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Preface

Dental anatomy is one of the most important and basic areas of dentistry. Dentists should
well know the anatomy of maxillofacial region and the teeth for diagnosis, the relationship
between dental anatomy and caries, anesthesia techniques, treatment planning and making
a desicion about which restorative materials should be used.

This book is a collection of nine chapters divided into five sections.

Section I “Tooth Anatomy’’ has two chapters. Chapter 1 “Permanent Maxillary and Mandib‐
ular Incisors” presents information about function, development of maxillary and mandibu‐
lar incisors and detailed information about the anatomy of these teeth. Chapter 2 “The
Permanent Maxillary and Mandibular Premolar Teeth” presents information about function
and detailed morphology of the permanent premolar teeth and is presented in a pointwise
and systematic manner.

Section II “Dental Anatomy and Caries” has one chapter. Chapter 3 “Dental Anatomical
Features and Caries: A Relationship to be Investigated” aims to review the influence of dental
anatomy on dental caries development while taking into account the recent findings in cariology. Un‐
derstanding anatomical dental features is of great importance for guiding oral health hy‐
giene and preventative measures. The development of dental disorders plays an important
role in dental caries risk.

Section III “Dental Anaesthesia” has one chapter. Chapter 4 “Anatomy Applied to Block An‐
aesthesia” presents a clear and concise text, useful for both undergraduate and graduate stu‐
dents and for the dentist and maxillofacial surgeon. Knowledge of the precise topography and
distribution area of the trigeminal nerve and its branches is required to provide precise and
useful anaesthesia. The most relevant aspects of bone and sensory anatomy, relevant for the
realization of regional anaesthetic techniques in the oral and maxillofacial area, are reviewed.

Section IV “Oral Rehabilitation” has two chapters. Chapter 5 “Treatment Considerations for
Missing Teeth” presents a detailed text about missing teeth. Missing is one of the most en‐
countered dental anomalies in the practice of dentistry and may affect the self-esteem and
social wellbeing of the patients. Hypodontia is most frequently used when describing the
phenomenon of congenital missing teeth. Hypodontia is a common problem seen by the
general dentist and usually referred to the orthodontist. The aims of the chapter are to deter‐
mine the prevelance, assess the etiology of hypodontia, diagnose the problem and make a
desicion about a treatment plan. Chapter 6 “Anatomical and Functional Restoration of the
Compromised Occlusion: From Theory to Materials” presents a detailed text about occlusal
rehabilitation. In this context, occlusal disorders (attrition, abrasion, erosion), principles of
restoring the occlusion, establishing the vertical dimension, choosing the therapeutic posi‐
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tion, designing the occlusal anatomy and the instruments and restorative materials that are
used for restoring the occlusion are discussed.

Section V “Studies about Dental Anatomy” has three chapters: Chapter 7 “Evaluation of the
Anatomy of the Lower First Premolar”, Chapter 8 “A Comparative Study of the Validity
and Reproducibility of Mesiodistal Tooth Size and Dental Arch with the iTero™ Intraoral
Scanner and the Traditional Method” and Chapter 9 “Identification of Lower Central Inci‐
sors”.

The themes of this book cover a range of guidance for the anatomy of permanent maxillary
and mandibular incisors and premolar teeth, the relationship between dental anatomy and
caries, anatomy applied to block anaesthesia, treatment of missing teeth, the restoration of
the compromised occlusion and a detailed description of the experience reported by the au‐
thors with treatment strategies for anatomical disorders of the teeth. There are three studies
about dental anatomy, which have precise results and discussions.

The book is aimed toward dentists and can also be well used in education and research.

Assoc. Prof. Bağdagül Helvacioğlu Kivanç
Gazi University Faculty of Dentistry

Department of Endodontics
Ankara, Turkey
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Abstract

The permanent incisors are the front teeth that erupt between 6 and 8 years of age. They 
are eight in number, four upper and four lower, two centrals and two laterals. They 
have sharp biting surfaces designed for shearing and cutting of food materials into small 
chewable pieces. They are the teeth most visible to the others during eating, smiling and 
talking, and thus, they have high aesthetic value for the individuals. The unique charac-
teristics, arch position, function, development and chronological age of each tooth will 
be highlighted. In addition, the different aspects with their geometric outlines, outlines 
and surface anatomy of these teeth will be described. A brief explanation about the pulp 
cavity, tooth socket and normal occlusion for each tooth will be included.

Keywords: anatomical feature, mandibular central, mandibular lateral, maxillary 
central, maxillary lateral, occlusion, pulp cavity, tooth socket

1. Introduction

Identifying tooth number, size and shape has an important clinical significance in many den-
tal disciplines, particularly pediatric dentistry, orthodontics, restorative dentistry and oral 
surgery [1]. Mammalian dentition is characterized by heterodonty, in which both the upper 
and lower teeth are differentiated morphologically into four types: flat, chisel-shaped inci-
sors, conical canines, bicuspid premolars and multicuspid molars in the mesiodistal direction 
[2]. The dental formula for the permanent dentition in human beings consists of two incisors, 
a canine, two premolars and three molars in each half of the jaw [3]. There are four incisors per 
arch, two per quadrant. The first or the central incisor is next to the midline. The second or the 
lateral incisor is distal to central [4]. The importance of the recognition of morphological and 
anatomical-functional characteristics of teeth, seeking adaptation to individual conditions, 
has been acknowledged [5].

