discovery of an additional canal.
This incidence appears to be increasing with the use of the surgical operating
microscope during the access opening procedure, while a lower magnification of
Galilean loupes are limited.

Furthermore, the canal entries could be located by using micro-openers, ultra-
sound inserts, round burs, or fine taper files. The use of dyes, with or without trans-
illumination, could also be useful.

The working length must ideally be determined through an apex locator, and
validated by retro-alveolar radiography. Cleaning and shaping with the k-files
remains a prerequisite for Ni-Ti instrumentation.

The techniques that are used to fill a canal network of maxillary molars act
according to the principle of vertical warm compaction or thermo-mechanical con-
densation with Gutta condenser.

Abbreviation

CBCT cone beam computed tomography
Micro-CT micro-computed tomography
CCD charged coupled device

PSP photostimulable phosphor
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Chapter 8

Morphology of Root Canal System
of Maxillary and Mandibular
Molars

Svetlana Razumova, Anzhela Brago, Haydar Barakat
and Ammar Howijieh

Abstract

The root canal system is complicated and has many anatomical variations
among different populations. It is so important to understand the morphology of
root canal system before any endodontic procedure, since the lack of knowledge
of root canal system could lead to missing the additional root canals which causes
failure of endodontic treatment. The study of root canal anatomy was carried out
by many researchers and among different populations using various techniques.
The presence of additional root canals was most commonly observed in molars.
The aim of this chapter is to provide an overview of the morphology of root canal
system of maxillary and mandibular molars and its variation among populations.

Keywords: root canal, configuration, number of root canals, number of roots

1. Introduction

The success of endodontic treatment depends on the precise knowledge of root
and root canal anatomy and morphology, which is an important challenge due to
the complexity of the root canal system and the anatomical variations [1, 2]. This
knowledge helps the clinicians in endodontic treatment planning and decreases
the percent of endodontic failure. The root canal contains the dental pulp, which
occupies the internal cavity of the tooth [3].

Root canal system varies among the teeth, especially in molar teeth. Recent
studies have demonstrated that root canal system is very complex due to splitting
and union of canals during their way to the apex [4, 5]. The root canal starts from
the orifice in the pulp chamber and ends apically with an open orifice into the
periodontium. The root canals present different configurations between the teeth
and among different populations [6]. Many techniques have been used to study the
root canal system from clearing and radiographs to microcomputed tomography
and cone-beam computed tomography scanning, which has the advantage of the
high-quality three-dimensional slices [2, 5, 7].

2. The classification of root canal system

The root canal system has been classified by different authors to set terms for
communication, diagnosis, and treatment planning. The ideal classification of root
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canal system is to define a number of roots, number of canals in each root, and the
canal configurations [8]. Different configurations of root canals have been identi-
fied in numerous studies. Weine et al. [9] in 1969 were the first who studied the root
canal configuration of maxillary second molars and defined four types as follows
(Figure1):

* TypeI (1-1): single canal runs from the orifice to the apex.

* Type Il (2-1): two canals start from the pulp chamber and join in one closer to
the apex.

* TypeIll (2-2): two canals run separately from the orifice to the apex.

* TypeIV (1-2): one canal starts from the pulp chamber floor and divides into two
canals when coming closer to the apex.

In 1984, Vertucci [10] presented another classification for root canal configura-
tions in maxillary first molars, and it has been commonly used in different studies.
The classification was as follows (Figure 2):

* Type1 (1-1): single canal runs from the orifice to the apex.

* TypeII (2-1): two canals begin from the pulp chamber and join in one at the
apex.

* TypeIII (1-2-1): one canal runs from the pulp chamber, splits into two canals dur-
ing its way, and then unites into one canal at the apex.

* Type IV (2-2): two canals run separately from the orifice to the apex.

* TypeV (1-2): one canal runs from the pulp chamber and splits into two canals
when coming closer to the apex.

* Type VI (2-1-2): two canals run from the pulp chamber; during its way they
unite into one canal and then again split into two canals at the apex.

* Type VII (1-2-1-2): one canal starts from the pulp chamber, then divides into two
canals, again unites into one canal, and finally at the apex divides into two canals.

* Type VIII (3-3): three canals run from the orifice to the apex.

In the last decade, some authors studied the root canal configurations all over
the world and added new types to Vertucci’s classification, which demonstrates the
complexity of root canal system. Kartal and Yanikoglu [12] identified two root canal
configurations in mandibular anterior teeth: type (1-2-1-3) and type (2-3-1). In
2001 Gulabivala et al. [13] added seven new configurations to Vertucci’s classifica-
tion: type (3-1), type (3-2), type (2-3), type (2-1-2-1), type (4-2), type (4-4), and
type (5-4) (Figure 3).

Also, in 2004, Sert and Bayirli [14] added 15 configurations (Figure 4), which
have been observed in maxillary and mandibular teeth in Turkey. They were classi-
fied in the following order: type IX (1-3), type X (1-2-3-2), type XI (1-2-3-4), type
XII (2-3-1), type XIII (1-2-1-3), type XIV (4-2), type XV (3-2), type XVI (2-3),
type XVII (1-3-1), type XVIII (3-1), type XIX (2-1-2-1), type XX (4), type XXI
(4-1), type XXII (5-4), and type XXIII (3-4).
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Figure 1.
Weine’s classification of root canal configuration.

!

Type V (12}  Type VI (2-1-2) Type VIl (1-2-1-2)

Figure 2.
Vertucci’s classification of root canal configuration [11].

BAAA

(3-1) (3-2) (2-3) (2-1-2-1)

(4-2) 4) (5-4)

Figure 3.
Gulabivala’s classification of root canal configurations.
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Peiris et al. in 2008 observed two additional root canal configurations (1-2-3)
and (3-1-2) in their study (Figure 5A) on mandibular first molar of a Sri Lankan
population [15]. In 2008, Al-Qudah added four new types for root canal configura-
tions of mandibular molars in Jordan population [16]: type XX (2-3-1), type XXI
(2-3-2), type XXII (3-2-1), and type XXIII (3-2-3) (Figure 5B).

In addition to describing root canal system, many authors studied the root
canal shape and the presence of isthmus (which is a narrow ribbon-shaped
communication between two root canals that contain pulp tissue). The isthmus
was found in 15% in maxillary anterior teeth, for maxillary premolars—it was
identified in 16% at a 1-mm level of the apex and in 52% at a 6-mm level of the
apex. The prevalence of the isthmus was high in mesiobuccal root of maxillary
first molars (about 30-50%) in the apical third of the root. For mandibular first
molars, 80% of mesial roots have connection in the middle and apical third of the
root. Root canal shape varies between round, oval, and C-shaped. Kim et al. [17]
classified root canal shape and the presence of connections between canals into
five types (Figure 6):

* Type I: incomplete isthmus between two canals

* Type II: two canals with a definite connection between them

* Type III: very short complete isthmus between two canals

* Type IV: a complete or incomplete isthmus between three or more canals

* Type V: two or three canals without visible connection between them.

Tes L5 T K 0-P30 o 002340 Tes XEE10 T BV (1) T K1) Ty NOL G2 .50)  Tyyes 00 il

Typm W0 (B39  Type MAT T Type XV T Typs MV G-D) Types 0 (0-T] Ty 20N [B-A) Ty MOOH 14}

Figure 4.
Sert and Bayirli classification of voot canal configurations [11].

Tyoany

Figure 5.
Root canal configurations according to (A) Beiris and (B) Al-Qudah [8].
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Figure 6.
Kim’s classification of root canal shape [17].

In 2018, a review was conducted to study classification of root canal configura-
tion to find a simple, reliable, accurate, and easy nomenclature system to identify
the root canal depending on the tooth type, the number of roots, the course of the
canal in each root, and the number of foramens [8].

3. Root canal morphology of maxillary molars
3.1 Maxillary first molar

The maxillary first molar is the earliest permanent tooth that appears in the oral
cavity and that makes it vulnerable to caries and furthers to the need of endodontic
treatment. It has three roots [mesiobuccal (MB), distobuccal (DB), and palatal (P)]
with four canals. Despite this, in some populations these variations were observed:
one, two, or four roots in the maxillary first molar [18-20]. Root fusion of this tooth
was observed in about 0.9-3% [20-23]. The root canal system of the maxillary first
molar is complex and has many variations among races; due to that it has the highest
rate of endodontic failure. The palatal root is the longest and has the largest diameter;
in most cases, it contains one round canal from the orifice of the pulp chamber to
the apex. The presence of two or three canals in this root has been reported; in some
population as in India, two canals were found in 5% [24]. The distobuccal root is
conical and has one canal in most cases. The presence of the second distobuccal canal
(DB2) has been documented in some studies, and its prevalence ranged from 0.5 to
9.5% (Figure7) [25, 26]. The most common root canal morphology of the palatal and
distobuccal roots is type I (1-1) (Table1). The mesiobuccal root contains two canals
(MB1, MB2) with a ribbon form type I by Kim et al. in most cases (Figure 8). The MB2
is one of the mysteries in endodontics; its orifice is located mesially or in the pulpal
groove between the main mesiobuccal canal and palatal canal, 3.5 mm palatally and
2 mm mesially from the main mesiobuccal canal [27]. The prevalence of MB2 ranged
from 48 to 88%, for example, in Russia MB2 was found in 59.8% [25], in Poland 59.5%
[28], in Japan 88.2% [29], and in Portugal 71% [30]. The root canal system of the
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mesiobuccal root has significant variations among populations. The most common
canal configuration is type I (1-1) followed by type II (2-1) and then type IV (2-2) by
Vertucci [20, 24, 25, 30-37]. Many recent studies have been conducted to analyze the
morphology of root canal configuration of three rooted maxillary first molars among
different populations as shown in Table 1. The most common root canal configuration
of one and four rooted maxillary first molars is type 1 (one canal) [31].

3.2 Maxillary second molar

The maxillary second molar is smaller and shorter than the first molar. It has
three separated roots in the most common form (MB, DP, and P). Available studies
show this tooth can have from one to five roots [37, 38]. Moreover, fusion of roots of
maxillary second molars is observed from 5.90 to 42.25% [39]. The fusion of palatal
root with mesiobuccal root is the most prevalent form followed by fusion of buccal
roots, and the least spread form is the fusion of the three roots (Figure 9) (Video 1)

Figure7.
A case of five canals in maxillary first molar. (A and B) Coronal and middle third: MB1, MB2, DB1, DB2, P
(C) Apical third: MB1 + MB2 + DP + P
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Figure 8.
A case of four canals in maxillary fivst molar. (A-C) Coronal, middle and apical third: MB1, MB2, DB, P.

- .
Figure 9.

A case of root fusion (MB + P) of maxillary second molar (A) covonal thivd of voot canals, (B) middle third
of root canal, (C) apical thivd of root canals.

-.

Figure 10.
A case of four canals in the coronal, middle and apical thivd of the maxillary second molar (A) coronal third
of root canals, (B) middle third of root canal, (C) apical third of root canals.

[39]. Root canal morphology of this tooth varies among population and races. The
most common root canal morphology of three-rooted second molar is four canals
(MB1, MB2, DB, and P) (Figure 10). The incidence of MB2 ranged from 11.53 to
93.7% [40], in Russia—51.5%[41], and in Portugal—44% [30]. MB2 is located
mostly 1 mm from the orifice of the mesiobuccal canal [39]. Root canal configura-
tion of MB is so complex; type I (1-1) is common in MB root, followed by type II
(2-1). Other types of root canal configurations were observed in some population
like India, Portugal, and China [20, 30, 31]. Clinicians should pay attention to the
presence of MB2 during endodontic treatment to avoid failure. The shape of the
root canal in MB root could be ribbon-shaped when two canals exist or oval when
just one canal (Figure 11).

For DB and P roots, they have one canal in most cases. Two canals in DB root
were observed in some studies, and the prevalence of DB2 ranges from 0.6 to 4%
[40]. Its orifice is located near the DB1. The most common root canal configura-
tion in these roots is type 1 (1-1) (Table 2). The root canal shape of these roots is
mostly round.

For one-, two-, and four-rooted maxillary second molars, type 1 (1-1) is mostly
common [31]. Table 2 presents the root canal configurations of three-rooted maxil-
lary second molars in recent studies in different countries [20, 30-35, 42-44].
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(©)

Figure 11.
Three canals of maxillary second molar. The shape of MB canal is oval while the shape of DB is round
(A) coronal third of root canals, (B) middle third of root canal, (C) apical thivd of root canals.

3.3 Maxillary third molar

It is also known as wisdom tooth and generally erupts between the ages of 17 and
25 years old. The anatomy of the maxillary third molar is unpredictable and varies
among populations, even in individuals in same populations [45-47]. A few studies
were conducted to analyze the anatomy and root canal morphology of this tooth. It
may have from one to five roots. Root fusion is common in this tooth, whereas Alavi
et al. reported root fusion from 2 to 26.5% in Thai population [45]. Ahmad et al.
found root fusion in 70% in Jordan population [46]. The fusion of three roots was
the most common form. Regarding the number of root canals, it varies per root and
generally ranges from one to six canals (Figure 12) [47]. Table 3 shows the number
of roots and root canals of maxillary third molar among different populations
[41, 42, 45-51]. The most common root canal configuration for maxillary third molar
is type I (1-1) followed by type II (2-1) (Table 4) [42, 47, 50, 51]. The incidence of
C-shaped canals in this tooth was reported in two studies: in the USA (2.2%) [45]
and in China (8.5%) [51]. The shape of the root canal in the coronal, middle, and
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(A) (B) @

Figure 12.
Maxillary thivd molar with three roots and four canals (A) coronal thivd of voot canals, (B) middle thivd of
root canal, (C) apical third of root canals.

apical thirds varies per root such as, when the third molar has one root with one
canal from the orifice to the apex, the shape of the canal may be oval or long oval in
all parts (Figure 13). If the one-rooted tooth has two canals, the shape of the canal
could be like a ribbon, type L, II, IV, or V by Kim et al. (Figure 14). A clinician should
pay attention to the root canal shape when preparing and filling the root canal.

4. Root canal morphology of mandibular molars
4.1 Mandibular first molar

This tooth is the most common tooth exposed to caries and frequently requires
root canal treatment. It has two roots in the most common form (mesial and
distal); occasionally, it has three roots. The mesial root is characterized by a flat-
tened mesiodistal surface and widened buccolingual surface. The distal root is
mostly straight. The morphology of mandibular first molar has been investigated in
different studies among different populations. The incidence of three-rooted teeth
has been reported in some populations: Korea (25.8%) [51], Spain (4.1%) [33], and
Turkey (3.6%) [52]; this third root is mostly located distolingually, and it is smaller
than the distobuccal root. Root canal system varies from two canals to four canals.
The incidence of four canals was reported in some races: in Russia (20.9%) [40],
Turkey (15.3%) [52], Spain (52.9%) [33], and Korea (24.3%) (Figure 15) [51]. The
fourth canal is usually located in the distal root. The mesial root has two separated
canals in about 90% of cases (type IV), and in 10 % the two canals are joined into
one canal at the apex (type II), while the distal root usually contains one straight
oval canal (type I) (Figure 16). The incidence of C-shaped root canal is low in this
tooth and about 2% [60] (Table 5 shows the root canal configurations for mandibu-
lar first molar in recent studies [30, 33, 51-59]).

4.2 Mandibular second molar

This tooth is similar to the mandibular first molar. Usually, it has two roots
(mesial and distal), although it may have one or three roots. The extra root is usu-
ally located lingually. The incidence of three-rooted teeth was found in some popu-
lations: in Chinese (1.27%) [59], Indian (7.5%) [61], Turkish (0.4%) [52], Spain
(6.25%) [33], and Korean (1.1%) [62]. The prevalence of one-rooted mandibular
second molar was observed in Russia (0.5%) [40], Spain (16.5%) [33], and Turkey
(1.6%) [52]. The most frequent root canal system is three canals (two mesial and
one distal) (Figure 17). The prevalence of three canals in various populations
was in Russia (82.2%) [40], Turkey (86.4%) [52], India (53.5%) [61], and Spain
(81.25%) [33]. The mesial root usually has two canals that tend to lie much closer
together. The most common root canal configurations in the mesial root are type II
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Figure 13.
Maxillary third molar with one voot and one long oval canal (A) coronal third of root canals, (B) middle
third of root canal, (C) apical third of root canals.

@ (®) ©

Figure 14.
Maxillary third molar with one voot and two canals (A) coronal third of root canals, (B) middle third of root
canal, (C) apical third of root canals.

(2-1) and type IV (2-2) (Table 6). The distal root has one straight canal with type

I (1-1), and the incidence of two canals is less and ranged from 3.5 to 20% [61].
The incidence of C-shaped root canals is higher in this tooth than the other teeth
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Figure 15.
Mandibular first molar with four canals (two mesial and two distal) (A) coronal thivd of root canals, (B)
middle third of root canal, (C) apical third of root canals.

(Figure 18). Several studies have reported the C-shaped canals among various
populations: India (13.12%) [61], Korea (40%) [62], Brazil (3.5-15.3%) [63, 64],
China (29-39%) [59, 65, 66], Russia (8.5%) [67], Saudi Arabia (9.1%) [60], and
Jordan (21.6%) [16]. This variation could be related to ethnic groups. Regarding
the root canal shape, mesial roots tend to have ribbon-shape type I or V by Kim
et al., and the distal root canal in most cases has an oval shape and round in some
cases (Figure 19). Table 6 represents the root canal configurations of two-rooted
mandibular second molars.

4.3 Mandibular third molar

This tooth erupts between the ages of 17 and 25 years old. It has morphologi-
cal radicular variations. Many dental treatment plans work on maintaining
this tooth to use it as a strategic abutment when the first and second molars are
missed, especially when there is sufficient room in the dental arch. Frequently, it
has two roots (mesial and distal). A few studies in various populations found that
mandibular third molar could have from one to four roots (Figures 20 and 21),
which could be related to genetics and race differences; as in Croatia and China,
one-rooted third molar was reported in 56% [47] and 48% [50] of cases, respec-
tively (Figure 22) (Table 7). The root canal system of this tooth is unpredictable;
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Figure 16.

Mandibular first molar with three canals (two mesial and one distal) the mesial canals shape have the ribbon
type I by Kim, while the distal canal shape is long oval (A) covonal third of root canals, (B) middle third of
root canal, (C) apical third of root canals.

Figure 17.
Mandibular second molar with three canals (two mesial + one distal) (A) coronal third of root canals, (B)
middle thivd of root canal, (C) apical third of root canals.

it could have from one to six canals [44]. The most common form is to have three
canals (two mesial canals and one distal canal). Table 7 presents the root and
canal number in different populations. Regarding root canal configurations,
type (1-1) prevailed mostly in mesial and distal roots of two-rooted teeth and in
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Figure 18.
Mandibular second molar with C-shaped canal (A) Sagittal view of mandibular second molar, (B) coronal
third of voot canals, (C) middle third of root canal, (D) apical third of root canals.

()

()

Figure 19.
Mandibular second molar two canals (one oval mesial + one round distal) (A) coronal third of root canals,
(B) middle third of root canal, (C) apical third of root canals.
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Author(s) Country Root Type  Type Type Type  Type Type Type

(Year) (1-1) (21) (1-2-1) (2-2) 1-2) (21-2) (3-3)
Sertetal. Turkey Single 65.6 14.7 - 9.8 9.8 - -
[49] (2011)
Mesial 59 24.2 27 9.8 39 - -

Distal 99.2 0.8 - - - - -

Kuzekanani Iran Single 31.2 219 94 25 31 - 31
etal. [71] (2012)

Mesial 54.1 174 13.8 3.7 74 - -

Distal 92.7 1.8 27 - - - -
Ahmad Jordan Single 55.6 222 111 - - 111 -
etal. [46] (2016)

Mesial 40.6 18.8 31 28.1 94 - -

Distal 93.8 - - 31 31 - -
Zhang et al. China Single 427 36 - 24 24 - -
[50] (2018)

Mesial 68.3 5 83 33 117 - -

Distal 100 - - - - - _

Table 8.

Root canal configuration of maxillary third molar in different populations.