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.
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2. General character

1. The word incisor is derived from the Latin word incidere, “to cut.”

2. They are the front teeth existing in most heterodont mammals.

3. They are located in the premaxilla above and the mandible below.

4. Maxillary incisors exist in the premaxilla; mandibular incisors are the teeth that oc-
clude with them.

5. They are eight in number; four maxillary and four mandibular, two on each side of the 
middle line, one central and one lateral.

6. The maxillary and mandibular central incisors are the first teeth centralized in both 
sides of the midline, with the mesial of each one is on contact with the mesial surface 
of the other.

7. In some individuals, the two maxillary central incisors are separated by a space called 
diastema.

8. The maxillary and mandibular lateral incisors are the teeth located distally from either 
maxillary or mandibular central incisors and mesially from either maxillary or man-
dibular canines.

9. The maxillary central is larger in all dimensions than the maxillary lateral, but the 
reverse is the true for the mandibular central and lateral.

10. The mesiodistal dimension is greater than the labiopalatal dimension in the maxillary 
incisors, while the labiolingual dimension is greater than the mesiodistal dimension 
in mandibular incisors.

11. They developed from four lobes, three labially and one lingually (palatally), the lin-
gual (palatal) lobe being represented by the cingulum. Each labial lobe of the incisor 
terminates incisally in rounded eminence known as mamelon.

12. Unworn, newly erupted incisors have three small mamelons forming the incisal ridge. 
These mamelons are worn down with use to flat edge.

13. All incisors except the mandibular central incisor have rounded distoincisal angle 
compared to the mesioincisal angle as the mandibular central incisor has almost sym-
metrical anatomy.

14. The geometric outlines of the labial and lingual (palatal) surfaces are trapezoid while 
those for the proximal surfaces are triangular in shapes.

15. In some instances, they have vertical mesial and distal developmental depressions on 
the root surfaces to prevent tooth rotation and provide tooth anchorage.

16. The incisal tip from the proximal aspects is on one line with the root apices (root axis) 
in maxillary incisors, while there is a lingual tilting in mandibular incisors as the in-
cisal tip is lingually positioned in relation to the root apices.

Dental Anatomy4

17. Maxillary incisors overlap the mandibular incisors, vertically and horizontally pro-
ducing what is called overjet and overbite.

18. The mesial surfaces of the maxillary and mandibular central incisors are on one line 
at the median plane. With the exception of mandibular central incisor, each incisor 
occludes with two antagonists from the opposite arch.

19. They have lingual (palatal) convergence as the mesiodistal dimension of the lingual 
(palatal) surface less than the labial one.

20. The eruption date of the incisors ranges from 6 to 9 years. The specific sequence within 
this range is centrals preceding laterals, and mandibular incisors precede maxillary 
incisors.

21. They have only one root. The root canal systems of these single-rooted teeth often 
have three pulp horns and a single root canal. Over 40% of the mandibular incisors 
have two canals, but only just over 1% has two separate foramina.

22. The socket border of the maxillary central incisor is regular and rounded; its interior 
is evenly cone-shaped, accommodating the shape of the conical root. The upper later 
incisor socket is smaller in cross section but deeper than the socket of the upper central 
incisor. Meanwhile, the socket of mandibular central is flattened on its mesial surface 
and is somewhat concave distally to accommodate the developmental depression on 
the root. The socket of mandibular lateral is similar to that of central incisor with two 
variations; the socket is larger and deeper.

23. Anterior superior dental branch that arises from the infraorbital artery supplies max-
illary incisors. Incisive branch of the inferior dental artery supplies the mandibular 
incisors. The infraorbital artery and inferior dental artery are the branches of the max-
illary artery which is a terminal branch from the external carotid artery.

24. Anterior superior dental nerve originates from the infraorbital nerve. A branch from the 
maxillary nerve supplies the maxillary incisors, while the incisive nerve originates from 
the inferior dental nerve and a branch of the mandibular nerve supplies the mandibular 
incisors. The maxillary and mandibular nerves are the second and third divisions of the 
trigeminal nerve.

25. The venous drainage for maxillary incisors is to the anterior superior dental vein, 
while that for mandibular incisors is to the inferior dental vein. The anterior superior 
and the inferior dental veins drain to the maxillary vein, to the retromandibular vein 
and finally to the external jugular vein.

26. The maxillary and mandibular incisors drain the lymph into submental and upper 
deep cervical lymph nodes.

27. The major function of the incisors is biting, shearing or cutting food material during 
mastication by their incisal ridges or edges. They play important roles in speech and 
aesthetic.

Permanent Maxillary and Mandibular Incisors
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in maxillary incisors, while there is a lingual tilting in mandibular incisors as the in-
cisal tip is lingually positioned in relation to the root apices.

Dental Anatomy4

17. Maxillary incisors overlap the mandibular incisors, vertically and horizontally pro-
ducing what is called overjet and overbite.

18. The mesial surfaces of the maxillary and mandibular central incisors are on one line 
at the median plane. With the exception of mandibular central incisor, each incisor 
occludes with two antagonists from the opposite arch.

19. They have lingual (palatal) convergence as the mesiodistal dimension of the lingual 
(palatal) surface less than the labial one.

20. The eruption date of the incisors ranges from 6 to 9 years. The specific sequence within 
this range is centrals preceding laterals, and mandibular incisors precede maxillary 
incisors.

21. They have only one root. The root canal systems of these single-rooted teeth often 
have three pulp horns and a single root canal. Over 40% of the mandibular incisors 
have two canals, but only just over 1% has two separate foramina.

22. The socket border of the maxillary central incisor is regular and rounded; its interior 
is evenly cone-shaped, accommodating the shape of the conical root. The upper later 
incisor socket is smaller in cross section but deeper than the socket of the upper central 
incisor. Meanwhile, the socket of mandibular central is flattened on its mesial surface 
and is somewhat concave distally to accommodate the developmental depression on 
the root. The socket of mandibular lateral is similar to that of central incisor with two 
variations; the socket is larger and deeper.

23. Anterior superior dental branch that arises from the infraorbital artery supplies max-
illary incisors. Incisive branch of the inferior dental artery supplies the mandibular 
incisors. The infraorbital artery and inferior dental artery are the branches of the max-
illary artery which is a terminal branch from the external carotid artery.

24. Anterior superior dental nerve originates from the infraorbital nerve. A branch from the 
maxillary nerve supplies the maxillary incisors, while the incisive nerve originates from 
the inferior dental nerve and a branch of the mandibular nerve supplies the mandibular 
incisors. The maxillary and mandibular nerves are the second and third divisions of the 
trigeminal nerve.

25. The venous drainage for maxillary incisors is to the anterior superior dental vein, 
while that for mandibular incisors is to the inferior dental vein. The anterior superior 
and the inferior dental veins drain to the maxillary vein, to the retromandibular vein 
and finally to the external jugular vein.

26. The maxillary and mandibular incisors drain the lymph into submental and upper 
deep cervical lymph nodes.

27. The major function of the incisors is biting, shearing or cutting food material during 
mastication by their incisal ridges or edges. They play important roles in speech and 
aesthetic.
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The mandibular incisors differ from the maxillary ones in the followings:

28. Mandibular incisors are smaller than maxillary incisors in all dimensions.

29. They have smaller mesiodistal dimension than any other teeth.

30. Their crowns labially are fan-shaped.

31. The mesiolabial and distolabial developmental grooves are less prominent in man-
dibular incisors.

32. Mandibular incisors have less developed lingual anatomy.

33. Lingual pit and fissure are less common in mandibular incisors compared to maxillary 
ones.

34. Their contact areas are near the incisal ridges mesially and distally.

35. Attrition occurs on the incisal ridge, labially and not lingually as the maxillary incisors.

36. Their roots are flattened mesiodistally and are longer in proportion to the crown. The 
roots are frequently grooved on the mesial and distal surfaces with distal groove being 
more marked.

3. Permanent maxillary central incisor

3.1. Unique characteristics

This is the most noticeable tooth in the mouth. The general crown size exceeds that of any 
other incisor in either arch. The mesiodistal crown dimension is the greatest of any anterior 
tooth. The mesial curvature of cervical line toward the incisal is the greatest of any tooth. The 
incisal ridge is centralized labiopalatally (see Figure 1).

Figure 1. Diagram showing the labial, palatal, mesial, distal and incisal aspects of the maxillary permanent central 
incisor.

Dental Anatomy6

3.2. Arch position

The maxillary central incisors are the two teeth which are adjacent to the midline in the maxillary 
arch. They share a mesial contact with each other and have a distal contact with the lateral incisors.

3.3. Function

The main function is biting, cutting, incising and shearing the food materials. They also play 
an important role in the aesthetic and phonetic functions of the human teeth.

3.4. Development

It developed from four lobes, three labially and one palatally, the palatal lobe being repre-
sented by the cingulum. Each labial lobe of the incisor terminates incisally in rounded emi-
nence known as mamelon [6] (Table 1). The mesiodistal and labiopalatal measurements for 
maxillary permanent central incisor (mm) are shown in Table 2.

3.5. Labial aspect

3.5.1. Geometric outline

It is trapezoidal in shape with the shortest uneven side toward the cervix and the longest one 
toward the incisal ridge.

3.5.2. Outlines

Cervical line: it is line that demarcates the anatomical crown and the anatomical root. This 
line is a semicircle and convex root wise. It is found at the center of the tooth aspect and closer 
to the apex of the root.