Figure 20.
Mandibular third molar with two roots and two canals(A) coronal third of root canals, (B) middle third of
root canal, (C) apical third of root canals.

Figure 21.
Mandibular thivd molar with three roots and three canals(A) coronal third of root canals, (B) middle third of
root canal, (C) apical third of root canals.

Figure 22.

Mandibular thivd molar with one root and two canals(A) coronal thivd of root canals, (B) middle third of
root canal, (C) apical third of root canals.

single-rooted third molars (Table 8) [46, 49, 50, 71]. The incidence of C-shaped
canals was reported in Thailand (11%) [70], Iran (3.3%) [71], and China (3.3%)
(Figure 23) [50]. Root canal shape of mandibular third molar varies per root.
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Figure 23.
Mandibular thivd molar with C-shaped canal (A) covonal thivd of voot canals, (B) middle third of root canal,
(C) apical third of root canals.

5. Conclusion

This chapter summarized the root canal system of the maxillary and mandibular
molars in different populations. Root canal system of the molar teeth is so complex
and unpredictable. It varies among populations and even in individuals in same
population. The maxillary first and second molars have in the most common form
three roots with four canals. The maxillary third molar may have from one to five
roots with different numbers of canals ranging from one to six canals. Mandibular
molars in the most common form have two roots with three canals. C-shaped canals
are mostly common in mandibular second molars. Clinicians should pay attention
to the additional canals and additional configurations when preparing for the root
canal treatment, since knowledge of the basic root and root canal morphology as
well as possible variation in anatomy of the root canal system is an important factor
to achieve successful root canal treatment.
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Chapter 9

Root Canal Morphology and
Anatomy

Esra Pamukcu Guven

Abstract

Success in root canal treatment depends on the proper application of all proce-
dures of root canal treatment. This wholistic approach includes leakproof crown
restoration, following ideal instrumentation, irrigation and hermetic obturation.
Therefore, the first step of root canal treatment begins with understanding the
tooth morphology in detail. The teeth vary according to their localization at the jaws
and the gender and race of people. Detection of the extra canals, canal curvatures,
isthmuses and lateral and accessory canals plays an important role in the success
of root canal treatment. With all this, the academic knowledge and proficiency
of the dentist and/or endodontist enable tooth morphology to be more clearly
understandable.

Keywords: tooth morphology, root canal morphology, dental anatomy,
technologic devices, illumination and magnification systems

1. Introduction

Understanding the anatomy of the root canal system is essential for a success-
ful root canal treatment. Complexity of root canals depends on reasons such as
ethnicity, gender, age, the existence of lateral/accessory canals, isthmuses, the
location of the teeth at the jaws and anomalies of the teeth (dens invaginatus,
dens evaginatus, fusion, gemination, dens in dente). Besides all of these, some
physiological alterations occur in enamel and dentin with age. Mineralization of
dentin results in calcification of dentinal tubules; thus, dentin becomes sclerotic.
Several difficulties occur during root canal treatment in such cases. The utiliza-
tion of novel technologic equipments for magnification and lightning of the root
canal system like dental microscope, loupe, radiographic visualization systems
and cone beam computed tomography (CBCT) in dentistry enlightens endodontic
treatment [1].

2. Maxillary incisor teeth

Macxillary central teeth have one root and one main canal [2]. Rarely, at 6% rate
one canal of maxillary central teeth is divided into two parts at the apical foramina
which can be classified as Vertucci type V (Figure 1). Apical root canal anatomy
should be regarded because of its main effect on the success of root canal treatment
(Figure 2). In the study of Adorno et al. [3], accessory canals in the apical 3 mm at
Japanese population were found in 46% of the specimens.
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Figure 1.
Endodontic treatment of a maxillary left first incisor tooth with lateral canal.

Figure 2.
Accessory canals in the apical 3 mm of the root.

According to Vertucci’s classification, maxillary lateral incisor teeth have one
main canal (100%) [2]. Generally, maxillary lateral incisor teeth are single-rooted
with a single canal [4]. The apex of the maxillary lateral teeth is positioned at the
palatal side. In the study of Adorno et al. [3], among Japanese population, accessory
canals in the apical 3 mm were found in 29% of the specimens.
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3. Maxillary canine teeth

According to Vertucci’s classification, maxillary canine teeth have one main
canal (100%) [2]. In the study of Adorno et al. [3], among Japanese population,
accessory canals in the apical 3 mm related with the maxillary canine teeth were
found in 38% of the specimens. The endodontic cavity should be prepared at the
palatal side of the tooth in oval shape in these teeth.

4. Maxillary premolar teeth

In the study of Tian et al. [5], it was found that in Chinese population, 66% of the
premolar teeth had one root, 33% had two roots and 1% had three roots. According
to Vertucci’s classification, root canal morphology is classified into eight types:

Type I: One canal extending to the apex.

Type II: One canal beginning from the pulp chamber, dividing into two parts at
the 1/3 middle of the root and then ending in one part at the apex.

Type III: One canal leaving the pulp chamber, dividing into two and ending as
one canal by merging.

Type IV: Two canals leaving the pulp chamber and ending as two separate canals.

Type V: One canal leaving the pulp chamber and dividing into two distinct
canals with separate apical foramina.

Type VI: Two separate canals leaving the pulp chamber, merging in the 1/3 of the
root canal and then separating to exist as two distinct canals.

Type VII: One canal leaving the pulp chamber, merging in the 1/3 of the root
canal and then separating to exist as two distinct canals.

Type VIII: Three separate, distinct canals extend from the pulp chamber to the apex.

According to Weine (1976), the classifications are divided into four groups as:

Type I: One canal extending as one canal to the apex.

Type II: Two separate canals leaving from the pulp chamber and merging at the
1/3 of the apex.

Type I1I: Two canals leaving the pulp chamber and extending as two canals to the
foramen.

Type IV: One canal leaving from the pulp chamber, dividing into two parts at the
1/3 middle of the root and extending as two canals to the apex.

In the study of Pan et al. [6], the prevalence of maxillary first premolar teeth
with one main root canal was 67.8%, with two roots was 31.9% and with two canals
was 88.2%. In Malaysian population, according to Vertucci’s classification, second
premolars were detected to be single-rooted with type I in the 58.2% incidence [2].
Based on the detection of premolars in molar shape, the endodontic cavity of the
maxillary premolar teeth should begin to be prepared as “T-shaped” on the occlusal
surface instead of oval shape. In these teeth, two root canal orifices are at the buccal
side, and one is at the palatal side [7].

5. Maxillary molar teeth

The upper first molar teeth have three roots and three or four canals (palatal,
mesiobuccal 1 (MB1), mesiobuccal 2 (MB2) and disto-buccal (DB)). In the study
of Kumar et al. [8], the upper molar teeth were shown to have seven canals. At
Burmese population, the prevalence of two canals in mesiobuccal roots of the upper
first molar teeth decreases towards the upper third molar teeth. Around 85.2% of
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270 roots of the upper molar teeth have one canal in one root at the apex, 14% have
two canals at the apex and 0.8% have three canals at the apex [9]. According to Pan
etal. [6], a second palatal canal was detected in 0.9% in the maxillary first molar
teeth in Malaysian population. Ninety-one percent of mesiobuccal roots of maxil-
lary first molars was detected to have accessory canals [10, 11]. Accessory canals
with 85% of incidence were found to be located in the apical third of the roots [10].
According to micro-computed tomography analysis of the mesiobuccal root canal
anatomy referring to second mesiobuccal canals of maxillary first molar tooth, the
results were in 60% in accordance with Weine et al’s (1969) classification and in
70% with Vertucci’s (1984) classification [10].

Mikrogeorgis et al. [12] determined two root canals in conjunction with the
apexIn addition, as the morphological differences determined related with the
mesiobuccal root of upper molar teeth, distal root has also been detected to have
two seperate canals; distobuccal 1(DB1) & distobuccal 2 (DB2) as shown in
Figure 3.

Palatinal Canal

=——Distal Canals

Figure 3.
The radiograph of a maxillary second molar tooth with two distal canals.

Figure 4.
Endodontic treatment of a mandibular right first incisor tooth with a lateral canal.
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6. Mandibular incisors

In the study of Sert et al. [17], in Turkish population, it was pointed out that
68% of mandibular central incisors have two canals and 6.5% have lateral canals.
In addition, in the same study, it was pointed out that 63% of mandibular lateral
incisors had two canals and the prevalence of lateral canals was 13% in Turkish
population. Mandibular first incisor tooth with a lateral canal is seen in Figure 4.

7. Mandibular canine teeth

According to a morphological study of Soleymani et al. [18], in the Iranian
population, 89.7% of the mandibular canine teeth were found to have type I, 5.7%
had type III, 3.7% had type I and 1% had type V morphology.

8. Mandibular premolar teeth

The endodontic cavity has to be prepared in oval shape on the occlusal surface
of the premolar teeth regarding the localization of root canal orifices. In Turkish
population, 62% of the mandibular premolar teeth have one main root canal [17].
Vertucci found out a second canal in 26% of the mandibular first premolars and 3%
at the second premolars [2]. In Turkish population, 71% of the mandibular second
premolars have one main root canal [17].

9. Mandibular Molar teeth

According to Vertucci’s classification, 44% of the mesial roots of the mandibular
first molar teeth were found to be type I, whilst 54% were type II. Al-Qudah et al.
[16] reported that in Jordanian population, the mandibular first molar teeth had
three canals (48%) and four canals (46%). The frequency of the mesial root canals’
combination in the first (56, 34%) and second (67, 41%) mandibular molars is
more common in three-rooted teeth than four-rooted teeth [19]. Huang et al. [20]
pointed out that the incidence of mandibular first molars with two, three and four
roots was 55.5, 26.5 and 18.0%, respectively. They also added that double-rooted
distal root was associated with two mesial canals. In a CBCT assessment study of
mandibular molars, the distance from the apex to the canal orifice is found to be
13.15 mm [21]. The existence of isthmus is a type of morphological difference seen
in mandibular molar teeth. Endodontic treatment of a mandibular right first molar
tooth with an isthmus located between the mesiobuccal and the mesiolingual canals
is seen in Figure 5.

The results of a study evaluating the root canals of the mandibular second
molar teeth showed that 76% of the two-rooted mandibular second molars had a
single distal canal and 87.5% had two mesial canals that combined apically with
the prevalence of 53% [17]. In South Asian Pakistani population, the mesial roots
of the mandibular molar teeth were found to have two canals (97%), whereas the
distal roots had single canals (50%) [22]. In the study of Al-Qudah et al. [16], the
incidence of three canals in Jordanian mandibular second molars was reported
as 58%, two canals as 19% and four canals as 17%. Gulabivala et al. [23] reported
that 68% of Thai mandibular molars had two distinct roots and 20% had fused
roots.
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Figures.
Endodontic treatment of a mandibular right first molar tooth with an isthmus located between the mesiobuccal
and the mesiolingual canals.

10. C-shaped root Canals

C-shaped root canals’ anatomy is defined as the connection of two distal roots
internally and C-shaped appearance panoramically. C-shaped root canals can be
observed in the upper and lower first and second molar teeth. They are seen at high
rates in the mandibular second molar teeth in Asian population. The treatment
of C-shaped root canals needs more care because of their wide, oval and complex
anatomy and the bleeding potential of wide pulpal tissue. In the study of Kim et al.
[13], the problems with the treatment of C-shaped root canals were found as unsuc-
cessful sealing ability of the canal (45.2%), overlooked canal (9.5%), overfilling
(7.1%) and iatrogenic problems (7.1%).

Irrigation protocols have significant importance for removing pulpal remnants
and hard tissue debris, especially for the unreachable points in the root canals [4]. The
morphology of C-shaped root canals may result in elbows during root canal shaping
in curved canals. The percentages of elbow formation were reported as 42.1% in C
form canals, 40.0% in ] form canals and 19.3% in straight form canals. Zip formation
was observed in 83.5% of C form canals [14]. Eighty percent of C-shaped root canals
were found to have 1-3 apical foramina [15]. In Malaysian population, the C-shaped
root canals were found to have 48.7% of incidence [6]. In Jordanian population the
mandibular second molar teeth had C-shaped roots in 10% of incidence [16].

11. Dental anomalies

Dental morphological anomalies accompany some growth and developmental
abnormalities. Dens invaginatus, dens evaginatus, dens in dente, fusion and
gemination are among the often seen dental anomalies. Dental anomalies could also
be associated with syndromes, such as Down syndrome.

Dens invaginatus is determined as an infolding of dentin and enamel extend-
ing into the pulp chamber. In a case report of Kottoor et al. [24], a maxillary lateral
incisor was found to have four main canals called distal, labial, mesial and lingual in
a dens invaginatus case. Dens invaginatus is more often characterized with an imma-
ture tooth with a periapical lesion. The decision on treatment type depends on the
tooth’s morphological situation. This pathology is treated by regenerative procedures
in which root dentin thickness and newly developed apical foramina are expected.
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In a morphology study conducted among individuals with Down syndrome,
it was reported that all teeth, except mandibular first premolars, showed
significantly shorter crown and root lengths [25]. This information is valuable
during making a decision of the crown restoration type regarding the crown-
root proportions.

12. Conclusion

Focusing on the tooth morphology considering root canal complexity allows
dentists to perform successful root canal treatment. Besides the dentists’ knowledge
and interest in root canal morphology and anatomy, proficiency on root canal
treatment and the tendency to use novel technological devices enable prosperous
endodontic treatment. The novel tooth morphology classification presented by
Ahmed and Dummer, based on the simplicity and clarity respecting tooth number,
number of roots and root canal configuration types, is the prominent leading
literature for dentistry [26].
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The C-Shaped Root Canal

Jesus Alejandro Quisiones Pedraza

Abstract

A thorough understanding of root canal anatomy is of paramount importance in
the field of dentistry. The C-shaped root canal is an anatomical variation occurring
mostly in mandibular second molars. In a transverse section, the shape of this canal
is observed as the letter C. The presence of a fin or web connecting the individual
root canals is another anatomic feature. Due to its complex anatomy, different
classifications have been proposed through the years for a better comprehension.

In endodontic literature, the C-shaped root canal has been of high interest and its
prevalence is reported in different regions of the world. Additionally, its endodontic
management has been widely described and analyzed.

Keywords: C-shaped root canal, anatomy, anatomical variation,
canal configuration, human teeth

1. Introduction

The C-shaped root canal is considered an anatomical variation in human teeth [1]
and was firstly documented in endodontic literature by Cooke and Cox in 1979 [2].
This anatomical variation has been widely studied. Additionally, several case reports
have described its endodontic management [3-5].

The main cause of a C-shaped root is due to the failure of the Hertwig’ epithelial
root seath to fuse on the lingual or buccal root surface [1]. The roots of human
molars with C-shaped canals may be conical and fused. For these characteristics,
studies suggested that C-shaped root canals could be identified based on preop-
erative radiographs [6, 7]. However, not all conical roots have a C-shaped canal
and various reports stated that a C-shaped root canal is not easily seen using only
radiographs [6]. On the other hand, additional reports have demonstrated that a

Figure 1.
(A) Unilateral C-shaped root canal in mandibular second molar; (B) bilateral C-shaped root canal in
mandibular second molar.
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C-shaped canal may be bilateral [8] (i.e., when it is present on one side, it can also
be present in the contralateral tooth) (Figure1).

The C-shaped root canal has been found in mandibular and maxillary molars
[9, 10], mandibular premolars [11], and even in some incisors [12]. However, it
is most commonly present in mandibular second molars [3]. As other anatomi-
cal variations, its prevalence has been associated with ethnicity. Interestingly,
the prevalence of this canal in Asian populations has been higher than other
populations [13].

2. Classification

Different techniques have been used to analyze the morphology of C-shaped
root canals [14, 15]. In a transverse section of a tooth with this morphology, the
shape of the canal is observed as the letter C (Figure 2) and different patterns
may be present along the canal. The presence of fins connecting the individual
root canals is other anatomical feature [1]. Likewise, the shape of the letter C
may be interrupted and observed as separate canals [16]; for this reason, differ-
ent anatomical classifications have been proposed through the years for a better
understanding [17, 18].

Although there are different classifications, the following [18] has been com-
monly cited and well accepted by clinicians (Figure 3):

* Category I (C1): the shape was an uninterrupted “C” with no separation or
division.

* Category II (C2): the canal shape resembled a semicolumn resulting from a
discontinuation of the “C” outline, but either angle alpha or beta was no less
than 60°.

* Category III (C3): two or three separated canals and both angles, alpha and
beta, were less than 60°.

* Category IV (C4): only one round or oval canal in that cross-section.

* Category V (C5): no canal lumen could be observed (which was usually seen
near the apex only).

Figure 2.
C-shaped root canal, the shape of the canal is observed as the letter “C.”
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Figure 3.
This representative illustration explains the classification of C-shaped oot canal. (A) Category I; (B) category
IL; (C) and (D) category III; (E) category IV and (F) category V.

3. Endodontic management

In the field of dentistry, the C-shaped root canal has been of high interest,
especially in endodontics. Lack of knowledge regarding root canal anatomy may
lead to deficient endodontic treatments [19]. Irregular areas in a C-shaped canal
can keep remnants of soft tissue, debris, and infected tissue or may be a source of
bleeding during a root canal treatment [20, 21]. Therefore, root canal treatments in
these cases may require specific skills.

In 1979, the first case reports of C-shaped root canals were documented [2].
Clinical images were presented where the C shape was evident in mandibular and
maxillary molars. Since then, numerous case reports have described their clinical
management [22].

The chemomechanical preparation and obturation of C-shaped canals have
been challenging in some cases [23]. Sodium hypochlorite has been the most used
endodontic irrigant because of its antimicrobial properties and tissue-dissolving
capabilities [24]. Obturation techniques with warm condensation have been
indicated in some cases of C-shaped root canals [25]. Likewise, the use of manual,
rotary, and reciprocating files has resulted effective in mechanical preparation of
teeth with aberrant anatomies [26].

The disinfection process is affected for isthmuses and other irregularities.
Careful exploration with a small, precurved file may be helpful to locate additional
canals. Although it is not possible to carry out an appropriate negotiation in all the
canals, the penetration of sodium hypochlorite with ultrasonics may allow an effec-
tive disinfection process [27].

4, Conclusions

A thorough understanding of root canal anatomy is of paramount importance
in the field of dentistry. Variations in the number of roots and root canal system
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anatomy are not uncommon in human teeth. The C-shaped root canal represents an
important and challenging anatomical variation. Likewise, knowledge of the dif-
ferent morphologies of C-shaped root canals can help avoid complications during
endodontic treatments.
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Abstract

The first permanent molar (FPM) plays an essential role in the masticatory
function by contributing to the implementation and the maintenance of the
occlusion. However, it is considered as the most frequently affected and the earli-
est affected tooth by caries; 27.4% of the 6-8 years old children have developed
at least one cavity on one of the four first permanent molars, according to a study
conducted among 3276 school children in Casablanca .Therefore, the FPM should
benefit from special vigilance on the part of the practitioner to ensure that any early
carious lesion is intercepted. In addition, the FPM, due to its period of mineraliza-
tion coinciding with early childhood diseases, can erupt with a structural abnormal-
ity. Molar incisor hypomineralization (MIH) is considered to be the most common
defects observed on first permanent molars among children. A study conducted
among 1077 children aged 7-10 years enrolled in schools in Casablanca showed that
7.9% of children were affected with MIH. About 84.7% of the children had the four
molars affected. Children with HIM had a significantly higher prevalence of caries:
78.8 versus 33.5% These structural abnormalities of the enamel must be carried out
earlier to ensure that the coronary anatomy is the least compromised.

Keywords: molar, dental caries, risk factors, therapeutic, prevention measures, molar
incisor hypomineralization, tooth abnormalities, dental care for children, Morocco

1. Introduction

The first permanent molar (FPM) is considered as the most important tooth
for the dentition and dental development with a key role in occlusion. It partici-
pates in the maxillary growth and physiology of the mandibular system.

However, it is considered to be the most and earliest affected tooth by cavities.
Indeed, the early time of its eruption when hygiene is difficult and poorly con-
trolled makes it particularly vulnerable to carious disease.

In addition, FPM, due to its period of mineralization coinciding with early
childhood diseases, can erupt with a structural abnormality. Molar incisor hypo-
mineralization is considered to be the most common defect observed on FPM in
children.
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Other uncommon abnormalities can affect the FPM such as shape, size, or
eruption abnormalities. The early diagnosis of lesions on this tooth allows in a large
number of cases to avoid complications and the systematic use of endodontic and
prosthetic treatments and sometimes even tooth extraction.

The purpose of this chapter is to review the main pathologies and abnormalities
of the first permanent molar. Epidemiological data, risk factors, clinical aspects,
therapeutic, and preventive approach are described and illustrated by clinical cases
treated at the Casablanca Pedodontics Department.

2. Carious pathology of the first permanent molar
2.1 Epidemiology and risk factors

The importance of the carious pathology of the first permanent molar has been
known clinically for a long time. Epidemiological surveys carried out in several
countries have shown the extent of this problem [1-5]. In France, in 2007, a survey
on the oral health of 12-15 years old children attending school in the southern
province revealed that 52.4% of children had already carious disease and 11.9%
have four FPM affected teeth [1]. In 2015, Xue et al. reported, in Tangshan (China),
a prevalence of caries of 47.49% on the FPM. Another study conducted among
Sudanese children showed a prevalence of 6-year-old tooth disease of 61% [2, 3].

In Morocco, epidemiological surveys were carried out to determine the state of
the FPM among schoolchildren and consultants in the Pedodontic Department in
the Universities of Hassan II of Casablanca and Souissi of Rabat. They all showed a
high rate of decay in the FPM [6, 7].

Indeed, a descriptive cross-sectional study of 3276 children aged 6-8 years
enrolled in school in Casablanca revealed that 27.4% had at least one cavity in one of
the four FPMs [6].

A survey of 216 children aged 6-13 years old who were consultants in the
Pedodontics Department in the University of Hassan II of Casablanca showed that
73.14% of subjects had at least one FPM affected by cavities and 12.65% of subjects
had all four teeth affected [8]. As in the Pedodontics Department of the University
of Suissy of Rabat, 65% of children aged 6-15 years had at least one carious FPM
[7]. The prevalence of caries increases with age, and this is in accordance with
studies carried out by Al-Samadani and Ahmad [2] and Aldossary et al. [9] in Saudi
Arabia. Most of these studies showed that the first mandibular molars were statisti-
cally more affected than their maxillary counterparts (p < 0.01) [8, 9].

In the permanent dentition, first permanent molar was observed to be highly
susceptible to carious lesions in its occlusal aspect due to the early time of its
eruption, to its morphological characteristics and to its positioning in the oral
cavity [10-12].

First permanent molar is the first permanent tooth appearing in the child’s
mouth; most parents are unaware that these teeth are the first permanent teeth
and often neglect its importance considering it a primary insignificant tooth [13].
Sometimes, parents think that the first permanent molar is a deciduous tooth, and
instead of restoring it, they extract the tooth and deprive the child of the right to
permanent teeth in the future [14].

Regarding parents of children consulting in the Pedodontic Department in the
University of Hassan II of Casablanca, only 19% of them know that this tooth is
permanent. The others do not know when it erupted and confuse it with a tempo-
rary molar [8]. According to the study by Heydari et al., most parents are unaware
of the presence of FPMs in their children’s oral cavity [14].
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The first permanent molar has a longer eruption time. Carvalho and Abernathy
found that the first permanent molars were more susceptible to caries during the
first 1-3 years after the eruption and the occlusal aspects of the first permanent
molars were particularly vulnerable to the caries development at the age of 6 [15].

The complicated pits and fissures and the operculum covering the distal half of
the first permanent molars allow for the accumulation and retention of bacterial
plaque [16-18]. Favorable conditions for biofilm accumulation during tooth erup-
tion are likely to explain, at least in part, the present findings. First, the amount of
biofilm accumulated on the occlusal aspects has been shown to be higher in partially
erupted molars than in fully erupted molars. In addition, Brailsford et al. showed
the qualitative differences in the biofilm composition, with partially erupted teeth
having higher counts of non-mutans streptococci and Actinomyces israelii than
fully erupted teeth [19].

Besides, first permanent molar exhibits an increased susceptibility to caries due
to its positioning in the oral cavity in the posterior region of the child’s mouth which
makes it further difficult for the child to properly clean this area [19, 20].

The first permanent molars are at greater risk of damage and loss, because
of their special morphology. Pits and fissures on occlusal aspects of permanent
teeth are particularly susceptible to the development of tooth decay. This sus-
ceptibility to tooth decay is related with the individual morphology of the tooth’s
pits and fissures, which can be prosperous shelters for microorganisms and make
the oral hygiene procedures of these areas more difficult, allowing greater plaque
accumulation [21].

Many surveys have reported a preferred site of mainly occlusal caries: 90% of
caries occurs at this level in children and adolescents [22]. The same results were
found at the Pedodontics Department in the University of Hassan II of Casablanca,
where 87.7% of the FPM caries were found in the occlusal grooves [8].

The occlusal fissured surface of the first permanent molars and their lower buc-
cal and upper lingual pits are among the most susceptible sites for caries.

Waterman and Knutson believed that first permanent molars especially lower
molars among the other teeth are most susceptible to caries [13].

In the survey of Alwayli et al., the caries prevalence in the mandibular FPMs was
significantly higher than the caries prevalence in the maxillary FPMs. This finding
is in agreement with other studies [23, 25]. The reason expected behind this finding
is the difference in the morphology and the earlier eruption time of mandibular
compared with maxillary FPMs.

On the other hand, caries in primary molars is an important indicator for the
development of cavities in the permanent dentition, particularly in the first molar
teeth [24, 25]. The severity of the caries of primary molars may also increase the risk
of caries in the early erupting stage of the first permanent molars [26]. According to
Gray et al., the presence of three or more deciduous molars with caries at the age of
5 years was the best predictor of caries experience in the first permanent molars at
the age of 7 years [27].

The increase in the prevalence of dental caries is a result of dietary changes,
including frequent consumption of high-energy, low-cost foods that are poor in
nutrients and rich in sugar and fat and unbalanced consumption of sugar content.
The consumption rate of sweet foods for children aged 6-11 years increased from
23.1% in 2002 to 43.9% in 2012 [28, 29].

2.2 Clinical forms and complications

The caries of FPM in children is characterized by its precocity and speed of
evolution, due to the immaturity of the tissues that compose it. The carious lesions,
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often active in children, will evolve insidiously towards the chronic inflammation of
the pulp and eventually towards the pulp necrosis, which can compromise the root
edification. As a result, early diagnosis is essential [30].

The clinical examination includes both a visual examination under good lighting
and a tactile examination. Visual examination can detect advanced lesions, initial
lesions usually go unnoticed. Tactile examination allows sounding, useful for the
detection of dentinal hardness of cavitary lesions, but is found to be iatrogenic in
the detection of initial lesions [31].

In 2005, a consensus conference proposed to rationalize the visual signs of detec-
tion of carious lesions in the form of a codified system, the ICDAS (International
Caries Detection and Assessment System), which gives an idea of the demineralized
tissues and which, therefore, allows a therapeutic adapted to the tissue damage [32].
This system contains seven codes from 0 (healthy tooth) to 6 (extended dentin
caries) [33] (http://www.icdas.org) (Table1).

The ICDAS classification allows a visual diagnosis. However, it should not be
limited to this criterion alone; an assessment of lesion activity is required. It is based
mainly on two clinical indicators; the presence of plaque related to the localization
of the lesion and the tactile sensation to the sounding [33-36].

FPM caries are mainly located on the occlusal aspects of the tooth. There are, in
particular, two clinical forms of predominant carious lesions: cavities in grooves,
pits, and fissures, and hidden or surprise carie. At the proximal level, more rarely,
another form of caries called stopped is observed [37, 38].

The decay of grooves, pits, and cracks begins at the bottom of the crevice. The
complex anatomy of pits and fissures and the presence of discoloration can com-
plicate both clinical examination and diagnosis. Indeed, early lesions may not be
clinically and radiographically visible, and their early diagnosis will require new
diagnostic techniques based on fluorescence [34-37].

Hidden carie is the characteristic of immature FPM. It is located on the occlusal
aspect of the tooth and develops in the pulpal direction by extending in width under
the surface of the enamel, which appears intact. This evolution is very often done
without painful clinical signs. Detection, often very late, is done during a routine
clinical examination, when a small pertuis attaches to the probe. The radiograph
reveals, in a surprising way, the extent of the dentinal damage compared with the
usual clinical aspect of the caries [38, 39] (Figure1).

Mesial caries is often related to the progressive caries of the distal surface of the
second temporary molar. The fall or loss of this molar will allow a better hygiene
of the region and the initial carious lesion by remineralizing it which can be trans-
formed into an arrested lesion [39, 40] (Figure 2).

In the absence of treatment of the active carious lesions, the inflammation
insidiously gains the young pulp and evolves rapidly towards the necrosis. This
necrotic state compromises the continuation of root edification. Infectious prob-
lems can settle and spread to the cellulo-adipous tissues. The evolution of cellulitis
can be acute or chronic.

Serious cellulitis is the initial essentially inflammatory stage. It is characterized
by an important swelling, a feeling of impasto and diffuse heat, a spontaneous pain,
a trismus, a very painful percussion, and a positive buccal palpation.

Suppurative acute cellulitis is the progressive form of serious cellulitis in the
absence of treatment. It is characterized by the abcedation with appearance of
general signs: trismus, insomnia, difficult feeding, asthenia, sometimes aches,
paleness, fever, throbbing pain accompanied by headache, and feeling of beatings at
the swelling. The collection can be fistulized to the oral mucosa or to the skin. It can
also spread to nearby anatomical compartments and become a diffuse cellulitis that
is life-threatening [41, 42].
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ICDAS classification

Histological involvement

No demineralization

1 Visible change after drying

Demineralization limited to the external
half of the enamel

2 Visible change without drying

Demineralization limited to the internal
half of the enamel

3 Localized rupture of the enamel
without demineralization of the
underlying visible dentin

Damage of the dentino enamel junction.
Start of external demineralization of
dentin

4 Carious dentin visible by
transparency with or without
localized rupture of the enamel

external demineralization of dentin

5  Visible micro-cavity with visible
dentin

demineralization of the middle third of
dentin

6  Extended dentin caries

Demineralization of the deep third of
dentin

Table 1.
ICDAS classification.
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Figure 1.
Hidden carie on the tooth 36, with preservation of an enamel veil.

Figure 2.
Stoped caries: initial caries in mesial of the 46, likely to remineralize after the fall of the 8s.

The evolution towards chronicity can be following a badly treated bad cellulitis.
It is characterized by a painless swelling on palpation, adhering to the skin with
the presence of an indurated cord. Chronic cellulitis evolves irreversibly, with no
general or functional signs [42] (Figure 3).

2.3 Therapeutic approach

The therapeutic management of caries of FPM should be done according to the
principle of tissue economy to respect the healthy hard tissue and to preserve pulp
vitality in case of deep carious lesions.

Nowadays, the evolution of dental restoration techniques and materials pro-
vides us different therapeutic possibilities to deal with the carious lesions. The
International Caries Detection and Assessment System (ICDAS) allows a treatment
adapted to tissue involvement according to the dental demineralization degree [43].

* Remineralization techniques will be performed on ICDAS 1 and 2 by topical
application of fluoride on smooth surfaces and furrow sealing in grooves [44].

* For cavitary lesions (ICDAS 3 and 4), the treatment will involve minimally
invasive dentistry by using microdrills, aeroabrasion for occlusal cavities, and
sonoabrasion for inter-proximal cavities. The filling materials used are flu-
wable composite resins (small cavities) or micro-hybrids (wider cavities).

* For ICDAS 5 and 6, the symptomatology must be taken into consideration for
the therapeutic management of these lesions.
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Figure 3.
Chronic cellulitis velated to necrotic 36 in a 9-year-old child.

In case of deep decay that does not reach the pulp with the absence of clinical
signs, the treatment of choice is indirect pulp capping which can be done in one step
by removing the external area of the infected dentin, leaving a layer of firm internal
affected dentin in order to avoid pulp exposure during caries removal. A calcium
hydroxide is used as a base followed by a final coronal restoration [45].

Another approach can also be proposed, the “stepwise excavation” technique. It
consists in cleaning the cavity in two steps with 3-6 months interval [45]. The tooth
decay is incompletely removed at the bottom of the cavity, a calcium hydroxide is
placed then a temporary, and hermetic sealing is performed by permitting the reminer-
alization and the development of tertiary dentin [46]. A few months later, in a second
step, the intervention will remove the remaining carious tissue and leaving the place for
a harder dentin with the characteristics of an inactive lesion [45-47]. Stepwise excava-
tion decreases the risk of pulp exposure compared with direct complete excavation.

In arandomized clinical trial Bjorndal et al. (2010), it showed a survival rate of 74%
after 1 year of SW compared with 62.4% after selective removal to firm dentin [48].

If a pulp exposure occurs following dental excavation, a direct pulp capping will
be indicated in case of a spontaneous bleeding stop [46] (Figures 4 and 5). Calcium
hydroxide was widely used, but currently, the mineral trioxide aggregate and
Biodentine are recommended with excellent clinical and radiographic results up to
6 months, 1 year, and even 2-3 years for some studies [49-51].

If the FPM is symptomatic, pulp vitality is compromised and a pulp treatment
should be interesting either part or all of the cameral pulp. These pulp treatments
are universally accepted on young permanent teeth [46, 52].

The pulpotomy procedure involves removing pulp tissue that has inflammatory,
leaving intact the remaining vital non-inflammed tissue, which is covered with a pulp
capping agent to promote healing at the amputation site. Usually, pulpotomy consists
in removing the entire coronal pulp up to the cervical area. Today, the depth of tissue
removal is based on a clinical view, only tissue with profuse bleeding judged to be
inflamed or infected should be removed, and the capping material should be placed
on healthy tissue. MTA and biodentine seem to be the treatment of choice to stimulate
dentin bridge formation in young permanent teeth with exposed pulps [51-53].

There is a controversy as to the indications for performing root canal treatment
after root maturation. Prophylactic endodontic treatment is not recommended because
of the low percentage of pulp necrosis [54]. It is important to perform a permanent
restoration to prevent bacterial leakage and ensure the success of the treatment.
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Figure 4.

Direct pulp capping on the right fivst permanent immature molar. (a, b) Deep caries close to the pulp. (c, d)
Direct pulp capping with calcium hydroxide after pulp exposure. (e, f) Radiographs after 6 and 18 months of
treatment showing good evolution and apexogenesis.

There should be no adverse clinical signs or symptoms such as sensitivity, pain,
or swelling. There should be no radiographic sign of internal or external resorp-
tion, abnormal canal calcification, or periapical radiolucency post-operatively.
Teeth having immature roots should continue normal root development and
apexogenesis.

For the first immature permanent molars whose pulp is no longer vital or
necrotic, apexification treatment is undertaken to induce development and api-
cal closure. It can be achieved in two manners, either as a long-term procedure
using calcium hydroxide dressing to allow the formation of a hard tissue barrier
(Figure6), or as a short-term procedure creating an apical plug of MTA [52].
Although calcium hydroxide has properties including bactericidal action on aerobic
and anaerobic germs to heal periapical lesions [55, 56] (Figure 7), it has some
inconveniences relied to a long-term treatment and a high-risk of root fracture of
permanent immature teeth.
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Figures.

Direct pulp capping on the left first permanent molar. (a) Deep caries with pulpal involvement on the 36
asymptomatic. (b) Direct pulp capping with biodentine. (c) Radiograph after 6 months of treatment showing
favorable evolution.

Figure 6.

A};gexiﬁmtion of the 36. (a) Deep caries reaching the pulp with peripical apical lesions on the immature tooth.
(b) Endodontic treatment and root canal filling with calcium hydroxide. (c) Radiograph after 6 months of
treatment showing the favorable evolution and regression of periapical lesions. (d) Final root canal treatment
with gutta-percha after apical closure achieved after 2 years.

Despite the success of apexification, the canal walls remain short and thin
increasing the fracture risk of the tooth.

Recently, revascularization has been proposed as an alternative procedure to
treat the necrotic immature permanent teeth with open apex regardless the peri-
apical pathology. It is based on the elimination and the replacement of infected
necrotic pulp by a neoformed tissue. Indeed, the use of the capacity of stem cell
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Figure 7.

Treatment of peripical lesions of the left first permanent molar. (a) Deep occlusal caries on 36 with abscess
facing the tooth. (b) Retro alveolar showing pulpal involvement by decay and significant periapical lesions
on the mature tooth. (c) At 3 weeks of root canal treatment with calcium hydroxide, regression of periapical
lesions. (d) Final root canal treatment.

differentiation could allow a reconstruction of dental structures, root development,
and apical closure [57-59] (Figure 8).

Early diagnosis of carious lesions and the application of appropriate preventive
measures will avoid the use of heavy and often expensive dentine-pulpal treatments.

2.4 Preventive approach

The time between the eruption of the first permanent molars and the establish-
ment of functional occlusion is a critical period to protect the permanent teeth from
caries. Prevention should begin as soon as the first permanent molar erupts rather
than wait until the eruption is completed.

These facts dictate the need for caries-prevention technology, targeted at the
most susceptible tooth surfaces in the most susceptible members of the popula-
tion. First permanent molars need special attention; thus, careful preventive
strategies include fissure sealant, topical fluoride applications, and meticulous
home care [60, 61].

Fissure sealants used on occlusal tooth surfaces were introduced in 1960s for
protecting pits and fissures from dental caries. Such sealants prevent the growth of
bacteria that promote decay in pits and fissures in teeth (Figures 9 and 10).

The application of fissure sealants should be complemented with oral health
education for children, adolescents, and their families to assimilate adequate oral
hygiene habits and understand the need of regular dental appointments for primary
prevention and early diagnosis of oral diseases [21].

There is an agreement that in high-risk populations, all children should receive
sealants [62, 63].

Several sealant materials are available. Currently, the two pre-dominant types of
dental sealant nowadays are resin-based and glass ionomer cement (GIC) sealants.
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Figure 8.

Revascularization treatment on the left first permanent molar [58]. (a) Clinical status of the 36 with
temporary coronal obturation. (b) Peroperative radiography: short immature roots with periapical
radiolucency. (c) 3 weeks after canal disinfection and blood clot, MTA was applied and stainless steel crown
was placed. (d) 10 months follow-up, periodontal healing, with the disappearance of radiolucency from the
mesial root canal. (e) 14 months follow-up: thickening of the root and beginning of canal obliteration.

For high-quality resin sealant placement, electrically powered dental equipment
and good clinical conditions are required. However, this may be difficult to achieve
in regions, where access to modern dental clinics is limited. This problem may be
overcome by using GIC sealants because they can be placed without the use of
electrically powered dental equipment [64].

When considering fissure sealants, the earlier the application is performed, the
more effective they are. Therefore, in children, fissure sealants are recommended
to be applied soon after tooth eruption, mainly at the level of the first permanent
molars. Studies have shown that fissure sealants applied both in clinics and schools
are highly effective in preventing dental caries, reducing caries in pits and fissures
up to 60% for 2-5 years after its implementation [65].

Numerous studies have investigated the clinical effectiveness of fissure sealants,
and this has been the subject of a Cochrane review. A meta-analysis of seven studies
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Figure 9.
First permanent molar with deep pits and fissures and important accumulation of plaque.

Figure 10.
After sealant application.

comparing sealed teeth to untreated controls demonstrated caries reductions rang-
ing from 87% at 12 months to 60% at 48-54 months [66].

Several studies have demonstrated that the effectiveness of fissure sealants
depends on the longevity of sealant coverage, that is, clinical retention [20].

In terms of retention and the need to reassess sealants within a year after place-
ment, it is very important to adequately isolate the teeth. Salivary contamination is
the major cause of sealants loss in the first year [67, 68].