Appearance of dental organ 5 months intrauterine life (I.U.L.)

Beginning of calcification 3–4 months

Crown completed 4–5 years

Eruption 7–8 years

Root completed 10 years

Table 1. Chronology table of maxillary permanent central incisor.

Crown length Root length MD at  
contact area

MD at 
cervical line

LP at crest of 
curvature

LP at cervical 
line

Curvature of CL

M D

10.5 13.0 8.5 7.0 7.0 6.0 3.5 2.5

Table 2. Measurements in millimeter of maxillary permanent central incisor.
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Mesial outline: is straight or slightly convex from the cervical line to the mesial contact area 
(the point furthest away from the central axis of the tooth).

Distal outline: more convex than the mesial outline.

Incisal outline: after the mamelons are worn away, the incisal edge of the maxillary central 
incisor is straight mesiodistally.

Contact areas: the mesial contact is in the incisal third near the mesioincisal angle, while the dis-
tal contact is more cervically positioned at the junction between the incisal and middle thirds.

Angles: the distoincisal angle is not as sharp as the mesioincisal angle.

Root: from this aspect, the root has a cone shape with blunt apex. Although there is a numer-
ous variation between populations, the length of the root is usually longer than the length of 
the crown by about 3 mm.

3.5.3. Surface anatomy

The labial surface is generally convex in mesiodistal and incisocervical dimensions. The con-
vexity is normally greatest in the cervical third (cervical ridge) and tends to be more closely 
to approach flatness toward the incisal third. The mesiolabial and distolabial developmen-
tal grooves that denote the union of the three labial lobes are straight, shallow depressions, 
which extend from the incisal edge toward the cervical, and fade out, in the middle third. 
Faint imbrication curved lines (preikymata), which roughly parallel the cementoenamel junc-
tion in the cervical third, are always present in the newly erupted incisors (see Figure 2).

3.6. Palatal aspect

3.6.1. Geometric outline

It is trapezoidal in shape with the smallest uneven side toward the cervix.

3.6.2. Outlines

Cervical line: the cervical outline has a slightly greater depth of curvature apically than on 
the labial surface and is asymmetrical, with its area of maximum curvature offset to the distal.

Figure 2. Labial aspect of maxillary permanent central incisor.

Dental Anatomy8

Mesial outline: is similar to its labial counterpart.

Distal outline: is similar to its labial counterpart.

Incisal outline: the incisal margin is also similar to that of the labial aspect.

Contact areas: are similar in position to their labial counterparts.

Angles: are similar to their labial counterparts.

Root: the root tapers more than the crown toward the palatal side.

3.6.3. Surface anatomy

The palatal side of the maxillary central incisor has a smooth rounded convexity, called cin-
gulum near the cervical line, and has a large concavity, called the palatal fossa. Along the 
mesial and distal sides of the palatal fossa are little elevated linear prominences called mar-
ginal ridges. The height of the palatoincisal ridge is raised as well to the height of the mar-
ginal ridges. The borders of the palatal fossa are the palatoincisal ridge, incisally; the mesial 
marginal ridge, mesially; the distal marginal ridge, distally; and the cingulum, cervically. 
Occasionally, developmental linear grooves are found over the cingulum that extended into 
the palatal fossa. The mesiodistal dimension of the palatal side is less than of the labial one, 
and thus, the tooth tapers toward the palatal, accommodating the shape of the dental arch. 
As a result, the mesial and distal sides of the tooth can be easily seen from the palatal side 
than the labial one (palatal convergence). Moreover, the tooth cross section at the cervix has a 
triangular appearance. The sides of the triangle are the labial outline, the mesial outline and 
the slightly shorter distal outline. On occasion, there may also be a palatal pit located between 
the cingulum and fossa. This palatal pit may be found near the center of the palatocervical 
groove, if that structure is present. The palatocervical groove and palatal pit are much more 
commonly found on maxillary laterals than on maxillary centrals. However, neither structure 
is a usual finding on the crown of any permanent incisors (see Figure 3).

3.7. Mesial aspect

3.7.1. Geometric outline

It is triangular in shape with the wide base at the cervix and narrow apex at the incisal tip.

Figure 3. Palatal aspect of maxillary permanent central incisor.
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Mesial outline: is straight or slightly convex from the cervical line to the mesial contact area 
(the point furthest away from the central axis of the tooth).

Distal outline: more convex than the mesial outline.
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Contact areas: the mesial contact is in the incisal third near the mesioincisal angle, while the dis-
tal contact is more cervically positioned at the junction between the incisal and middle thirds.

Angles: the distoincisal angle is not as sharp as the mesioincisal angle.

Root: from this aspect, the root has a cone shape with blunt apex. Although there is a numer-
ous variation between populations, the length of the root is usually longer than the length of 
the crown by about 3 mm.
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the labial surface and is asymmetrical, with its area of maximum curvature offset to the distal.
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Mesial outline: is similar to its labial counterpart.