The retention of resin sealants was good on average in all studies at each follow-
up. After 12 months of follow-up, resin sealants were retained completely in 79-92%
of cases. The corresponding retention after 24 and 36 months of follow-ups for resin
sealants was 71-85 and 61-80%. There is an evidence in the literature regarding fis-
sure sealants’ effectiveness in caries prevention and control, for both individual and
community-based interventions for children and adolescents [20, 69-71].

In field conditions where isolation control is difficult, using a material less
affected by humidity, it gives significant advantage [72]. In fact, fissure restorers
with glass-ionomer-based chemical hardening feature applied in recent years in
field conditions displayed a better cavity prevention performance compared with
antiresins [73].
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Fluoride varnishes have also been marketed since 1960s and comprise a topi-
cal medication, which is painted onto the tooth surface. They contain a high
concentration of fluoride (22,600 ppm) and are licensed for application by dental
professionals. The varnish forms a quick-setting base which subsequently releases
fluoride.

The aim of topical fluoride varnish application is to treat hard tooth surfaces
in such a way that caries is arrested or reversed. Fluoride acts to prevent caries in
three ways: by inhibiting the demineralization and promoting the remineralization
of dental enamel, and by inhibiting acid formation by bacterial plaque especially
before the complete eruption of the teeth.

Sometimes, topical fluoride has been combined with sealant application to
strengthen overall effectiveness in the prevention of dental caries [74].

At the end of 4 year period, Songpaisan et al. based on a study conducted in
Thailand found that pit and fissure restorers provided a much more superior
protection than fluoride protocols applied individually. It was also seen that glass
ionomer fissure restorers provided a better protection than the fluoride gel [75].

Data from three randomized controlled trials suggest that in children and
adolescents with sound occlusal surfaces, the use of pit and fissure sealants com-
pared with fluoride varnishes may reduce the incidence of occlusal carious lesions
in permanent molars by 73% after 2-3 years of follow-up (OR, 0.27; 95% CI,
0.11-0.69) [76].

3. First permanent molar abnormalities

Several factors can disrupt the development of PMP. Depending on when these
disturbances occur, anomalies in number, shape, size, or structure may be observed.

Among these, MIH remains the most commonly encountered and described
anomaly today.

3.1 Molar-incisor hypomineralization
3.1.1 Epidemiology

Molar incisor hypomineralization, conventionally known by the acronym MIH,
corresponds to the qualitative defects of the enamel, of systemic origin, affecting
one or more first permanent molars, often associated with defects on one or more
incisors [77].

The involvement of the second temporary molars and cuspidian tip of the
permanent canines has also been described [78].

The prevalence of MIH varies considerably according to studies ranging from
2.4% in Germany [79] to 2.5% in China [80] and to 40% in the United Kingdom
[81]. In Africa, studies in Libya, Morocco, Kenya, and Nigeria reported the preva-
lences of 2.9, 7.9, 13.7, and 17.7%, respectively [82-85]. According to a recent meta-
analysis published in 2018 [86], the global average prevalence is 13.1% with 17.5
million new cases estimated in 2016, of which 4.8 million require management.

While the prevalence of MIH is comparable between the two sexes [82, 87], the
location of defects by arch and by sector remains variable. It seems that the risk of
incisor damage increases with the number of molars affected. Cho et al. reported, in
2008 [80], an incisor participation of 62.5% for cases with the four affected molars
versus 36% for children with single molar involvement. In a study conducted in
Casablanca [82], the high number of children with the first four permanent molars
affected (84.7%) may explain the high incisor participation found (92.94%).
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3.1.2 Risk factors

The precise etiology of MIH stills unknown. The probable systemic origin is
probably multifactorial and with a possible genetic component. The pre-natal
factors involved are urinary tract infections, vitamin D deficiency, and the use of
antiepileptic medications during pregnancy. In the perinatal period, we could note
cesarean delivery, delayed delivery, and prematurity. Post-natal causes are related
not only to early childhood diseases such as repeated fevers, ear infections, pneu-
monia, asthma, and gastrointestinal disorders, but also the exposure to bisphenol A
or dioxin and frequent use of antibiotics [88-90].

3.1.3 Diagnosis

The clinical aspect of the lesions is characteristic. These lesions are white, yellow, or
brown opacities, well-defined with a clear demarcation between the affected enamel
and the healthy one. They are located in the occlusal and/or incisal third, which may
extend over a more or less important area of the coronary surface. These lesions are
asymmetrical and the severity of the lesions is very variable. In severe cases, the affected
molars suffer from masticatory forces, a post-eruptive fracture of the fragile enamel
resulting in substance loss, hypersensitivity, and the development of carious lesions.
Affected incisors, often unsightly, have fewer complications [77, 78, 91] (Figure11).

In order to standardize and facilitate the diagnosis of MIH, the European
Association of Pediatric Dentistry (EAPD) has been adopted, since 2003, five criteria
that are the presence of delimited opacities, post-eruptive enamel loss, atypical restora-
tions, extraction of first molars associated with incisor damage in a patient at low risk of
caries, and the absence or delay of eruption of first molars or permanent incisors [92].

Since 2016, an international working group, the Wurzburg MIH work group, has
been introduced the MIH treatment need index (MIH TNI) to assess the severity of
MIH with a score based on the presence or absence of sensitivity and the extent of
clinical destruction with the ultimate objective of proposing a therapeutic approach
based on this index [93].

The MIH should not be confused with other structural abnormalities of the
enamel, whether of hereditary or acquired origin, namely imperfect amelogenesis,
fluorosis, and especially enamel hypoplasia, for which the limits of substance loss
are rounded and bordered by a well-mineralized enamel, unlike the MIH where the
edges of substance loss are sharp and bordered by a hyperomineralized enamel [94].

3.1.4 Treatment

The management of MIH is a real challenge for the practitioner for several rea-
sons. The affected teeth are difficult to anesthetize because the pulp has histological

Figure 11.

(a, ¢) MIH involving the four FPM with post-eruptive fracture and carious complication in an 11-year-old
patient suffering from a digestive disease. (b) Asymmetrical lesion of tooth 11 with white opacities, well-defined
and located in the incisal third of coronary surface.
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features responsible for chronic inflammation, most often requiring the use of trun-
cular, intra-ligamentary, or transcortical anesthesia. The limits of the preparation
during caries excavation are difficult to determine since the practitioner remains
divided between the desire not to be too invasive and the need to remove all the
hypomineralized enamel to ensure the durability of the restorations. The anxiety

of patients suffering, on the one hand from hypersensitivity to hot, cold, and tooth
brushing and on the other hand from repeated care due to the more delicate adher-
ence to the enamel structure, remains difficult to manage and often involves the use
of conscious inhalation sedation [78, 95].

Several therapeutic options are possible depending on the patient’s age and
cooperation, the severity of the disease, pulp involvement, orthodontic diagnosis,
long-term prognosis, and the cost of treatment [96].

For mild abnormalities with a smooth enamel surface, the application of fluoride
varnish and sealing of the grooves is recommended (Figure 12). When abnormali-
ties are moderate with one or both affected surfaces without affecting the cusps, the
teeth are restored with the composite by direct method [97].

In the case of severe MIH, direct restoration has certain mechanical limitations and
perfect restoration of the tooth anatomy is difficult to achieve. Preformed pedodontic
copings (PPC) and bonded indirect partial restorations (BIPR) in the form of onlays,
overlays, or inlays are then indicated (Figure 13). PPCs remain simpler to implement,
less expensive with a high success rate. However, they must be replaced by a peripheral
crown in adulthood. For BIPRs, they are made using composite or ceramic materials
in two stages or even in a single session if computer-aided design and manufacturing
(CAD/CAM) is used. In young patients, composite BIPRs are preferred because it
allow repairs by direct composite addition, allow thinner restorations, present less risk
of fracture, and their esthetic appearance remains satisfactory [96].

For very severe abnormalities, it is sometimes more appropriate to extract the
tooth. Nevertheless, it will be necessary to choose the ideal moment to allow the
second permanent molar to make a spontaneous mesial eruption instead of the first
extracted molar. This moment corresponds to the period of formation of the furcation
zone of the second permanent molar visible on a panoramic radiograph. However,
orthodontic consultation is recommended [98, 99].

The MIH remains a frequent, progressive abnormality that can lead, in the
absence of treatment, to the total destruction of the tooth. Thus, only early diagno-
sis, adequate care, and regular follow-up can keep the 6-year-old tooth on the arch
and allow it to play its full role in children.

3.2 Other abnormalities of the first permanent molar

The FPM may be affected by other rare abnormalities: anatomical, eruptive, or
agenesis.

Figure 12.
(a) MIH involving the upper FPM in a 6-year-old patient with HIV infection. (b) Sealing of the grooves and
application of fluoride varnish.
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Figure 13.

(i aﬁc) Severe MIH with incisive involvement in an adolescent with mental retardation. The four FPM are
affected with post-eruptive fracture on 16, 36, 46, and carious complication. (d—f) Reconstruction under
conscious sedation of teeth 16, 36, and 46 using preformed pedodontics caps after the preservation of pulpal
vitality by indivect capping. Restoration of teeth 21 and 26 with the composite by direct method.

(g) Radiographic control of lower left sector.

3.2.1 Anatomical abnormalities

The first upper molar has a very stable anatomy with strongly expressed ana-
tomical characteristics. However, some variations have been described for the
Carabelli’s tubercle; mesio-distal accessory cuspidian tubercle can have a high
variability in shape and volume [100].

The Bélk tubercle, which is sometimes present on the buccal aspect of the
tooth or at the mesio-buccal angle of the second upper molar, can exceptionally be
observed on the upper FPM (Figure 14). The presence of an accessory root can be
associated with a large Bolk tubercle (Figure 14b).

As for the lower FPM, it may have anatomical variabilities that mainly concern
the number of cusps, which can vary from four to seven cusps instead of the usual
five cusps [100] (Figure 15).

These morphological abnormalities can interfere with good oral hygiene and are
a factor in susceptibility to carious disease. Early diagnosis allows the implementa-
tion of preventive measures based on sealant.

Root abnormalities are quite numerous, either in direction and number or in
shape and size. Taurodontism is also a particular variety of root-shaped abnormalities
(Figure 16).

3.2.2 Eruption abnormalities

Ectopic eruption of the FPM is a phenomenon that affects 3-4% of the popula-
tion and is mainly observed in the upper FPMs [101].
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Figure 14.
(a) Very developed Bolk tubercle on the mesio-buccal angle of the upper FPM in an 11-year-old girl. (b)
Accessory root associated with this wide tubercle.

Figure 15.
Lower FPM with an unusual number of cusps and grooves.

Figure 16.
The four FPMs and the second temporary molars have taurodontism.

It corresponds to an evolution according to an abnormal mesial trajectory, thus
causing the pathological resorption of the disto-buccal root of the adjacent second
temporary molar.

Interception of the ectopic eruption of the FPMs is essential to avoid permanent
tooth blockage and the loss of space prejudicial to the eruption of adjacent premo-
lars causing malocclusions [102].

Inclusion is the most common eruption abnormalities encountered. Its incidence
varies from 5.6 to 18.8%. The upper canines, FPMs, and lower lateral incisors are the
most prone to inclusion [103]. The inclusion of FPMs can be isolated or associated
with complex syndromes (Figure 17).
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Figure 17.
Retention of FPMs in an 8-year-old givl with an unlabeled syndrome.

(R o

Figure 18.
12-year-old patient with agenesis of lower FPM, lower incisors, and upper lateral incisors.

3.2.3 Agenesis

Agenesis consists in the absence of the development of a dental germ. The
prevalence of dental agenesis varies from 3.4 to 10.1% depending on the country.
It mainly affects the permanent teeth. The most frequently affected teeth are the
lower second premolars, upper lateral incisors, and upper second premolars.

The agenesis of superior FPMs is rare with a prevalence of 0.01-0.04% [104].
It can be observed in the context of oligodontics associated with rare diseases
(Figure 18).

4. Conclusion

The vulnerability of the first permanent molar exposes it very early to carious
disease and its complications.

Therefore, in children, this tooth must be given special attention by the prac-
titioner in order to assess the carious risk, detect and intercept any early lesion,
provide appropriate treatment, and ensure regular follow-up.

Collective prevention measures in schools are also needed to reduce the preva-
lence of carious disease.
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Abstract

In the daily practice, the orthodontist may be confronted with particular clinical
situations with one or more missing teeth. This can complicate the therapeutic plan
and influence the choice of possible extractions imposed by treatment require-
ments. In case of permanent molar absence, making decision becomes even more
delicate. The practitioner must use his/her critical sense and clinical common sense
to make the right choice between closing and redeveloping the residual spaces.

Its choice must meet the patient’s expectations and correct the clinical problem
without risking overtreatment, or extending duration care. Several factors guide
the therapeutic decision, ranging from the patient’s age to economic factors, not to
mention the technical complexity, therapeutic predictability, and patient comfort,
which determine proper compliance and therefore success. In this chapter, we will
focus on these decision-making factors by determining the scientific evidence level
in terms of success, survival, and patient-centered outcomes (quality of life and
functional efficiency).

Keywords: missing permanent molars, first permanent molar,
second permanent molar, orthodontic management, decision factors, adult,
children, space closure, space reopening, multidisciplinary treatment

1. Introduction

Orthodontic treatment aims globally to improve dentofacial esthetic and
stomatognathic system functions in harmony with the patient’s wishes. To achieve
these objectives, inter- and intra-arch occlusion is the guiding field of action.
Therefore, any orthodontic movement must be carefully considered including in
the molar area. Indeed, permanent molars are considered as significant determi-
nants for normal tooth development and facial growth [1, 2]. They play a central
role in the mastication of food, in supporting the vertical dimension of the face,
and as anchorage teeth against orthodontic forces [3]. Moreover, posterior dental
contacts are important to adapt and coordinate growth between the mandible and
maxilla and a lack of chewing function in children will disrupt their maxillofacial
growth [1, 4]. Hence, every orthodontist must ensure a well-thought-out manage-
ment of missing molar spaces mostly in children.

193 IntechOpen



Human Teeth - Key Skills and Clinical Illustrations

The molar missing may be primary, due to the agenesis phenomenon, or sec-
ondary to extraction not compensated by prosthetic rehabilitation. It complicates
decision-making process, since the orthodontist’s first vocation is to balance dento-
facial pattern with a better cost-benefit ratio, especially in young patients. What is
more, molar absence is generally accompanied with other complicated dental and
skeletal problems, which affect treatment planning and outcomes.

Molar agenesis may be an isolated anomaly or associated with particular syn-
dromes. It is an uncommon clinical condition not well documented in the literature.
Moreover, it has also been reported that anterior agenesis may depend more on
genes while posterior missing might be sporadic [5]. Its prevalence rate has been
reported to fluctuate between 0 and 0.05% in the general population for the first
permanent molar (FPM) [1] and to revolve around 0.8% for the second permanent
molar (SPM) [4]. This phenomenon was reported to be associated with a higher
prevalence of other permanent tooth agenesis and advanced tooth agenesis [3].
Consequently, when treating patients with molar agenesis, the orthodontist should
consider that observed alterations of craniofacial dimensions might occur beyond
the variations associated with age and gender [6].

On the other hand, in case of acquired lack of molars, many factors can be incrimi-
nated. Carious lesions, dental hypoplasia including molar-incisor hypomineralization
(MIH), and periodontal disease are the major concerns [7, 8]. Several authors have
dealt with the best time to extract first permanent molar when this is unavoidable in
the young patient. There is only little scientific evidence about the extraction timing in
order to minimize unwanted negative effects. In a recent meta-analysis [6], authors sug-
gested that it is when the second permanent molar is at Demirjian stage E. Otherwise,
several consequences can occur and if orthodontic need arises, the treatment plan can
be complicated or modified to adapt to these modifications, especially in adults.

In this section, we will address the main etiologies and dentoskeletal conse-
quences of molar missing and focus on decision-making factors related to orth-
odontic management of residual space of one or several missing molars. We will
discuss some clinical situations to illustrate this topic.

2. Problem statement

The consequences of permanent molar extraction and all consequences and treat-
ment considerations have been largely discussed in the literature for the first molar.
Second molar is less commonly addressed. Currently, the majority of first permanent
molars are extracted because of dental caries [9]. The eruption of the first permanent
molar occurs, as its name suggests, around the age of 6 years. Its early eruption, as well
as the immaturity of its histological components and its occlusal anatomy (grooves,
pits, and fissures), makes it vulnerable to various microbial, periodontal, or structural
pathologies, and more prone to possible premature extraction before 15 years [6, 10].
The period between the eruption of the tooth and the definitive maturation of its histo-
logical components, especially that of the enamel, is considered to be cario-susceptible.

As said above, permanent molars act as a guide for the permanent teeth since
they control the establishment of dental occlusion and participate in the maxillary
growth and physiology of the mandibular apparatus. Therefore, loss of permanent
molars without any remedy could disturb the developing dentition, generate
numerous malocclusions, and affect dental health [6]. It typically leads to occlusal
disturbances by pathological migration of neighboring teeth and periodontal
lesions as alveolar melting or false periodontal pocket adjacent to the tipped teeth
which is induced by bone contour remodeling following the cementoenamel junc-
tion [11] (Figures1-3).
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These complications are all the more serious, as the period of molar absence on
the arch is extended; hence, the importance of the multidisciplinary approach with
a large communication between the pediatric dentist and the orthodontist in order
to establish the best care and to plan potential extraction, which is useful to correct
discrepancies and prevent the development of malocclusions [10].

For managing this space problem, the orthodontist can adopt two therapeutic
strategies including space reopening or space closing. The orthodontist ought to use
his/her critical sense and clinical common sense to make the right choice, which
must not only take into consideration dental arch length and occlusion [12] but also
all the technical and biological specificities of treated case. Space can be reopened
for implant insertion, autotransplantation, and prosthetic restoration; while space
closing can be undertaken to correct the other associate malocclusions. Either way,
his/her choice must meet the patient’s expectations and correct the clinical problem

Figure 1.
Case of MIH in a 11-year-old boy, with severe molar damage and loss of 26. We can observe displacement of
second left upper molar: (a and b) lateral occlusion views; (c) occlusal view of maxillary arch.
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Figure 2.

Orthopantomogram (OPG) of an adult showing the absence of 16 and 26 with version and false periodontal
pocket in the mesial side of 17 and 27. We can note the low floor level of the right maxillary sinus, which may
complicate orthodontic mesial movement of posterior teeth.

Figure 3.
Case of an adult with multiple molars missing. The over eruption of 17 is due to no-compensated extraction of 47.

without risking overtreatment, or extending duration care, especially since patients
with missing molars often need a compensatory treatment in the opposite arch.

Besides, some authors [11, 13, 14] claim that space closure by molar orthodontic
movement is time-consuming and more problematic mainly in the mandibular
arch and in atrophic extraction sites exhibiting a reduction in vertical height and a
decrease in width of the residual ridge. The orthodontist must avoid teeth tipping,
damage of the gingiva and marginal bone. Hence, this decision requires confronta-
tion with the alternative prosthetic treatment especially in old adults who usually
show less bone apposition around moved molars into the narrowed space, and poor
stability of the closed space, leading in some, if not several, cases to an orthodontic
compromise. Nevertheless, fixed appliances can achieve excellent outcomes at differ-
ent ages following permanent molars’ loss particularly with the advent of temporary
anchorage devices. Studies have reported that posterior spaces have been closed by
protracting posterior teeth, which prevent detrimental effects without reopening of
the edentulous spaces or increased pocket depth in the follow-up period [15]. In case
of related orthodontic abnormalities, it is necessary to use all or part of the space
given by molar extraction to correct the dysmorphy. A golden rule is to determine the
anchorage value and location as well as any associated auxiliary devices.

On the other hand, before any prosthetic rehabilitation succeeding space
redevelopment, the practitioner has to upright and to parallelize the adjacent teeth
in order to gain sufficient space, even apically at the root level [14]. Moreover, in
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these cases, wisdom teeth are often removed [16]. Consequently, the orthodontist
has always to wonder which of the two options is better: (a) close residual molar
space to control the wisdom tooth positioning or (b) remove the third molar and
place a prosthesis on the missing molar, which is more expensive. Obviously other
biomechanical considerations must be taken into account, to be explained later.

On another note, over the years of craniofacial growth, teeth and their support-
ing tissues are able to adapt to functional demands. Thus, continuous changes are
observed after tooth missing, and the orthodontist has to choose optimal treatment
for his/her patient taking into account several decision factors. In his literature review
[14], Thilander has shown that both closure and space opening alternatives have their
advantages as well as disadvantages, but the evidence base is weak, with currently
no randomized trials reporting on the outcome of different interventions [9]. More
research is needed with relevant clinical follow-up, varying craniofacial morphology,
different ages, and large sample. This will be of great value for comprehension of
tissue reaction to orthodontic space management and continuous changes of the den-
tition and its supporting tissues. From then on, treatment choice can be standardized.

3. Clinical features

The direct consequence of molar extraction is the creation of a 10- to 12-mm dia-
stema. The movements of the neighboring and antagonistic teeth will cause occlusal
and periodontal imbalance. It was reported that post-extraction migration occurred
in the following ways: over eruption of opposing teeth, horizontal migration of
neighboring teeth, space reduced by tipping, dual drift (horizontal and vertical),
or complete space closure [6]. In addition to this, authors investigated contour
changes of the alveolar processes of posterior extraction sites and demonstrated a
reduction in width of the residual alveolar ridge of up to 50% during a 12-month
healing period, of which two-thirds of the reduction occurred within the first
3 months of healing in [17]. In case of an extraction on one arch, the opposing tooth
can significantly over erupt (Figures 4 and 5). In general terms, malocclusions are
complicated by the early loss of a first permanent molar without treatment [10].

Moreover, sinus pneumatization was identified after extraction of maxillary
posterior teeth. This phenomenon occurs within 4-6 months of healing duration,
and is caused by atrophy associated with the replacement of dental socket by non-
functional bone [18, 19]. The expansion of the sinus was larger following extraction
of teeth enveloped by a superiorly curving sinus floor, extraction of several adjacent
posterior teeth, and extraction of second molars in comparison with first molars [19].

A systematic review reported that the post-extraction space of first permanent
molar was closed mostly by the SPM rather than by the second premolar [6]. For
certain authors [20, 21], no significant relation was found between patient Angle’s
Classification or the timing of FPM extraction based upon SPM development stage
and complete spontaneous space closure in both arches, contrary to the usual rec-
ommendations indicating that the ideal time for FPM extraction, with fewer unde-
sirable consequences, is when the SPM is at Demirjian stage E (early bifurcation)

[6, 9]. For these authors, apart from extraction timing of the FPM, the presence of
the third permanent molar, mesioangulation of the SPM in relation to the FPM, and
the engagement of second premolar in the bifurcation of the second primary molar
are better predictors of spontaneous space closure of the FPM mainly in mandibular
arch where closure space is more problematical and leads frequently to mesial tip-
ping and distobuccal rotation of the SPM or angulation and distal movement of the
second premolar. This might be due to the differences in the eruption paths of SPM
in the mandible and maxilla [10].
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Figure 4.
Over eruption of tooth 16 after extraction of tooth 46.

Figures.
OPG of the same patient showing the consequences of extraction of tooth 46: over eruption of 16, distal
displacement of 45 germ and slight mesial displacement of 47.

The occlusal and skeletal consequences in the vertical direction after extraction of
FPM were much discussed. Some authors noted counterclockwise rotation of the occlu-
sal plane and an improvement in infraclusion [6, 13] but most studies did not notice a
significant influence on the vertical dimension [6]. Also, there was no significant effect
described on the maxillomandibular relationship in the anteroposterior direction.

Furthermore, it was stated that the FPM and SPM extraction accelerated sig-
nificantly the development and eruption of the third molars when a posterior space
is created [13, 22-24] and led to lingual tipping and retrusion of incisors mostly in
lower arch [6]. However, some authors have discussed the effect of various extrac-
tion patterns on provision of space both anteriorly and posteriorly within the arch
and they highlighted the fact that FPM extraction seems to have less effect on the
profile than premolar extraction [13].

Finally, in the aforementioned systematic review, the authors concluded that the
published studies have too many weaknesses to draw sufficient evidence. Therefore,
further prospective studies are needed to investigate the consequences of FPM
extraction and to confirm the ideal time of this extraction.
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4, Treatment choices

In patients with missing molar, a standard treatment plan does not exist. There
are essentially two orthodontic treatment approaches to manage this problem,
which are space closure or reopening for prosthetic replacements, and implant or
autotransplantation. Several elements guide the therapeutic decision, ranging from
the patient’s age to economic possibilities, not to mention the technical complexity,
therapeutic predictability, and patient comfort, which determine proper compli-
ance and therefore success.

Patients with missing molars often manifest with many underlying skeletal and
dental problems and a multidisciplinary approach is recommended and depends on
several factors. The amount of crowding, type of malocclusion, facial profile, age
of the patient, periodontal conditions, bone volume in alveolar process, vertical or
horizontal growth pattern, the number of missing teeth, and the available space
should be considered in treatment plan [5]. Moreover, all the consequences that
occurred after an old extraction must also be taken into account since they deter-
mine the choice of the biomechanical system.

The main advantage of the space closure resides in the fact that the whole treat-
ment can be finished immediately after completion of orthodontics. When pos-
sible, it must be systematically preferred because better longer term outcomes can
be achieved without growth-related infraocclusion, blue coloring of the gingiva, or
periodontal problems as the tooth has displaced along with its supporting tissues
[5]. Additionally, orthodontic space closure will reduce the financial expenses for
the patient along with resolving arch crowding or anteroposterior malocclusion.
Nevertheless, space closure is one of the most challenging approaches to molar
extraction cases [13]. Like any treatment, this procedure presents indications and
contraindications that have to be rigorously considered. For example, in hypodiver-
gent patients, the closure of the space cannot be indicated due to the muscular and
cortical anchoring, making it difficult or impossible to move the molars horizon-
tally and to reduce the overbite [25]. Likewise, the practice of compensating and
balancing the extraction of lost permanent molars along with space closing should
be discussed. It aims to preserve occlusal relationships and arch symmetry within
the whole dentition. A compensating extraction is the removal of a permanent
molar from the opposing quadrant, while a balancing extraction signifies the
extraction of a permanent molar from the opposite side of the same dental arch [9].
The long-term prognosis of the remaining permanent molars, the developmental
status of the dentition including third molars as well as the underlying malocclu-
sion were the main decision factors for or against balancing and compensating
treatment [9, 13].

As regards patient age, this result is of great interest for a young adult or an
adolescent by guiding the erupting teeth into a stable occlusion and can be consid-
ered a cost-effective alternative to complex restorations that require replacement
over the life span [20]. Indeed, despite cessation of statural growth, vertical growth
of the face permits continued teeth eruption past puberty and could adversely affect
the alignment of teeth after orthodontic therapy. Facial growth in the horizontal
plane is ended significantly sooner than growth in the vertical plane predominantly
in patients with vertical growth patterns [26]. Accordingly, if an implant is placed
before growth and eruption completion, it will become in infraocclusion, as it
behaves like ankylosed teeth while the adjacent teeth continue to erupt. The magni-
tude of the vertical changes after age 20 seems to have little clinical importance [26].

In other words, in case of residual molar space in children, it is largely indicated
to choose closure option in order to avoid all restrictions related to the periodontal
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immaturity. In other cases where the extraction space is preserved in growing
children, autotransplantation of the tooth is preferable to the implant option [25].
However, other parameters must be studied before deciding treatment plan.

On the other hand, in adults undergoing comprehensive orthodontic therapy,
coexisting dental and periodontal problems require multidisciplinary treatment
approaches to manage malocclusions often complicated by the migration of adja-
cent teeth into the extraction sites. Periodontal defects, multiple missing teeth, and
atrophic extraction sites make it difficult to close all the extraction spaces, which
require remodeling of cortical bone [11]. Also, adults show less bone apposition
when moving molars into the narrowed space, poor maintenance of the closed
space, and, in some cases, resorption of the second molar roots when moved in
place of first molar [11]. Duration of treatment has to be considered and adapted to
patient needs. For these reasons, the placement of an implant may be the treatment
of choice for adults with missing molars. Be that as it may, this proposition may
be in some instances valid for an adult patient whose biological and biomechani-
cal therapeutic specificities must be kept in mind. Precise 3-D control of tooth
movement during closure of extraction spaces is very important in meeting treat-
ment goals. Second molar protraction is time-consuming and relatively difficult.
Therefore, this treatment option may be justified only when the periodontal health
of the protracted second molar is not compromised [24]. Protracting the molars
may be advantageous for the patient by increasing alveolar ridge width that had
previously been lost in the edentulous space. It should ideally be done before signifi-
cant vertical bone resorption occurs [27]. In respect of orthodontic force system,
bodily movement of molars can be obtained by using temporary skeletal anchorage
devices and rational biomechanics [24]. Several authors have reported some useful
clinical tips and tricks that surround providing this therapy [11, 13, 15, 27]: a long
buccal hook, an uprighting spring, a toe-in bend in the posterior portion of the
archwire with constriction, or a balancing lingual force can be used to prevent side
effects such as posterior tooth tipping, mesial rotation, and buccal sweep.

Regardless of the chosen option, the fate of wisdom teeth must be assessed. The
final success of the treatment depends on its satisfactory positioning [16]. So, it s
important to evaluate angulation, eruption space, root developmental stage, and
periodontal status of this tooth before deciding to close molar space [27]. Actually,
space reopening is indicated when the wisdom tooth is absent.

Furthermore, closure can be difficult, in the maxillary posterior area with sinus
proximity, because tooth movement through the maxillary sinus is limited. The
increased difficulty of moving teeth in the maxillary sinus is similar to moving a
tooth in the atrophic posterior mandibular ridge. In severe cases, the pneumatiza-
tion can extend completely to the alveolar bone adjacent to the gap. This not only
makes it difficult to move teeth through the sinus but also to place an implant
without sinus wall lifting surgery [18, 19]. Closing the space should not be chosen
as the usual treatment method, as it extends the duration of the treatment without
predictable results.

5. Clinical cases

In this section, we will review some clinical cases with one or more missing
molars and will justify our therapeutic choices for each situation.

5.1 Case presentation

Case no. 1 (Figures 6-9).
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Figure 6.

Pretreatment intraoval photographs of a 32-year-old woman with 36 and 46 missing. We can note mesial
tipping of 37 associated to a mesiolingual rotation. The space of 36 is move closed than that of 46. (a and c)
Buccal occlusion views, (b) Frontal occlusion view, (d) Occlusal view of the lower arch.

Figure7.
Radiographic image of the mesial tipping of teeth 37 and 47, after extraction of lower FPM. Pseudo-pocket was
formed adjacent to 37. Tooth 28 is absent.

Figure 8.
Intraoral photographs of treatment progress. Extraction site of 36 was closed along with reopening of 46 space.
(a) Frontal occlusion view, (b and c) Buccal occlusion views, (d) Occlusal view of the lower arch.
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(a) (b)
Figure 9.

Root correction and mesializing spring used to close left lower space with miniscrew-reinforced anchorage.
(a) Buccal left occlusion view, (b) Design and activation of the spring used.

Case no. 2 (Figures 10-13).

Figure 10.
This case of an adult shows dilapidated 46 with slight over eruption of 16 but not remarkable drifting of 47.
(a and c) Buccal occlusion views, (b) Frontal occlusion view, (d) Occlusal view of the lower arch.

Figure 11.
OPG showing diffevence in molar level at the upper right side. Tooth 46 was unpreservable and enforced
extraction was indicated.
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Figure 12.
Orthodontic treatment was undertaken with the objective to correct the malocclusion while keeping the 46

space.

Figure 13.

Posttreatment illustrations. Correction of the dentomaxillary abnormality and prosthetic vestoration of missing
46. (a and d) Buccal occlusion views, (b) Frontal occlusion view, (c) Occlusal view of the lower arch, (e)

OPG showing the parallelism of the root axes, (f) Occlusal view of the mandibular arch with the provisional

prosthesis of 46.
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Case no. 3 (Figures 14 and 15).

(b)

(d)

Figure 14.
Case of 47 extraction with large alveolar ridge and no notable migration of opposite and adjacent teeth, except
for 48 that slightly drifted mesially. (a and d) Buccal occlusion views, (b) Frontal occlusion view, (c) Occlusal

view of the lower arch.

(d)

Figure 15.

Lower molar space closure was chosen. After mesializing tooth 48 in place of tooth 47, teeth 46 and 48 have
been united to prevent space reopening in waiting for adaptation of periodontal ligament fibers. (a and d)
Buccal occlusion views, (b) Frontal occlusion view, (c) Occlusal view of the lower arch.
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Case no. 4 (Figures 16 and 17).

Figure 16.

Case of dentoskeletal class II with absence of 16. We can observe mesial tipping and mesiopalatal rotation of
17. The width of edentulous alveolar ridge was not very narrow. (a) Frontal occlusion view, (b and c) Buccal
occlusion views, (d and e) Occlusal views of the upper and lower arches.

Figure 17.

Posttreatment intvaoral photographs. Remaining space was used to correct dental class 1I relationship and
to mesialize 17 in place of 16. In the left side, first bicuspid was extracted. Extraction of 48 was indicated to
compensate upper right molars’ mesializing. (a) Frontal occlusion view, (b and c) Buccal occlusion views,
(d and e) Occlusal views of the upper and lower arches.
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5.2 Case discussion

In all the cases presented above, the molar missing was due to dental decay.
Indeed, it is the most common infectious disease worldwide [6]. According to the
World Health Organization (WHO), 60-90% of school children have dental caries
[6]. The molars are the most affected teeth as they evolve early.

When planning orthodontic treatment with molars missing, the patient age
correlated to the amount of residual space, even apically, and the wisdom tooth
condition are main decision factors described in the literature [1, 9, 16]. Patient
wishes and cooperation must also be taken into account.

Case 1 concerns an adult woman who had chief complaints of upper incisors
protrusion and smile asymmetry. She also wanted to resolve the residual mandibular
spaces of missing 36 and 46 by the same orthodontic treatment. According to some
authors [28], the ideal dimensions for the closure of the lower molars’ spaces are
6 mm or less for the mesiodistal space and 7 mm for the buccolingual width. In
this clinical case, the 36 space was almost closed. Furthermore, since tooth 28 was
absent and tooth 18 was in functional occlusion, the treatment plan consisted of
reopening the 46 space and completely closing that of 36. Also, due to mesial tipping
of teeth 37, the mesializing movement was performed at the same time as the root
correction using a miniscrew-supported spring. Temporary anchorage devices were
indeed widely described and reported to be efficient in achieving accurate control of
anchorage [15, 29] provided that the orthodontists master their biomechanics well.
In case 3, as the space of lost 47 was quite large and the orthodontic abnormality not
very complicated, the ideal choice was to maintain 47 space and a prosthetic rehabili-
tation. However, because of the absence of 18 in addition to a low economic profile of
the patient, the residual space of 47 was closed at the expense of treatment duration.

In case 2 of an adult patient, all wisdom teeth have evolved and there was no
need to extract to correct the anomaly. Thus, orthodontic treatment was undertaken
while keeping the 46 space for a subsequent prosthetic restoration. By contrast, in
case 4 that required premolars’ extraction, remaining space of tooth 16 was used to
mesialize 17 in place of 16 and to correct dental class II relationship with retraction
of anterior teeth instead of taking out right first bicuspid.

In summary, in case of orthodontic management of molar absence, whether the
residual space is closed or maintained, the control of the orthodontic movement
including control of anchorage units and vertical forces as well as axial tipping and
rotations is crucial to the success of the chosen therapeutic option [28].

6. Conclusion

In case of missing molars, orthodontic solutions consist of either closing or
opening the space. A careful case assessment must be undertaken before treatment
to ensure that the benefits of treatment will outweigh any potential risk of the treat-
ment decided upon.

Space closure remains the best choice if the suitable conditions, notably in chil-
dren whose prosthetic rehabilitation is still problematic and should be postponed
until the growth and eruption process is completed. In adult patients, biological
and psychological characteristics must be taken into account to achieve expected
outcomes.

The decision-making process depends also on other factors like concomitant
malocclusions, third molar development, absence of other teeth, and patient com-
pliance. An orthodontic treatment based on reasoned biomechanic principles will
help accomplishment of initial objectives in accordance with patient expectations.
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In the majority of cases, treatment is complicated by all the side effects of the
uncompensated absence of molars. Management is sometimes a veritable chal-
lenge. Hence, the prevention and early multidisciplinary management are of major
importance.
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Impacted First and Second
Permanent Molars: Overview

Sanaa Alami, Hakima Aghoutan, Meriem Bellamine
and Farid El Quars

Abstract

Impaction of a permanent tooth is a relatively common clinical occurrence in the
human dentition. First mandibular molars and maxillary second molars are rarely
impacted with a reported prevalence of 0-2.3% for second molars, 0.02% for the
macxillary first molar, and of less than 0.01% for the mandibular first molar. The fail-
ures in their eruption mechanism may occur due to an obstacle such as the presence of
a supernumerary tooth or an odontoma, lack of adequate space in the arch, an abnor-
mal eruption path, or with idiopathic etiology. It is an asymptomatic pathology which
is usually a casual discovery. Early diagnosis and treatment of permanent molars erup-
tion disturbances contributes to optimal outcomes and favorable long-term prognosis
by reduction of complication. The purpose of this is chapter is (1) to define prevalence
and etiopathogeny of impacted first and second permanent molars, (2) to pinpoint the
needs of earlier diagnosis, and finally (3) to highlight the treatment options.

Keywords: unerupted, impacted teeth, first molars, second molars, permanent
molars, retained asymptomatic molars, uprighting molars, orthodontic treatment

1. Introduction

Impaction of a permanent tooth is a relatively common clinical occurrence in the
human dentition. It mostly involves the mandibular and maxillary third molars, the
maxillary canines or central incisors, and the mandibular second premolars while
the first mandibular molars and maxillary second molars are seldom concerned. It
deals with an abnormality of position in the wake of the failure of eruption [1].

Raghoebar et al. [2] suggested that teeth of the permanent dentition, of which
the first and second molars, may fail to erupt either as a result of mechanical
obstruction, such as the presence of a supernumerary tooth or an odontoma, lack
of adequate space in the arch, or because of disruption to the eruptive mechanism
itself, or idiopathic etiology.

This multifactorial origin disturbance entails various clinical forms. Thereby,

a broad range of terms are used so as to illustrate this phenomenon: retention and
impaction. In reality, each of these words designates various etiologic factors and
involves an accurate diagnostic what leads to the prognosis and the treatment of
such a disturbance.

This asymptomatic pathology is most of the time a casual discovery and may
incite various pathologic conditions of neighboring and opposing teeth, such as
caries, periodontitis or roots resorption, and eventually malocclusions. And so, it is
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an unpredictable situation dentists have to keep up with through the use of proper
clinical and radiological assessment [2-5].

Indeed, optimal outcomes can be reached if both of diagnosis and treatment of
such a disturbance are early done. However, multiple local factors are involved in
the failure of eruption and influence its prognosis and treatment. Among them are
inclination axis, stage of the root formation, and the depth of the molar, although
their exact roles have not been established and the age of the patient is probably a
key factor in the evolution of the cases [1-3].

The treatment options are based on the type of eruptive abnormality and the
age of the patient, including observation, orthodontic or surgical approaches and
extraction of the unerupted molar. Each approach has its indications, contraindica-
tions, advantages, and disadvantages [1, 2].

This chapter copes with an overview of this pathology and aims (1) to recall
the mechanisms of normal and disturbed eruption, (2) to define prevalence and
etiopathogeny of impacted first and second permanent molars, (3) to shed light
on the needs of earlier diagnosis, and ultimately (4) to bring the limelight on the
treatment options.

2. Normal and disturbed eruption of permanent molars

Eruption comes down to a process of biological maturation which involves the
axial movement of a tooth from the developmental position within the jaw toward
the functional position in the occlusal plane [1, 6]. The grounds of this biological
mechanism remain unknown even if several hypotheses have already been argued.
Amidst these hypotheses, root growth, hydrostatic pressure, and selective bone
deposition and resorption are not sufficiently supported by experimental data.