Distal outline: is similar to its labial counterpart.

Incisal outline: the incisal margin is also similar to that of the labial aspect.
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groove, if that structure is present. The palatocervical groove and palatal pit are much more 
commonly found on maxillary laterals than on maxillary centrals. However, neither structure 
is a usual finding on the crown of any permanent incisors (see Figure 3).
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3.7.2. Outlines

Cervical line: curves evenly toward the incisal. It exhibits the greatest depth of curvature of 
any tooth surface in the mouth. The marked curvature of the cervical line also is greater in this 
aspect compared to the distal one.

Labial outline: convex at the cervical one-third representing the cervical ridge then becomes 
slightly convex to the incisal tip. The incisal tip is on one line with the root apex.

Palatal outline: convex at the cervical one-third representing cingulum then becomes concave 
in the middle one-third, representing the palatal fossa, and then becomes convex again to fol-
low the palatoincisal tip. The entire outline may be described as a shallow “S.”

Incisal outline: it is usually pointed or slightly rounded in newly erupted incisors. In teeth 
with incisal wear, the outline is straight and slopes down from labial to palatal.

Crest of curvatures: the labial crest (the point furthest away from the central axis of the tooth) 
is at the cervical third near the cervical line, while the palatal one is found at the middle of the 
cervical one-third at the prominence of the cingulum.

Note: the incisal ridge is the projection of enamel on newly erupted teeth, which is the incisal 
termination of the tooth. In a proximal view, it is normally pointed or slightly rounded. After 
the tooth enters into occlusion, this ridge becomes blunted and flattened, resulting in a slop-
ing, straight outline from the proximal aspect. This flattened area is termed the incisal edge 
(Table 4).

Root: cone-shaped with a rounded blunted end, square at the cervical one-third then gradu-
ally tapered to the root apex. The labial outline is convex, while the palatal one is more 
convex.

3.7.3. Surface anatomy

The crown surface is somewhat flattened with the mesial contact located in the incisal third, 
near the incisal margin, and is centralized labiopalatally. It is roughly ovoid, long incisocer-
vically and narrow labiopalatally. It is the only proximal area in the maxillary arch where 
mesial surface contacts mesial surface (see Figure 4).

Figure 4. Mesial aspect of maxillary permanent central incisor.
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3.8. Distal aspect

3.8.1. Geometric outline

It is triangular in shape.

3.8.2. Outlines

Cervical line: the curvature of the cervical line is less distally than mesially.

Labial outline: similar to the labial outline of the mesial surface.

Palatal outline: similar to the palatal outline of the mesial surface.

Incisal outline: the crown appears somewhat thicker at the incisal third.

Crest of curvatures: are similar in position to their mesial counterparts.

Root: the surface of the root is convex, and does not have a depression.

3.8.3. Surface anatomy

The distal view describes the surface of the tooth distant from the middle line of the face. 
This side closely resembles the mesial one. A greater part of the tooth surface is seen from 
this aspect compared to the mesial one as the labial surface of the crown steeped palatally, 
accommodating the horseshoe shape of the dental arch. Because it contacts the lateral inci-
sor, which is a smaller tooth, the distal contact area is accordingly smaller in size. Its shape 
is still ovoid, but it is more nearly round than on the mesial. It is also located farther cervi-
cally, still in the incisal third, but very near the junction of the incisal and middle thirds (see 
Figure 5).

3.9. Incisal aspect

The incisal view of this tooth considers the portion of the tooth visible from the side where the 
incisal ridge is located. From this angle, only the crown of the tooth is visible, and overall, the  

Figure 5. Distal aspect of maxillary permanent central incisor.
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3.7.2. Outlines
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tooth looks bilateral. The outlines are roughly triangular with the labial surface appears broad 
and flat, and the palatal surface tapers toward the cingulum. The distance between the mesio-
incisal angles to the cingulum is slightly longer than the distance between the distoincisal 
angles to the cingulum. The incisal edge is centrally situated in a labiopalatal direction. The 
palatal fossa is seen as broad concavity between the two marginal ridges and incisal to the 
cingulum [7, 8] (see Figure 6).

3.10. Pulp cavity

3.10.1. Mesiodistal section

The mesiodistal measurement of the pulp chamber is wider compared to the labiopalatal 
one. The outlines of the pulp cavity follow the general shape of the tooth. If the mamelons are 
well developed, three definite pulp horns are found at the incisal portion of the tooth. The 
pulp cavity tapers gradually and evenly along its whole length until the apical constriction 
of the root is reached. The apical foramen may be located slightly off center to the root tip.

3.10.2. Labiopalatal section

The pulp cavity follows the general outline of the crown and root. The pulp chamber is very 
narrow in the incisal region. Cervically, the pulp chamber widens to its largest labiopalatal 
width. Then, the root canal tapers gradually and evenly ending in a constriction at the root 
tip. The apical foramen may be located a little bit to the palatal or labial aspect of the root, near 
the very tip of the root.