Moreover, there is no denying that the periodontal ligament and the dental
follicle provide the required force to generate this tooth eruption. However, although
this theory is widely disregarded because eruption also occurs in its absence, it obvi-
ously remains the cogent argument. To sum up the foregoing, eruption is a multifac-
torial process in which the loss of one factor can be successfully offset by another [7].

The eruption of the first and second permanent molars is especially significant
for the coordination of facial growth, and for providing sufficient occlusal sup-
port for undisturbed mastication [1, 6]. Their eruption differs from that of other
permanent teeth in the sense that [2]:

* They do not have preceding primary teeth.

* Their development is sequentially initiated in the tuberosity of the maxilla and
at the junction of the ascending and horizontal ramus of the mandible.

* Asaresult of the growth of the jaws, the relative position of the first molar
shifts anteriorly at the time of the development of the second molar.

* Atthe beginning, the occlusal surface of the mandibular molars is mesial while
that of the maxillary molars is distally inclined.

* During growth of the jaws, the crowns gradually move to an upright position.
* Just after emergence, half of the roots of lower first permanent molars and

central incisors have been formed while three quarters of the roots of all other
tooth have normally been formed.
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Eruption disturbances of teeth are usual and can have a negative sway on the
development of the tooth and jaw system. The clinical spectrum of eruption distur-
bances may vary from delayed eruption to failure of eruption.

Failure of eruption, unlike delayed eruption, is considered as the inability of the
tooth to emerge in the oral cavity [1]. It may affect one or several teeth, in either the
primary or the permanent dentition, and can be partial or complete. In this case,
teeth may be totally covered by bone or soft tissue. In every instance, the failure is
contingent on underlying etiology [8].

Average eruption ages have been established for each dental category; however,
there is individual variability in the eruption pattern and dental development. First
molars emerge on the mean at 6 years of dental age. Eruption of the permanent
second molars occurs, typically, few months after primary second molars, and
maxillary primary canines are replaced by their successors at dental age 12 [9].
According to Helm and Seidler, it normal emergence was defined as in the maxilla
12.4 and 11.9 years in the mandible, and 11.9 and 11.4 years for boys and girls,
respectively [1, 6].

It is important to consider that 6-month delay in eruption of a permanent man-
dibular second molar compared with its contralateral counterpart or a 1-year delay
in eruption of both molars should indicate a need for further radiographic investi-
gation [9]. When eruption of a permanent tooth is at least 2 years behind schedule,
disorder eruption should be suspected [3].

3. Epidemiology

Impaction of a permanent tooth most commonly involves the mandibular and
maxillary third molars that accounts for more than 80% of all impacted teeth. In
[9], the following teeth concerned by the impaction are the maxillary canines or
central incisors and the mandibular second premolars themselves followed by first
mandibular molars and maxillary second molars.

Failure of first and second permanent molars is rare. Their prevalence has only
been reported in a few studies. Baccetti [6] found a prevalence rate of 1.7% failure
of eruption of both first and second molars. According to Grover [1], for the first
permanent molar, it stands for 0.01 and 0.06% in the case of the second one.

Palma et al. [1] and Valmaseda-Castellén et al. [5] found lower second molars to
be the most frequently affected, followed by upper second molars. First permanent
molar impaction is seldom, with prevalence rates of 0.02% for the maxillary and of
less than 0.01% for the mandibular. As regards Grover and Lorton, they found that
the prevalence rate of impaction of upper second molars is 0.08% of the population
and 0.06% for lower second molars [5].

Likewise, Bondemark and Tsiopa [6] have determined the frequency of anoma-
lies concerning the position and the eruption affecting the second permanent
molar. In a point of fact, there is an overall prevalence of eruption disturbances of
2.3% including 1.5%, for ectopic eruption, 0.6% for primary retention, and 0.2%
for impaction.

The findings in South Indian population, with an age range of 15-67 years,
brought to the limelight that the prevalence of impacted second mandibular molars
was about 0.16% [10].

Such rates explain that earlier studies have focused only on the prevalence of
disturbed eruption of the lower second molar.

Furthermore, the prevalence of second lower molar seems to be linked to the
age of the patient. The results show the frequency higher as patients are younger.
Indeed, the prevalence in Sweden was estimated to be around 0.15% for cases
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between 10 and 19 years old according to Varpio and Wellfelt, while it accounts for
0.58% for 12-year-old Chinese children according to Davis. Shapira et al. found
that the Chinese-American population was representing a higher prevalence
(2.3%) of mandibular second molar impaction compared with the Israeli popula-
tion (1.4%). Likewise, Shiu-yin Cho [9] found higher prevalence of 1% in Chinese
schoolchildren.

As regards genders, some studies found a marked prevalence of this abnormality
in males [1, 6]. On the contrary, other studies argued that there are more females
with impacted lower second molars than males [3, 9, 10]. But in reality, not any
significant difference has already been detected [3, 6, 9].

Additionally, the findings of some comparative analysis revealed that the
prevalence of eruption has been increasing compared to the previous rates [1, 9, 11].
Evan et al. in their studies aimed to investigate the incidence of lower second
molar impaction among two samples of 200 orthodontic patients referred to the
Orthodontic Department of Bristol Dental Hospital consecutively in 1976 and 1986.
Thereby they concluded in favor of this statement [11].

4. Etiopathogeny

Numerous local factors are involved in the failure of eruption, and they influ-
ence its prognosis and treatment. Teeth of the permanent dentition may fail to erupt
either as a result of mechanical obstruction which could be idiopathic or pathologi-
cal or because of the eruptive mechanism disruption [2]. According to Andreasen
et al. [4], three main causes have been involved in the eruption disturbances. These
causes include ectopic tooth position, obstacles in the eruption path, and failures in
the eruption mechanism.

The failures of the eruption mechanism may occur due to the presence of an
obstacle such as a supernumerary tooth or an odontoma, lack of adequate space in
the arch, an abnormal eruption path, or an idiopathic etiology.

As awhole, causes of eruption disturbances, particularly failure of tooth erup-
tion, could be categorized into general and local factors. It may depend on syn-
dromic and non-syndromic problems for both kinds of factors [4, 6, 12].

* Systemic factors are present in patients with certain syndromes. Usually, mul-
tiple teeth are affected. However, eruption failure in the permanent dentition is
associated with small number of syndromes [8] (Figure1).

* In cases with local eruption disturbance, only one or a few teeth are affected.
Local factors related to the failure of eruption include malocclusion disturbances
of the deciduous dentition, the position of the adjacent teeth, lack of space in the
dental arch, idiopathic factors, supernumerary teeth, odontomas, or cysts.

* Heredity is also mentioned as an etiological factor. Recently, mutations in
parathyroid hormone receptor 1 have been identified in several familial cases
of primary failure of eruption. Nevertheless, on occasion, the failure of erup-
tion of first and second permanent molars is not associated with any systemic
conditions or genetic alterations.

Differential diagnosis for these abnormal eruption patterns was not easy to
identify either clinically or radiographically before starting the treatment.

We may conclude that the eruption disturbances of permanent molars may
occur due to an impaction, primary retention, or secondary retention [1, 2].

214



Impacted First and Second Permanent Molars: Overview
DOI: http://dx.doi.org/10.5772/intechopen.86671

Figure 1.
Panoramic radiograph of a 17-year-old patient with mental and growth vetardation. We can note the agenesis
of 15, 31, and 48, as well as multiple retentions including 37 inclined distally and overlapped by the germ of 38.

These terms are used indifferently and often synonymously. The etiology of
the three disorders is, however, different as is their diagnosis and treatment
approach [13].

4.1 Etiology of impaction

Impaction is the cessation of the eruption of a tooth. Tooth was deemed to
be impacted when its complete eruption to occlusal height was prevented by an
abnormal contact with another tooth in the same arch [11].

The majority of cases are caused by a clinically or radiographically detectable
physical barrier in the eruption path, which is independent of the eruption process.
It may be supernumerary teeth and odontogenic tumors or cysts. Impaction may
also due to an unusual orientation of the tooth germ [1, 2]. Idiopathic factors was
also mentioned as other factor that cause impaction.

In most cases, the impaction of maxillary first molars is usually associated with an
ectopic eruption path at a mesial angle to the normal path of eruption. It may be the
result of failure of the molar to upright from its mesial inclination during eruption [2].

Insufficient space in the dental arches has been also considered as an etiological
factor for impaction of second lower molar. It could be explained by the fact that the
increase in arch length does not synchronize with the eruption of the second molar,
more commonly in the mandible than in the maxilla [1, 11, 12, 14]. The erupting
mandibular second premolar and second molar may quite often compete for space
in the posterior area of the arch. When this space is inadequate, the earlier erupting
second premolar may result in the impaction of the second molar [15].

In addition, the developing third molar may also compete for space behind and
above the second molar, resulting in its impaction. Its potential involvement in the
second lower molar impaction was suggested, due to its altered position caused by
dento-alveolar disproportion. As a result, many authors recommended to extract
the third molars, as prophylactic measure, to allow for correct eruption of the
second molars in teenagers. However, the relationship between impaction of lower
second molars and ectopic third molars is often a controversial subject. All the more
so, at the usual age of eruption of the second molar, the third molar cannot consti-
tute a barrier in the eruption path [1, 5].

4.2 Etiology of primary retention

Primary retention is synonymous of “unerupted” and “embedded.” It is defined
as cessation of eruption before gingival emergence, with neither a physical barrier
in the eruption path nor being the result of (or and not due to) an abnormal posi-
tion. The arrest of the eruption process occurs before the crown has penetrated the
oral mucosa, and the non-resorbing bone occlusally of a primarily retained molar
should be considered as a normal barrier in the eruption path [2, 16].
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According to Raghoebar [8], primary retention is an isolated condition associ-
ated with a localized failure of eruption but no other identifiable local or systemic
involvement. It may be caused by a defect in the eruption mechanism and is asso-
ciated with a disturbance in the resorption of overlying bone. It is not due to an
abnormality of the periodontal ligament; but the disturbance in the dental follicle
constitutes the main etiological factor that fails to initiate the metabolic events
responsible for bone resorption in the eruption trajectory. According to Raghoebar
etal. [8], primary retention of permanent teeth is an isolated condition associ-
ated with a localized failure of eruption but no other identifiable local or systemic
involvement.

4.3 Etiology of secondary retention

Secondary retention is synonymous of “submerged,” “reimpaction,” and “rein-
clusion.” It refers to unexplained cessation of eruption after emergence, precisely
after a tooth has penetrated the oral mucosa as reported by Raghoebar [8]. This
abnormality occurs without the evidence of a physical barrier in the eruption path
ectopic position, and it affects less frequently permanent molars than primary
molars [2, 13, 16].

The etiology of secondary retention is not well understood. Trauma, infection,
disturbed local metabolism, and genetic factors have been suggested as etiologi-
cal factors. However, ankylosis is probably the main factor in its development.
Raghoebar et al. [13] examined 26 secondary retained lower second molars, and
they found that all of them had ankylosed areas. However, it is still not clear
whether the state of ankyloses was a result of arrested eruption or if it was the
primary cause resulting in arrested eruption.

All these factors present something of a diagnostic challenge to the clinician. Itis
important to distinguish between these three phenomena in order to understand the
clinical features and to choose an adequate treatment.

5. Diagnostic approach

The failure of eruption is an asymptomatic pathology. That means that it is usu-
ally a casual discovery and its diagnosis is generally made late. It may incite various
pathologic conditions on the permanent dentition such as caries, periodontitis,
pericoronitis, and risk of root resorption of adjacent teeth as well as the situations
leading to the loss of permanent teeth, incomplete development of the alveolar pro-
cess, shortening of the facial height, and occlusal disturbances. Thus, it is suggested
that these abnormalities should be diagnosed and treated at an early age [3, 5].

Indeed, prompt diagnosis is essential in order to improve prognosis and to palli-
ate the consequences of the failure of eruption of permanent molars. It involves full
medical history, and it appropriates clinical and radiographic examinations which
are sufficient to distinguish clearly between impaction, primary, and secondary
retention [1, 2, 17]. As eruption time may vary between individuals, an appropriate
follow-up of children with mixed dentition is required at 6-month intervals to man-
age their eruption pattern and dental development, especially in cases of posterior
crowding and when molar retention is suspected [9].

5.1 Clinical analysis

This is a crucial step in the management of these abnormalities. It is important
to raise the civil age, which must be correlated with dental age in order to claim a
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possible eruption delay. A child is considered to be late toothed when the dental and
civil ages differ by more than 2 years from the average values for permanent teeth.

In addition, it is imperative to note on questioning a history of trauma or infection
as well as a possible notion of heredity, emphasizing a family history of eruption fail-
ure or ankylosis affecting at least one primary tooth [8]. This facilitates the identifica-
tion of the clinical form of the abnormality according to possible etiological factors.

The clinical examination cannot claim to make a reliable diagnosis of dental
impaction or retention. Only radiographic analysis will make it possible to conclude
this and above all to decide between the three clinical forms, namely, impaction,
primary, or secondary retention.

Some signs, although rare, could be characteristic of particularly secondary den-
tal retention. Indeed, clinically secondary retention is usually suspected on the one
hand when a molar is in infra-occlusion at an age when the tooth would normally be
in occlusion (Figures 2 and 3) This is because the adjacent teeth continue to erupt
but the growth of the alveolar process in the affected area stops. On the other hand,
the involvement of ankylosis might be detected with the percussion test [3].

Figure 2.
Intraoral photographs showing arvested eruption of the tooth 16 after gingival rupture associated with an
infraocclusion in this side and growth cessation of the alveolar process.

Figure 3.
The orthopantomogram revealed the absence of a physical obstacle and a vertical position of the tooth 16
related to secondary vetention.

However, particular attention should be focused on the number of teeth with
delayed eruption, referring to the contralateral tooth. A 6-month delay in erup-
tion of a permanent mandibular second molar compared with its contralateral or a
1-year delay in eruption of both molars should justify suspicion of molar retention
and should indicate a need for further radiographic investigation [9].

The involvement of ankylosis might be detected with the percussion test and
radiographic evidence of the periodontal ligament obliteration. The scanner or the
cone beam computed tomography are the only tools which may identify the ankylo-
sis’ diagnosis [3].

5.2 Radiographic analysis

Unerupted molar is often detected in a routine panoramic radiograph during
pedodontic or orthodontic evaluation and treatment planning. But, it is usually not
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the main reason for referral to the orthodontist. Early detection and treatment is
imperative to avoid possible complications and to eliminate the need for advanced
orthodontic and surgical treatment [15].

The radiological examination must first conclude that the germs of unerupted
molars are present. Also, as reported by Vedtofte [12, 18], it should also focus on
registration of dental abnormalities in tooth retained and dentition in general
such as:

* Root deflection dilacerations
e Taurodontism
* Invagination

* Resorption or tooth decay in adjacent primary or permanent teeth (primary
molar or second premolar in case of impacted first molars, and first molar in
case of impacted second molar)

Vedtofte and Andreasen [18] found a high prevalence of dens invagination
and taurodontic in second lower molars with arrested eruption (Figure 4). They
suggested that there was an association between morphological deviations and
periodontal membrane malfunction, the latter causing eruption disturbances.

Root dilacerations were also observed in arrested eruption upper and lower molars
but they are not related to a particularly deep bony position of the molar. It could
explain the association between root abnormalities and eruptive disorders in
permanent molars [12].

In addition, some measurements must be recorded on the orthopantomogram as
the angulation of impacted tooth and depth of retention. The inclination axis of the
molars is measured from tracing long axis of unerupted teeth and adjacent teeth,
perpendicular to the tangent to the tips of the cusps. The angle between these lines
is measured for each side of the jaw in order to conclude an average value [9, 11, 12]
(Figure5).

The degree of non-eruption could be evaluated radiographically in millimeters
of bone, from the alveolar ridge to the central fossa of the unerupted molar or verti-
cal distance between distal marginal ridge of the first molar and mesial marginal
ridge of the impacted second molar [1, 3] (Figure 6).

Because permanent teeth may fail to erupt either as a result of mechanical
obstruction or disruption to the eruptive mechanism itself [2], both clinical and
radiographical diagnosis approach should conclude in an impaction, primary, or
secondary retention on the basis of the various etiological factors, which are as
follows:

* The detection of mechanical obstruction and posterior crowding typical of
molar impaction;

* The root growth stage;
* The signs of ankylosis characteristic of secondary retention.
5.2.1 Radiological characteristics of impaction

The orthopantomograph reveals, in this specific case, odontogenic cysts,
odontoma, supernumerary teeth, or signs of insufficient space in the posterior side
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Figure 4.

Panoramic radiograph of a 13-year-old patient showing a delayed eruption of first and second permanent
molars with intrapulpal calcifications and taurodontism of the first lower permanent molars and second lower
premolars. We also note the reinclusions of the second temporary molars.

5

Figure 5.

Readapted from [11, 12]. Registration of angulation of impacted teeth from the angle between long axis of first
and second lower molars. Angle greater than 40° means mesial inclination. Angle between 40 and —20° means
vertical position. Angle less than —20° means distal inclination.

Figure 6.
Readapted from [3]. Registration of impacted teeth depth from distal marginal ridge of the first molar (DMz1)
to the mesial marginal vidge of the impacted second molar.

of dental arch as malposition of the tooth germs of the third molars overlapping

with lower second molar.
The great majority of mandibular second molar impaction was associated with
a degree of mesial angulation which could be radiographically seen as an oblique
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or even horizontal position of the tooth. A very rare case of an inverted impacted
second molar where its crown was directed toward the lower border of the man-
dible was reported [15].

Nevertheless, when the first molar is affected, the radiographs show a mesial
inclination and atypical resorption of the distal surface of the adjacent primary
second molar. The main sign is the long axis which is not parallel to the normal
eruption path [2].

5.2.2 Radiological characteristics of primary retention

Because the arrest of the eruption process occurs before the crown has pen-
etrated the oral mucosa, the crown is often covered by bone and mucosa. Thus,
the non-resorbing bone occlusally should be considered as a normal barrier in the
eruption path [2, 16].

Primary retention is defined as an incomplete tooth eruption despite the pres-
ence of a clear eruption pathway. Radiographically, the molar is normally oriented
in its eruption path, and roots are deeply situated and sometimes completely
formed. The growth of roots has occurred apically due to bone resorption around
the radicular portion [4, 16].

A follow-up of at least 6 months is necessary to detect radiographically whether
the tooth is showing any eruptive movement or not, in order to make a differential
diagnosis between primary and secondary retention.

5.2.3 Radiological characteristics of secondary retention

Ankylosis was suggested to be the main etiological factor in secondary retained
permanent teeth. Histological study conducted by Raghoebar compared 26 second-
arily retained molars removed in children group (mean age = 16.2 + 3.9 years), with six
normally erupted molars which were removed for orthodontic or prosthetic reasons
[13]. The author found areas of ankylosis along the roots of all secondary retained
molars located at the bifurcation and interradicular root surface in 81% of the cases.

Thus, it is difficult to specify the diagnosis of such disturbance only from ortho-
pantomographs. Intraoral periapical radiographs allows to identify a periodontal
obliteration and hypercementosis. The computed tomography scan represents
supplemental examination to bring a definitive diagnosis of ankylosis [3].

Another factor in favor with the diagnosis of secondary retention is tooth posi-
tion. Wellfelt maintains that ankylosis is often suspected in vertically positioned
teeth (Figures7 and 8).

Figure7.
Intraoval photographs (A) before treatment and (B) 2 years after orthodontic and surgical treatment, showing
arvested eruption of 37 after gingival rupture, with no movement of this tooth related to secondary vetention.
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Figure 8.
Post-treatment panoramic radiograph revealed vertical position of retained tooth.

Finally, primary and secondary retention could be differentiated considering the
stage during which the molar stops the eruption process [2]. In addition, the mesial
angulation of the molars is characteristic of the impaction, whereas in the primary
and secondary retention, tooth is rather vertical.

6. Treatment

The diagnosis characteristics of eruption disorders are different but the treat-
ment approaches are identical in some cases. Primary and secondary retention of
permanent molars reflects disturbances in a particular stage of the eruptive process,
while impaction is due to a physical barrier or an abnormal tooth position and thus
not directly related to a particular eruptive stage. It is important to distinguish
between these three phenomena in order to understand the clinical features and to
choose a suitable treatment [2, 8].

6.1 Decision-making factors of treatment

Multiple local factors are involved in the failure of eruption and influence its
prognosis and treatment. We cite lack of space in the arch, dental anatomy, inclina-
tion axis, stage of the root formation, and the depth of the molar. Although their
exact roles have not been yet established. The age of the patient is probably a key
factor in the evolution of the case.

Several entities are an indicator of retention’ severity and could influence the
prognosis and treatment protocol of unerupted permanent molars. The following
variables could be mentioned [1, 3]:

¢ Dental inclination,

* Degree of non- eruption,

* Stage of root formation,

* Age.

The inclination axis of the molars has certainly an impact on clinical treatment
results [1]. Wellfelt [1] reported that the mesioangular inclination was most success-

fully treated because the ankylosis is often suspected in vertically positioned teeth,
thus in secondary retention.
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The degree of non-eruption or depth of the impaction seems to be a less decisive
factor in the evolution than the stage of root formation. In fact, it was reported that
when roots of the unerupted tooth are completely formed, the chances of successful
treatment decrease [1]. Furthermore, Fu et al. found, in their study conducted on a
Taiwanese population, that the impacted depth was highly and positively correlated
with the initial uprighting period [3].

This could explain that patient’s age is considered as a key factor in the prognosis
of this disorder. Most pediatric population studies show that resulting malocclu-
sions and abnormalities in adjacent and opposing teeth are frequent and start at
very early ages. [5] Furthermore, we have mentioned that the age affects certainly
the initial uprighting period, but it has a small impact on the performance and
outcomes of the technique. Thus, these teeth malposition should be diagnosed and
treated at an early age. Fu et al. suggested that there was a statistically significant
relationship between poor evolution of the unerupted molar and the following fac-
tors: age over 14 and root formation of the unerupted molar in its last stages [3].

Finally, both diagnosis and treatment planning should be placed into the
perspective of the patient’s age, the stage of eruption, as well as of factors like the
patient’s needs and self-image [2]. Even if the disturbances do not occur frequently,
itis important to develop an early diagnosis in order to start the treatment at the
optimal time, between 11 and 14 years, when root formation is incomplete [3, 6].

6.2 Treatment modalities

Eruption disturbances may manifest clinically and radiographically as impac-
tion, primary retention, or secondary retention. The treatment protocol for its
management is based on the type of eruptive abnormality and the age of the
patient. Treatment options include observation, surgical exposure or repositioning,
orthodontic uprighting, and extraction of the unerupted molar. Each modality has
its indications, contra-indications, advantages, and disadvantages.

Generally, as stated by Andreasen [8], the active orthodontic and/or surgical
treatment is indicated in cases of impacted ectopic erupting teeth and primary
retention. However, a primary observation period seems to be required before any
intervention to confirm diagnosis through a radiographical follow-up. Spontaneous
eruption into normal occlusion could occur in rare cases. Abstention is recom-
mended in cases of secondary retention due to ankylosis, or deeply impacted lower
second molars. Extraction may be the norm in case of failure of teeth repositioning.

Due to low frequency of impacted first molars, numerous studies and case
reports are available regarding the clinical management of second molar disturbed
eruption. All approaches and techniques can also be applied to unerupted first
molars despite their low incidence.

6.2.1 Observation

Kavadia and others underline the importance of tight control of impacted lower
second molars. They suggest that active treatment should only be considered after an
observation period of at least 12 months exclude the possibility of self-correction [9].

So when the identified etiology is an obstacle, the early removal of the barrier
usually allows the molar to erupt spontaneously.

Furthermore, abnormal position of the germ of a third molar may form a barrier
causing impaction of the second molar. The recommended treatment is removal of
the third molar at the age of 11-14 years in combination with a thorough follow-up
of the eruption of the second molar [2]. In other cases, some clinicians advocate
removal of the second molar allowing eruption of the third molar at its position [14].
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Once the chance of self-correction has been ruled out, dentists should discuss
with patients and parents the various treatment options for the impacted molars,
which may include [9]:

* Orthodontic uprighting
* Surgical repositioning

* Extraction of the impacted second molar to allow the third molar to drive
mesially

* Extraction of the impacted second molar and transplant of the third molar into
the extraction site.

6.2.2 Orthodontic uprighting

Generally, as stated by Andreasen [8], the active orthodontic treatment is
indicated in cases of impacted ectopic erupting teeth and primary retention.
Orthodontic approach is important to provide a good occlusion and to reduce
the risk of caries and periodontal disease and can be performed with or without
extraction of the adjacent third molar. However, in cases of extreme horizontal
impaction or widely diverging roots, orthodontic uprighting of permanent molars
is contraindicated [2, 15].

The optimal moment for uprighting is when two-thirds of the roots have been
formed, between 11 and 14 years old for second molar. Molars with fully formed
roots have a poor prognosis [2].

Beyond age, orthodontic modalities are depending of mesial tipping and depth
of concerned teeth. So, when orthodontics is indicated, an efficient mechanics plan
is required [13]. Numerous methods can be considered:

» Conventional appliances
* Distalization segment wire
* Temporary skeletal anchorage.

All of these methods, however, have limitations, especially in the approach of
deeply impacted teeth.

6.2.2.1 Conventional appliances

When a second molar is slightly mesially angulated with a sufficient emerging
area, several devices have been suggested in the literature to correct simply this
malposition such as separating elastic or brass ligature wire between tipped teeth
and neighboring one. These artifices operate as a spring, relieving contact between
the teeth and allowing “self-correction” and eruption [15].

Interarch vertical elastics and a removable appliance with an uprighting spring
have been also reported [4].

The correction of this abnormality can also be done simply by including the
impacted molar in the orthodontic treatment from the first stage of alignment
and leveling of the orthodontic treatment. A tube is then bonded to the vestibular
surface of the molar, which will be engaged in the continuous arch. Alignment
and distalization will be ensured by superelastic arches and a push coil spring
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(Figure 9). A variant of the same device can be proposed; the superelastic wire used
for alignment and leveling of the teeth is curved distally of impacted molar which is
engaged in the tube and bended on mesial (Figure 10).

Such methods might require considerable treatment time with the risk of
extending the overall duration of orthodontic treatment. Indeed, since the arch
sections cannot change, the leveling of the dental arches is delayed. This widely
justifies the use of fixed auxiliaries as an efficient alternative.

6.2.2.2 Distalization segment wire/auxiliary spring fixed

A button, mini tube, or eyelet button is usually bonded on the visible area of the
tooth. An auxiliary segment is constructed of flexible wire nickel titanium, copper
Ni Ti, or titanium molybdenum alloy (TMA) with loop. This cantilever is gener-
ally placed after leveling of the dental arch, which is then used as stabile unity for
distalization of impacted tooth. In fact, molar uprighting requires good anchorage
control, and subsequently, a full-arch fixed appliance is necessary to protect from
undesirable tooth movements [19]. Continuous 0.019 x 0.025 stainless steel wire
from first molar to second premolar or first molar is recommended as an anchorage
unit.

Then, NiTi wire can be used to upright the tooth. Finally, the tube is bonded
to introduce the tooth into the conventional wire to complete leveling and finish
treatment [14, 15, 20].

Various patterns have been revealed in the literature, from the simplest to the
most complex, taking advantage of the elastic properties of wire alloys.

The 0.016 x 0.022 Ni-Ti or 0.016 x 0.025 Cu Ni-Ti may be used to distalize
angulated molar. The segment wire is inserted between the retained molar and the
neighboring tooth on the arch. Due to its superelasticity, the wire is curved and then
bonded to the occlusal face of the adjacent tooth. A moment of force is generated
resulting in move of the molar to the distal (Figures 11 and 12).
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Figure 9.
Association of superelastic wive and coil spring between first and second lower molars.
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Figure 10.
Continuous superelastic wire curved in distal of second lower molar then introduced into the tube to achieve its
distalization.
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Like Fu et al. [4], the same sections of Ni-Ti or copper Ni-Ti can be used to
upright orthodontically the mandibular second molar. The sectional wire is
here ligated on the continuous wire that served to align and level the dental arch
(Figure 13).

In other retrospective study, Fu et al. [3] described the pole arm appliance as an
effective treatment modality and success predictable for impacted second lower
molar.

Figure 11.
0.016 x 0.022 Ni-Ti or 0.016 x 0.025 Cu Ni-Ti sectional wire, placed between first and second retained molars, is
occlusally curved and bonded on occlusal face of fivst molar aligned on the arch.

Figure 12.
Right quadrant of a panoramic vadiograph illustrating the placement of the 0.016 x 0.022 Ni-Ti sectional wire
between first molar (46) and lower retained second molar (47).
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Figure 13.

0.016 x 0.022 Ni-Ti or 0.016 x 0.025 Cu Ni-Ti sectional wire, ligated to stainless steel continuous arch wire and
then introduced between second premolars and impacted first molar, produces a sufficient moment to distalize
the impacted tooth.
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The pole arm is constructed of 0.016 x 0.022 inch titanium molybdenum alloy
(TMA) wire (Figure 14). The distal part is inserted from lingual side under the
contact point, between first molar and second angulated molar, then it is pushed
buccally. The uprighting spring is curved to the mesial dental arch and ligated to
the anchor wire. Finally, the lingual extremity is fixed with composite resin on the
occlusal surface of the first molar (Figure 15). The reactivation of the pole arm is
recommended every 6 weeks, simply by lifting the buccal arm occlusally.

Majourau et al. [14] proposed 0.017 x 0.025 TMA “cemented springs” whose
distal part is supported by a stainless steel button bonded to disto-occlusal surface
of the retained molar. The auxiliary wire is inserted from the distal of the first molar
auxiliary tube. Then, it is curved to give it the configuration of loop. The spring is
activated through a combination of the gingival loop form and open coil inserted
between a loop and the auxiliary molar tube (Figure 16).

All the appliances aforementioned have the advantage of avoiding early bonding
of impacted molars as well as the need of surgical exposure of sufficient surface for
the bonding.

Then, when the impacted second molar had been uprighted to some degree, a
tube can be bonded to it for further alignment.

TMA uprighting spring, with or without helical loop is needed to finish distal
displacement of molar and to produce eruptive force to bring teeth into occlusion
with their upper opponents.

Majourau [14] reports using 0.017 x 0.025 TMA cantilever spring, which is
engaged in the second molar tube and hooked distally to the canine. The intrusive

Figure 14.

The pole arm uprighting spring of 0.016 x 0.022 TMA is used. The lingual extremity is bonded on occlusal
surface of adjacent tooth; then, the arm is introduced from lingual under contact point. The buccal part is
curved and ligated to anchor continuous arch wire (readapted from [3]).

Figure 15.
The activation of pole arm uprighting spring is ensuved by a plicature leading the mesial arm occlusally
(readapted from [3]).
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Figure 16.

Illustrative diagram of 0.017 x 0.025 TMA sectional wive associated with open coil to upright impacted the
second lower molar. TMA spring is bent around the button, then configured as loop, and finally inserted from
distal in accessory tube of the first molar. Continuous 0.019 x 0.025 stainless steel wire from first molar to first
molar is used as an anchorage unit (readapted from [14]).
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Figure 17.
llustration of eruptive force produced by TMA cantilever spring without loop. This sectional wire is required to
achieve impacted molar repositioning in correct occlusion (veadapted from [14]).

force was negligible since a continuous stiff stainless steel wire consolidated the
lower arch from first molar to first molar (Figure 17).

Many others suggested the use of tip back cantilever of 0.017 x 0.025 TMA wire
with loop [15, 21, 22]. It is a long cantilever which gives a high moment-to-force
ratio and produces effects on the tooth in three planes, mainly in the mesiodistal
direction and the vertical direction providing both distal crown tipping and molar
extrusion (Figure 18).

6.2.2.3 Temporary skeletal anchorage

Orthodontic treatment methods, with continuous or segment wire, for molar
uprighting have some disadvantages, including extrusion of the target molar,
unwanted reciprocal movement of the anchorage units, need for bulky appliances,
and longer treatment time. The development of orthodontic miniscrew implants
provided solutions to most of these problems [19].

Skeletal anchorages have some advantages in that they reduce the side effects
formerly associated with dental anchorage and provide vertical and distal traction
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forces simultaneously with proper line of action and moment. It is also beneficial
for obtaining [19] [23] Thus, orthodontic miniscrews have a major impact on reduc-
ing the overall treatment time unlike conventional treatment.

Moreover, they simplify the design of orthodontic devices. All the abovementioned
devices can be used in combination with it to avoid the need for dental anchoring.
Depending on the situation, the skeletal anchor can be used directly; the minivis serves
as a docking point for the sectional wire with direct application of an appropriate force
system. Lee et al. suggest uprighting second molar into two steps, using an open coil
spring and a stainless steel uprighting spring (Figures19 and 20) [19].

Conventional orthodontic methods are often the best alternative to extraction
or surgically repositioning of the first and second permanent molars. It produces
certainly excellent outcomes, but could not be successfully predicted or may be
contraindicated for horizontally position, deeply impaction or molars with gross
displacement [9, 15, 19]. In such challenging cases, a combination of surgical and
orthodontic treatment is appropriate [2, 4].

6.2.3 Surgical approaches

Surgical approaches of unerupted permanent molars included surgical exposure
for orthodontic uprighting and traction into their correct position in the arch, as
well as challenging treatment options of surgical repositioning. It consists essen-
tially of uprighting and repositioning of the impacted molar, eventually including
extraction of the third molar [15] [20]. Posterior available space should be analyzed
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Figure 18.
Diagram of tip back cantilever: It is a long uprighting spring of 0.017 x 0.025 TMA. The activation force is
directed to the occlusal (readapted from [15, 21, 22]).
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Figure 19.

Miniscrews used as direct anchor with segmental wire and coil spring to distalize and extrude the second lower
molar. In the first step (A), the distalization is ensured by 0.016 stainless steel wire and open coil spring. In

the second step (B), tip back moment is delivered from 0.016 x 0.022 in. Stainless steel wire spring to upright
impacted molar (from Lee et al., readapted from [19]).
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Figure 20.
Miniscrews used as indirect anchor to veinforce dental stabile unit then with tip back cantilever to extrude it.

before planning orthodontic and surgical traction, to prevent periodontal risks.
Removal of the third molar often completes this procedure, and more rarely, the
second molar when the first one is impacted. Undoubtedly, analysis of anatomic
location, desired eruption path, and available space should proceed the uprighting
process for a favorable outcome [19].

6.2.3.1 Surgical exposure

In cases of horizontally or deeply impaction, orthodontics alone cannot
straighten the molar because of the limited access. A surgical exposure is required
following by orthodontic traction or luxation.

Magnusson et al. in their study found that [24]:

* Surgical exposure was the most successful treatment and the best choice of
treatment, with a success rate of 70%.

* The success rate was 50% when surgical exposure was combined with extrac-
tion of the third molar and/or luxation of the second molar.

* Surgical exposure of the second molar, with or without extraction of the third
molar and/or luxation of the second molar, seems to result in the most success-
ful treatment in both jaws.

6.2.3.1.1 Surgical exposure and orthodontic traction

It consists of exposure and uncovering the crown, followed by bonding an orth-
odontic attachment. Temporary skeletal anchorage is the appropriate and efficient
means to upright and tract the tooth in its ideal position [15, 23].

Kim [23] suggested the use of 1.3-1.2 mm x 8 mm mini screws in the retromolar
area following extraction of the third molar. Traction is initiated on the day of
surgery with elastic threads that were replaced every 4 weeks.

Chang [25] reported a simple, effective, and expedient mechanics for manag-
ing horizontally and deeply impaction of second lower molar in only 4 months.

2 x 14 mm stainless steel bone screw is positioned superiorly in ramus under local
anesthesia. He proposed to (Figure 21):

* First, remove all obstructions to eruption, as ectopic position of the third
molar follicle
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Figure 21.

Illgstmtion of surgical exposure and traction of second lower molar through bone screw. The button is bonded
to the accessible surface (A) and then moved if necessary (B) so as to obtain a sufficient amplitude of traction
on the minivis. 2 x 14 mm stainless steel bone screw is inserted into the ascending vamus, and power chain is
connected between attachment and screw (readapted from [25]).

* Expose surgically and luxate the lower second molars to rule out an eventual
ankylosis. The covered bone is removed down to the level of the cementoe-
namel junction for optimal molar uprighting.

* Bond button or eyelet on distal surface and then connect elastic chain from
attachment to bone screw before closing soft tissue with interrupted sutures to
control blending.

6.2.3.1.2 Surgical exposure and luxation

Luxation is an effective technique with good long-term prognosis. Such
approach finds its major indication in favorable impacted molars before complete
apical root edification. Indeed, it has been reported that molars luxated prior to
complete root formation erupted spontaneously and continued their normal root
development.

The potential risks of luxation include pulpal devitalization and root frac-
ture, although a prophylactic endodontic treatment of the luxated molar is not
recommended.

During the 1916s, luxation has been described to be used successfully in anky-
losed permanent molars that are typical of secondary retention, although luxation
seems to promote new areas of ankylosis rather than breaking bony connections [2].

The prognosis seems to be better than that of dental transplant because the tooth
is not removed from its socket and the apical blood vessels are not damaged.

6.2.3.2 Surgical vepositioning

It is a simple technique which produces fast results; it seems to be the most
convenient procedure when patient compliance is minimal, when impacted teeth
have limited access or failed to respond to orthodontics methods, or for angle of
inclination of less than 75° [9, 15, 26]. Nevertheless, there is a risk of pulp necrosis,
root resorption, and ankylosis [9].

Several authors suggested that this procedure usually lead to predictable success-
ful results if root formation is not completed, usually between the ages of 11 and 14.
According to Botton [17], if surgery is performed too soon, then the tooth may be
unstable and may shift from its position. If performed too late, then there is risk of root
fracture and possible disruption of blood supply leading to pulpal necrosis [17] [24].
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Removal of the third adjacent molar is often necessary to make surgical upright-
ing easier. In addition to that, surgically tipped molar should be stabilized for few
weeks.

Boyton et al. [17] Kravitz et al. [26] describe the stages of surgical uprighting
of second lower molar. After intrasulcular incision from the distobuccal line angle
of the first molar to posteriorly the external oblique ridge, a full-thickness muco-
periosteal flap is raised to expose the second and third molars if it is present. Then,
distal and buccal bone of molar is removed to expose the cement-enamel junction
avoiding any contact with the cementum and periodontal ligament fibers that may
cause external root resorption.

The surgeon uses steady and gentle force with straight elevator to elevate the
tooth distally and prevent root fracture. Sometimes, the surgeon removes additional
distal bone to perform the molar uprighting. When the occlusal surface of impacted
molar is approximately level with the occlusal plane, the patient is instructed to
bite down gently to ensure that the molar is just below the occlusal plane to prevent
occlusal trauma. The site should be irrigated with copious amounts of normal
saline and then closed with sutures. The attached gingiva should be kept intact and
positioned appropriately to ensure a healthy periodontal environment for the newly
positioned second molar.

Some recommended bonding a tube to the molar as soon as it is repositioned.
For others, an intact lingual and buccal plate or a periodontal dressing prevents the
tooth from migrating bucally or lingually [17, 26].

According to Boyton, no additional autogenous bone or bone substitutes are
needed to stabilize the tooth. Other authors [27] advocate the use of absorbable
gelatin sponge or autogenous alveolar bone to stabilize the repositioned second
molars.

An immediate postoperative Panorex is recommended. The follow-up includes a
1-week postoperative appointment and then another appointment in 6 months for
a repeated Panorex. Orthodontic treatment should begin 1-2 weeks after surgery,
with a mandibular arch-wire extended through the second-molar bracket for
stabilization.

7. Extraction

Surgical extraction of unerupted permanent molar is indicated when exposure,
luxation, and orthodontics treatment fail, in the presence of a pathological process,
or when prognosis is poor because of fully formed roots or extremely unfavorable
position [2, 15].