3.10.3. Cervical cross section

At the cervical level, the pulp cavity mimics the external shape of the tooth. It is the widest in 
dimension compared to the other cross sections and centralized within the root dentin.

In newly erupted teeth, the outline of the pulp chamber is roughly triangular in shape with 
the base of this triangle at the labial surface. As the amount of physiologic secondary dentin 
increases, the pulp cavity becomes more rounded in shape. The root and pulp canal tend to 
be rounder at midroot level than at the cervical level. The anatomy at the midroot level is 
essentially the same as that found at the cervical level, just smaller in all dimensions [9] (see 
Figure 7).

Figure 6. Incisal aspect of maxillary permanent central incisor.
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3.11. Tooth socket

The first socket right or left of the median line is that of the maxillary central incisor. The 
periphery of the socket often dips down palatally, labially, mesially and distally to accom-
modate the shape of the root. The central incisor socket is flattened on its mesial surface and 
is usually somewhat concave distally [10].

3.12. Occlusion

Like all upper front teeth and when the mouth is closed, the central incisors are ordinarily 
positioned labially to the mandibular ones. In some instances, the upper front teeth are posi-
tioned palatally to the lower ones and in such case the condition is referred as anterior cross-
bite. When the teeth are biting down, the upper central incisors occlude with the lower central 
and lateral incisors. The contact point of the lower teeth is in the palatal fossa of the upper 
central incisor about 2 mm cervically from the incisal edge. The anterior open bite occurs 
when the upper and lower incisors do not contact even when the mouth is fully closed. This 
incorrect arrangement of teeth may result from some habits, such as thumb sucking. On the 
other hand, the deep bite occurs when the contact of the lower incisors to the upper incisors 
is near or completely on the gingiva. When upper anterior teeth are located too far in front of 
the lower teeth, this is termed as large overjet [11].

3.13. Variation

1. Considered to be a common variation in Asian populations, shovel-shaped incisors 
derive their name from the prominent marginal ridges and the deeper palatal fossa of 
the teeth. When seen from palatal view, the tooth is said to resemble a shovel.

2. When space exists between maxillary central incisors, the condition is referred to as a 
diastema. One frequent cause of the space is the presence of a large labial frenum from 
the upper lip extending near the teeth.

Figure 7. Pulp cavity for the mesiodistal, labiopalatal, midroot and cervical sections of maxillary permanent central 
incisor.
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tooth looks bilateral. The outlines are roughly triangular with the labial surface appears broad 
and flat, and the palatal surface tapers toward the cingulum. The distance between the mesio-
incisal angles to the cingulum is slightly longer than the distance between the distoincisal 
angles to the cingulum. The incisal edge is centrally situated in a labiopalatal direction. The 
palatal fossa is seen as broad concavity between the two marginal ridges and incisal to the 
cingulum [7, 8] (see Figure 6).

3.10. Pulp cavity

3.10.1. Mesiodistal section

The mesiodistal measurement of the pulp chamber is wider compared to the labiopalatal 
one. The outlines of the pulp cavity follow the general shape of the tooth. If the mamelons are 
well developed, three definite pulp horns are found at the incisal portion of the tooth. The 
pulp cavity tapers gradually and evenly along its whole length until the apical constriction 
of the root is reached. The apical foramen may be located slightly off center to the root tip.

3.10.2. Labiopalatal section

The pulp cavity follows the general outline of the crown and root. The pulp chamber is very 
narrow in the incisal region. Cervically, the pulp chamber widens to its largest labiopalatal 
width. Then, the root canal tapers gradually and evenly ending in a constriction at the root 
tip. The apical foramen may be located a little bit to the palatal or labial aspect of the root, near 
the very tip of the root.

3.10.3. Cervical cross section

At the cervical level, the pulp cavity mimics the external shape of the tooth. It is the widest in 
dimension compared to the other cross sections and centralized within the root dentin.

In newly erupted teeth, the outline of the pulp chamber is roughly triangular in shape with 
the base of this triangle at the labial surface. As the amount of physiologic secondary dentin 
increases, the pulp cavity becomes more rounded in shape. The root and pulp canal tend to 
be rounder at midroot level than at the cervical level. The anatomy at the midroot level is 
essentially the same as that found at the cervical level, just smaller in all dimensions [9] (see 
Figure 7).

Figure 6. Incisal aspect of maxillary permanent central incisor.

Dental Anatomy12

3.11. Tooth socket

The first socket right or left of the median line is that of the maxillary central incisor. The 
periphery of the socket often dips down palatally, labially, mesially and distally to accom-
modate the shape of the root. The central incisor socket is flattened on its mesial surface and 
is usually somewhat concave distally [10].

3.12. Occlusion

Like all upper front teeth and when the mouth is closed, the central incisors are ordinarily 
positioned labially to the mandibular ones. In some instances, the upper front teeth are posi-
tioned palatally to the lower ones and in such case the condition is referred as anterior cross-
bite. When the teeth are biting down, the upper central incisors occlude with the lower central 
and lateral incisors. The contact point of the lower teeth is in the palatal fossa of the upper 
central incisor about 2 mm cervically from the incisal edge. The anterior open bite occurs 
when the upper and lower incisors do not contact even when the mouth is fully closed. This 
incorrect arrangement of teeth may result from some habits, such as thumb sucking. On the 
other hand, the deep bite occurs when the contact of the lower incisors to the upper incisors 
is near or completely on the gingiva. When upper anterior teeth are located too far in front of 
the lower teeth, this is termed as large overjet [11].

3.13. Variation

1. Considered to be a common variation in Asian populations, shovel-shaped incisors 
derive their name from the prominent marginal ridges and the deeper palatal fossa of 
the teeth. When seen from palatal view, the tooth is said to resemble a shovel.

2. When space exists between maxillary central incisors, the condition is referred to as a 
diastema. One frequent cause of the space is the presence of a large labial frenum from 
the upper lip extending near the teeth.

Figure 7. Pulp cavity for the mesiodistal, labiopalatal, midroot and cervical sections of maxillary permanent central 
incisor.
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Figure 8. Diagram showing the labial, palatal, mesial, distal and incisal aspects of the maxillary permanent lateral incisor.

3. The maxillary incisors are the most likely teeth to have a talon cusp, which is an extra 
cusp on the lingual surface.

4. Also, the permanent maxillary incisors are the most likely teeth to have a dilacerations, 
which is a sharp curve on a tooth.

5. When the root is exceptionally short, in conjunction with an abnormal contour of the 
crown, this anomalous condition is referred to as dwarfed root, and the lack of root 
support may endanger the tooth's longevity in the mouth.

6. In the cases affected by congenital syphilis, a notch forms on the incisal edges of all 
incisors. When such notch is found, the teeth are described as screwdriver-shaped and 
they are called Hutchinson's incisors.

7. The alveolar bone between the roots of the two central incisors is occasionally the site 
of supernumerary teeth or extra teeth, known as mesiodens [1].

4. Permanent maxillary lateral incisor

4.1. Unique characteristics

The general shape is similar to maxillary central incisor except that they are shorter and nar-
rower. The mesiodistal crown dimension is the smallest of any maxillary teeth. The mesio-
incisal and distoincisal angles are more rounded than the corresponding angles of maxillary 
central incisor. On the palatal aspect, the marginal ridges and cingulum are more prominent. It 
has the most cervically located contact area of any incisor. Next to third molars, maxillary lat-
eral incisors are the teeth that show most variation in crown size, shape and form (see Figure 8).

Dental Anatomy14

4.2. Arch position

The maxillary lateral incisor is the tooth located distally from both maxillary central incisors 
and mesially from both maxillary canines.

4.3. Function

Like all the incisors, their function is for shearing or cutting food material during mastication.

4.4. Development

It is developed from four lobes, three labially and one palatally, the palatal lobe being repre-
sented by the cingulum. Each labial lobe of the incisor terminates incisally in rounded emi-
nence known as mamelon. Mamelons are better seen on the central incisors as compared to 
the lateral incisors [6] (Table 3). The mesiodistal and labiopalatal measurements for maxillary 
permanent lateral incisor (mm) are shown in Table 4.

4.5. Labial aspect

4.5.1. Geometric outline

It is trapezoidal in shape with the shortest uneven side toward the cervix.

4.5.2. Outlines

Cervical line: curves in a regular arc apically, with only slightly less depth than in the central 
incisor.

Appearance of dental organ 5 months I.U.L.

Beginning of calcification 10–12 months

Crown completed 4–5 years

Eruption 8–9 years

Root completed 11 years

Table 3. Chronology table of maxillary permanent lateral incisor.

Crown length Root length MD at  
contact area

MD at 
cervical line

LP at crest of 
curvature

LP at cervical 
line

Curvature of CL

M D

9.0 13.0 6.5 5.0 6.0 5.0 3.0 2.0

Table 4. Measurements in millimeter of maxillary permanent lateral incisor.
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Mesial outline: this margin resembles that of the central incisor, but usually is more convex 
and has a more rounded mesioincisal angle. The contact area is located farther cervically in 
the incisal third, quite near its junction with the middle third.

Distal outline: the distal margin is always more rounded than the distal outline of the central 
incisor, with a more cervically located contact area. The distoincisal angle is noticeably more 
rounded than its central incisor counterpart, and also more rounded than its own mesioincisal 
angle.

Incisal outline: the incisal outline resembles the central incisor, but it is not so straight, par-
tially because of the greater rounding of the two incisal angles. It exhibits the greatest round-
ing of any incisor. The number and prominence of mamelons is variable, but two are the most 
common finding.

Contact areas: the mesial contact at the junction between middle and incisal on-third ewhile 
the distal contact at the center of the middle third.

Angles: the distoincisal angle being more rounded than the mesioincisal angle.

Root: the root tapers toward the pointed apex. The root apex is inclined distal to midline. It 
is narrow mesiodistally than that of maxillary central and usually as long as or somewhat 
longer than that of the central.