Extraction as an alternative procedure of retention treatment can be considered
in two different approaches as follows:

* Extraction of retained or impacted second molar with the intention of replac-
ing it with the third molar. The third molar drift mesially when it is at low
Nolla stage from 5 to 8. Nevertheless, success of this treatment depends on
the eruption path of the third molar which could be unpredictable [5, 9, 15].
Magnusson et al., in their study evaluating the outcome after treatment and
without treatment of retained second molars, found that treatment with
removal impacted molar replaced with the third molar was the least successful
both in the maxilla and mandible. They reported that few molars that did erupt
were all malpositioned with a risk for elongation of the antagonist because of
the delayed eruption of third molar [24].
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* Extraction of the impacted second molar followed by immediate transplanta-
tion of retained molar or third molar into the extraction site. It is technically
demanding and carries a risk of pulp necrosis, root resorption, and ankylosis
[9, 15, 24].

* Both transplantation and surgical repositioning were suggested as invasive
techniques because of the deeply impacted positions with high risk of neuro-
vascular damage, mandibular fracture, or the deep infrabony defect on the
distal surface of adjacent teeth [24].

8. Conclusion

The eruption failure of first and second permanent molars is rare and asymp-
tomatic. This disturbance is often detected in a routine panoramic radiograph
during pedodontic or orthodontic evaluation and represents a real diagnostic and
therapeutic challenge for the practitioner.

Considering the main etiological factors, three clinical forms can be distin-
guished: impaction, primary, and secondary retention. Therefore, it is crucial to
diagnose this abnormality early for an optimal treatment time and outcomes, as
well as reduction of dental and periodontal complications.

Its management is considered difficult and unpredictable, and there is no clear
standard solution. Despite observation, abstention, or extraction of unerupted per-
manent molars, several orthodontic and surgical methods for uprighting impacted
molars was reported. All of the methods have specific indications, advantages, and
disadvantages depending of clinical form, retention depth, stage of root formation,
and age of patient.

If the prognosis of orthodontic and/or surgery repositioning of impacted
and primary retained molars is favorable, the treatment of secondary retention
seems to depend on the age of the patient and the extent of infraocclusion and
malocclusion.

The major treatment concern of secondarily retained molars is that these molars
cannot be moved orthodontically due to an abnormal periodontal ligament. By con-
trast, orthodontics or combined surgical-orthodontic approach is a major modality
in treatment of impacted teeth as these molars often have an abnormal position in
the eruption path. Primarily retained molars can also be moved orthodontically, but
this is often not necessary because of the normal position in the eruption tract.
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Chapter 14

Evolution of Dental Implant
Shapes and Today’s Custom Root
Analogue Implants

Ayse Sumeyye Akay

Abstract

Native tooth has a unique design to serve perfect stomatognathic function and
esthetics which could never be replaced with another material or apparatus if
it is lost. Over the past few decades, screw-type endosseous implants have been
considered to be as the gold standard for the rehabilitation of edentulism owing
to the similarity with the anatomical root shape and location inside the alveolar
bone. They have been widely investigated so as to find out the ideal characteris-
tics. Further researches have focused on the cervical region of the dental implant
because the maximum stress is pronounced around the implant neck. The ideal
characteristics indicate that a wide implant neck for better stress distribution,
and a large surface area with a minimal thread geometry for a better long term
crestal bone stability. Along with the growing clinical knowledge and digital
technology, an innovative and noteworthy approach for implant dentistry, custom
root analogue implant (RAI), has evolved. With the computer aided design and
manufacturing (CAD/CAM) methods, original and optimized characteristics
could be transferred to the custom dental implants just as performing an original
root replacement.

Keywords: dental implant, custom root-shaped implant, anatomically shaped
implant, root analogue implant, CAD/CAM, digital dentistry

1. Introduction

Natural teeth have unique design which serve complex stomatognathic func-
tions and fulfill distinctive biomechanical needs. The anatomy of the natural tooth
eventuates after a complex biological process which is moderated by epithelial-
mesenchymal collaboration [1]. The morphological features in each type of tooth
are variable, and several classifications have been proposed to define the diversity
of root forms and potential anomalies regarding the number and shape of the roots
[2-5]. Basically, the natural root has conical shape with a smaller width towards
to the apex and often with longitudinal grooves. The root of the maxillary central
incisors is wider mesiodistally in vestibular part, and both maxillary and mandibu-
lar canines have wider and longer root forms in order to compensate the lateral and
oblique forces whereas maxillary lateral and mandibular incisors present a modest
shape. Premolars generally have single root with a slight curve at the apex except
from the maxillary first premolar which has probably two roots at vestibular and
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lingual aspects of the alveolus. In the posterior region that corresponds the great
occlusal forces, molars have multi roots. Maxillary first and second molars have
three roots, mandibular first and second molars have two roots, and third molars
tend to have fused complex roots [2, 3]. Some of the anomalies of the roots exclud-
ing the aforementioned common variations are supernumerary roots such as max-
illary molars with four roots, distolingual root in mandibular molars, mandibulary
canine with two roots [2, 6, 7]. All of the diversity is originated from the distinctive
biomechanical requirements and functions. Therefore, understanding the original
root anatomy is a precondition for all kind of surgical interventions and functional
rehabilitations in dental practice from the preventive and regenerative surgeries to
the indispensable tooth extraction [4, 8, 9]. Additionally, tooth loss has not been
literally replaced regarding both biomechanically and physiologically yet.

Screw-type endosseous implants have been the most preferable rehabilita-
tion of tooth loss for decades, and have demonstrated highly successful survival
rates and clinical outcomes [10]. Numerous experimental studies demonstrated
successful osseointegration for immediately placed and loaded dental implants
into the fresh extraction socket. It has been suggested that immediate procedures
could minimize the alveolar bone and soft tissue resorption, thus, provide better
cosmetic results [11]. However, there still have been some obstacles for immediate
placement procedures of screw-type dental implants. The foremost deficit is a
remained void between the implant and the alveolar socket due to the incongruent
geometry of these two. Many grafting or barrier techniques have been studied
extensively to overcome this problem [12], yet no approach does literally meet the
clinical needs.

While searching new solutions for recovering the fresh socket with immedi-
ate screw-type implants, a philosophy of custom root formed implant fabrication
had come along. The philosophy of custom made dental implant started in 1960s
as an idea of replacing the extracted tooth with eligible dental materials such as
composites or polymers [13]. It was realized that if the implant had the same design
of the extracted root and was congruent with the socket geometry, no residual
voids hereby would remain [14]. Thus, a better recovering and esthetics would be
achieved.

Starting with the plastic materials and primitive techniques, the custom root
analogue implant production evolved up to the digital rapid prototyping [15]
technology. Both milling and additive manufacturing techniques have already been
utilized with both titanium and zirconia materials in order to fabricate custom root
analogue dental implants [15-17]. Thus, a new perspective to be investigated for the
dental practice is upon the stage.

2. The evolution and the fabrication procedures of root shaped dental
implants

The first attempt of custom root shaped implant was described by Hodosh
et al. in 1968 which was called ‘“Tooth Replica Polymer Implant Concept’ [13, 18].
According to this attempt, a plaster mold of the extracted tooth was made right after
the extraction. Then, autopolymerizing heat processed polymethacrylate was used
alone or with freezed dried cancellous (anorganic) calf bone for creating a ‘plastic’
or ‘plastic-bone mixture’ implant material. After the polymer was processed in a
flask, and then zephirin chloride washing, the plastic implant was inserted into the
alveolar socket. It was the only immediate replacement of lost natural teeth at that
time. However, because it resulted in fibrointegration instead of osseointegration,
the polymer dental implant was not used for years in clinical practice [19].

238



Evolution of Dental Implant Shapes and Today’s Custom Root Analogue Implants
DOI: http://dx.doi.org/10.5772/intechopen.83746

In 1992, the root shaped implant idea was revived by using titanium mate-
rial instead of any polymer by Lundgren and colleagues, and resulted in 88% of
bone-to-implant contact [20]. This novelty was inspired by Andersson’s method of
spark erosion combined with milling machine duplication which was developed for
titanium crown fabrication [21]. The milling machine had a tool system that held
a stone die of the extracted tooth, and a milling unit integrated with a detection
needle and a hydraulic servo-unit which transferred and copied the outer surface of
the stone die to a titanium blank.

Following the elementary attempts of creating a dental root analogue, a com-
puter milled anatomical implant system (ReImplant® System, Hagen, Germany)
was presented by Kohal et al. [22]. This system was the first computer aided manu-
facturing of dental implant carrying the original root contours of the extracted
tooth. The procedure yet again started after the extraction. The space between the
tooth and the socket wall was measured by repositioning the extracted tooth into
the socket again for compensating the lost periodontal width. The cervical width
was transferred to the computer unit subsequently the data of the laser scanned
tooth. Finally, the milling unit with integrated laser camera and computer control
station fabricated the root analogue implant out of prefabricated Grade II titanium
blank according to the computer data. After polishing the extraosseous cervical part
and sandblasting the intraosseous part with Al,O; powder, implant was ultrasoni-
cally cleaned with alkaline and autoclaved, and tapped into the respective socket
[14, 22]. Similarly, zirconia material was also studied with the computer numerical
control (CNC) milling method by Kohal and colleagues first [23].

Another idea for immediate placement of prefabricated anatomically shaped
dental implants was suggested by Coatoam [24, 25]. The proper one of the series of
anatomically shaped implants in varying lengths (PACE, CAL-Form Inc., Long-
wood, Fla) was inserted into the healed socket after a waiting period of 6-8 weeks.
They asserted that a moldable osteoid which was formed in the early healing socket
would readily accept the implant integration and could also facilitate indirect sinus
lifting [24, 25]. However, relevant studies have been very limited to state an infer-
ence for clinical practice.

In the last decade, growing computer based digital technologies guided the
contemporary approaches up to custom root analogue implants, which were called
RALI The clinical procedures were shifted prior to the tooth extraction. Instead of
copying or laser-scanning of the extracted tooth, literally computer aided design-
ing (CAD) on the preoperative radiographic data was included to the procedure in
addition to the computer aided manufacturing (CAM) methods.

One of the first CAD/CAM combined high-resolution computed tomography
based RAI methods was described and commercially available (REPLICATE
Immediate Tooth Replacement System, Natural Dental Implants). According to the
system, digital imaging and communications in medicine (DICOM) data from a high-
resolution cone beam computed tomography (CBCT) or a digital volume tomography
(DVT) was obtained. Besides, a digital or two-stage elastomeric impressions with bite
registrations were taken preoperatively. Master stone cast models were created and
optically scanned. Then, the standardized triangulation language (STL) data of the
digitalized master models and the DICOM data of three-dimensional (3D) visualiza-
tion were offered to compose a 3D envelope that constitutes the digital environment
for RAI planning. On 3D envelope, endosseous titanium root-implant portion,
zirconia abutment to be glass-soldered onto the titanium root, root analogue implant
try-in, provisional crown etc. could be designed [15, 19, 26]. After CAD data was
transferred to a five-axis rapid manufacturing machine, the titanium root part out of
amedical grade IV solid titanium workpiece and the zirconia parts out of presintered
yttria-stabilized tetragonal zirconia material (Y-TZP) were milled, subsequently,
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the titanium and zirconia parts of implant were glass-soldered to form a one-piece
implant. The zirconia parts remained machined surface, and the titanium root was
sandblasted and acid-etched. Finally, the implant was delivered in sterile packaging
and tapped into the socket [15, 26].

Another digital root analogue implant approach evolved with the help of 3D
additive manufacturing technology which was a procedure to fabricate 3D metallic
objects from metal powders on the basis of 3D data. The main powder bed fusion
methods have been known as direct metal laser sintering (DMLS) or selective laser
sintering (SLS) and selective laser melting (SLM) or direct laser metal forming
(DLMF). According to the procedures, metal powder microparticles were formed layer
by layer with a focused laser-induced fusion in order to create complex solid objects
[27]. RAI fabrication out of Ti-6Al-4V alloy material by a high-end SLM method was
first proposed by Moin and colleagues [16]. A high-resolution computed tomography
(CT) was performed and the datasets were transferred in the DICOM format. The 3D
reconstruction software simulated the virtual extraction of the tooth on 3D projection,
and the implant with prosthetic components was designed on a reverse engineering
software. Processing was carried out in ytterbium (YB) fiber laser in argon atmo-
sphere, and implants were delivered sterile packaged after ultrasonically cleaned [27].

After titanium, zirconia material was also employed for RAI fabrication with the
rapid prototyping technology. Dispersion of a zirconium oxide powder into a liquid
solution of polyacrylate was used to form a solidified ceramic object by high-end
digital light processing 3D printing method as similar with the powder bed fusion
technique [17].

3. The evaluation and clinical predictability of root shaped implants

Considering the early attempts, it could be noticed that root analogue implant
fabrication required exhausted and complex clinical and laboratory procedures and
had some drawbacks formerly. Hodosh’s polymer implant resulted in fibrointegra-
tion. The proposal method of Lundgren required a long surgical time which could
be regarded as a disadvantage. The computer milled anatomical implant system
suggested by Coatoam also required a long time and additional complex procedures.
Besides, insufficient primary stability was another matter for these trials because
of the periodontal space and the enlargement of the socket during the extrac-
tion. ReImplant system tried to compensate this problem by integrating an extra
measurement and data transfer onto the laser scanned root. This measurement was
obtained on the cervical part of the root, and then applied to the whole root surface.
An experimental study in monkeys, regarding the root analogue implants of upper
central and lateral incisors showed a mean bone-to-implant contact of 41.2% after
6 months of healing, and the study also reported a common clinical complication,
—the fracture of the buccal plate during the implant placement [22]. In accordance
with this finding, it could be considered that the extra measurement and the width
enlargement of socket could also act as another incongruence for achieving the
appropriate passive fit into the fresh socket.

Though, ReImplant and PACE system could serve a similar role for the treatment
of convex root form. On the other hand, in cases with unfavorable root shape such as
concave contours or complex morphology, original root shaped implant could jeop-
ardize the placement and the hygienic maintenance. However, PACE system could be
used to eliminate the disadvantages of unfavorable root form, and it would also take
less time to perform in clinical practice because it was totally prefabricated [25].

REPLICATE system was first introduced for single tooth replacement. After reveal-
ing the clinical advantages in an animal study [28], a 35-year-old woman was subjected
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to replacement of a maxillary left central incisor [19]. After the implantation with an
approximately 1.4 mm of reduced buccal design, a mixture of platelet-rich plasma
(PRP) and osteoconductive bovine bone substitute was inserted in the buccal space
for the purpose of stabilizing the buccal tissue architecture. After 6 months of healing
with immediate provisional crown, the final zirconia restoration was delivered. At
almost 1 year of loading, good esthetics and functional stability of surrounding tissues
were reported. Simultaneously, in a dog study, the usage of multi-rooted single tooth
implant with a custom shaped lingual splint which is bonded by a self-curing luting
cement onto the surrounding teeth was tested. Some of the splints were debonded, but
no sign of infection was observed within the 16 months of healing. Bone-to-implant
contact and mineral apposition rates yielded no significant change, however, the verti-
cal bone loss was significantly lower (0.35 mm for root analogue implant, 0.79 mm

for the control implant) compared to the threaded control implants [15]. In another
subsequent human study which reported the clinical and radiographic observations
within the 1-year of functional loading, one single premolar out of the five had peri-
implant infection with mobility after 4 weeks, and the other two of them were identi-
fied in the absence of buccal bone around the implant [26]. The implants of this system
were roughened, large-grit sandblasted, and acid-etched (SLA) surface characteristics
similar to the conventional threaded implants as an advantage for clinical predict-
ability. On the other hand, considering the poor clinical findings, it should be further
investigated to reassure tangible results.

Rapid manufacturing techniques also seem promising for fabricating modern root
analogue implants. The accuracy of root analogue implant fabricated by powder bed
fusion methods revealed acceptable discrepancy. The volumetric measurement of the
3D surface model of the tooth was 0.27% of greater than the optical scanned original
root while the RAI was 6.33% of smaller than optical scanned original root [16] and
was 0.6-5.9% of smaller than the socket [29]. The local disparity of RAI was more pro-
nounced at the incisal area and the root apex, with a maximum of 0.15 and 1.86 mm,
respectively [29]. In a prospective clinical study, 1-year survival revealed 100% of
stable with a confirmed good condition of the peri-implant tissue, and no prosthetic
complications was observed [30]. In addition to the favorable results, it was suggested
that a perfect fit of RAI on the buccal cortical bone could be accused for esthetic failure
and also pressure-induced bone loss or fracture of the buccal plate. Therefore, reduc-
ing the diameter about 0.1-0.3 mm was offered as a useful strategy [27].

Pirker and Kocher reported the clinical results of computer milled zirconia
RALI Zirconia was used because of its well-known improved biomechanics and
esthetic results. The diameter of the implant next to the thin cortical bone was
reduced for avoiding fracture and pressure-induced bone loss. The implant with a
surface of only sandblasting failed within 2 months, but the other implant surface
strategy which added macroretentions on entire root surface showed 92% survival
after 2-year follow-up [31]. Nevertheless, CNC milling zirconia was reported to
have some disadvantages such as being time-consuming, substantial waste of raw
material, and limited accuracy [17, 32] whereas the 3D printed zirconia RAI was a
faster procedure as against, and demonstrated a disparity less than 1 mm [17].

4. Advantages of the root shaped implants for immediate placement and
future considerations

Owing to the 3D additive manufacturing technology, remarkable characteristics
such as functionally graded titanium material, and 3D interconnected controlled
porous structure could be delivered to the custom root shaped dental implants
[33-35]. Thus, minimizing the stress-shielding effects, providing a long-term stable
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fixation, and improving bone ingrowth could be possible [36]. Additionally, lower
risk of implant surface contamination is another advantage of laser metal sintering
method since minimal postprocessing treatment is required [35].

Regarding these knowledge and available clinical results, it could be suggested that
combining the root analogue implant strategy with digital technology provide a num-
ber of advantages over the previous procedures such as faster preoperative prepara-
tion, relatively easier surgical procedures, simpler fabrication of esthetic restoration,
and improved biomechanics. Also it would be a cheaper alternative for immediate
implant and prosthetic requirements in compromised clinical conditions.

As another matter of fact, comprehensive experimental and clinical studies
indicate the importance of the cervical region of the dental implant because the
maximum stress is pronounced around the implant neck [37]. The ideal character-
istics of dental implant is suggested that a wider neck for a better stress distribution
[38], and a large surface area as well as possible with a minimal thread geometry for a
better long term crestal bone stability [39]. Therefore, the original root shaped den-
tal implant would be a plausible strategy to achieve better crestal bone stability and
supporting esthetics. In addition to that, optimized surface roughness and chemical
factors should be taken into account for a good long term biological health. In the lit-
erature, the micro-nano hybrid surface topography of titanium alloy was mentioned
beneficial on biological responses of osteoblasts [40]. Alkaline phosphatase activity
of the cells was greater onto nanotextured rough surfaces, and calcium deposition
was higher on microtextured rough surfaces rather than nanotextured surfaces [41].
With the guidance of this knowledge, custom root analogue implants could be better
designed with optimized macro and micro surface features in the future.

5. Conclusion

As a brief, considering the prevalent knowledge of clinical dental implant
practice, screw-type dental implant has been the most plausible and predictable
approach for replacing edentulous alveolar sites. However, it seems not so conve-
nient and could not meet the clinical needs for immediately restoring the fresh
extraction socket. Custom root shaped implant strategies emerged as the only
realistic implementation and the prospective preference of immediate implant
placement for both single- and multi-rooted teeth.

Contemporary computer aided digital technologies assist to overcome the haz-
ardous anatomical drawbacks of jaws, and also to eliminate the excessive surgical
augmenting procedures and compromise healing. On the contrary, the CAD/CAM
root analogue implant strategies would simplify the immediate tooth replacement
and improve the reliability.

Lastly, it should be noted that there are scarce number of objective clinical data
regarding 3D planned and manufactured root analogue dental implant methods,
and further clinical studies are required to conclude significant results.
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