4.5.3. Surface anatomy

The labial surface itself is more convex both mesiodistally and incisocervically than the maxil-
lary central. Labial developmental grooves, and imbrication lines are often present, similar to 
those of the central incisor but are less prominent. The labial height of contour is located at 
the cervical third (see Figure 9).

4.6. Palatal aspect

4.6.1. Geometric outline

It is trapezoidal in shape with the smallest uneven side toward the cervix.

Figure 9. Labial aspect of maxillary permanent lateral incisor.

Dental Anatomy16

4.6.2. Outlines

Cervical line: it curves toward the apical, but is offset to the distal.

Mesial outline: is similar to its labial counterpart.

Distal outline: is similar to its labial counterpart, and the distoincisal angle is much more 
rounded than the mesioincisal angle.

Incisal outline: is similar to the labial aspect.

Contact areas: are similar in position to their labial counterparts.

Angles: are similar in position to their labial counterparts.

Root: the root tapers more than the crown toward the palatal side.

4.6.3. Surface anatomy

The mesial and distal marginal ridges, as well as the cingulum, are relatively more promi-
nent, and the palatal fossa is deeper, when compared to the same structures of the central 
incisor. A palatocervical groove is a more common finding in maxillary lateral incisors 
than in central incisors. A palatal pit, near the center of this groove, is also more common, 
and when present, is a potential site for caries. The palatocervical groove usually origi-
nates in the palatal pit and extends cervically, and slightly distally, onto the cingulum. It 
might be helpful to think of the palatocervical fissure as running in a more or less vertical 
direction, while the palatocervical groove extends in a roughly horizontal direction (see 
Figure 10).

4.7. Mesial aspect

4.7.1. Geometric outline

It is triangular in shape with the wide base at the cervix and narrow apex at the incisal tip.

Figure 10. Palatal aspect of maxillary permanent lateral incisor.
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4.6.2. Outlines
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4.7.2. Outlines

Cervical line: exhibits less depth of curvature than it does on the mesial surface of the central 
incisor.

Labial outline: convex at the cervical one-third representing the cervical ridge then becomes 
slightly convex to the incisal tip. The incisal tip is on one line with the root apex.

Palatal outline: convex at the cervical one-third representing cingulum then becomes concave 
in the middle one-third, representing the palatal fossa, and then becomes convex again to fol-
low the palatoincisal tip. The entire outline may be described as a shallow “S.”

Crest of curvatures: the labial crest is at the cervical third near the cervical line, while the 
palatal one is found at the middle of the cervical one-third at the prominence of the cingulum.

Incisal outline: the incisal portion is on one line with root apex.

Root: the root appears longer but narrower than that of the central.

4.7.3. Surface anatomy

The crown is shorter, and the labiopalatal measurement of the crown is smaller. The contact 
area is also similar in shape to the contact of the central incisor. It is found in the incisal third 
very near the junction of the incisal and middle thirds, centered labiopalatally (see Figure 11).

4.8. Distal aspect

4.8.1. Geometric outline

It is triangular in shape with the wide base at the cervix and narrow apex at the incisal tip.

4.8.2. Outlines

Cervical line: shows less curvature incisally than on the mesial surface.

Labial outline: similar to the labial outline of the mesial surface.

Figure 11. Mesial aspect of maxillary permanent lateral incisor.
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Palatal outline: similar to the palatal outline of the mesial surface.

Crest of curvatures: are similar in position to their mesial counterparts.

Incisal outline: rounded in newly erupted teeth and flat in worn out teeth.

Root: the distal surface of the root is slightly more convex than mesial.

4.8.3. Surface anatomy

The distal surface is smaller and more convex in all dimensions than the mesial surface. The 
contact area is shorter and not as incisally placed, when compared to the mesial contact. It is 
normally located at middle of the middle one-third and centered labiopalatally (see Figure 12).

4.9. Incisal aspect

In incisal view, this tooth resembles the central incisor to varying degrees. The tooth is nar-
rower mesiodistally than the maxillary central incisor; however, it is nearly as thick labiopala-
tally. The incisal outline is more rounded labially and palatally than the central incisor. When 
palatal pit is present; it is located in the depth of the palatal fossa [7, 8] (see Figure 13).

4.10. Pulp cavity

4.10.1. Mesiodistal section

The pulp cavity nearly follows the external shape of the tooth. When viewed from the labial 
aspect of the tooth, the pulp horns appear to be blunted. The pulp chamber and root canal 
taper evenly and gradually toward the root apex. In the apical portion, the root often shows 
a significant curvature.

4.10.2. Labiopalatal section

The anatomical feature is almost identical to that of the central incisor. Generally, the pulp 
cavity of the lateral incisor closely resembles the outline form of the crown and the root. The 

Figure 12. Distal aspect of maxillary permanent lateral incisor.
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4.7.2. Outlines
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Palatal outline: similar to the palatal outline of the mesial surface.

Crest of curvatures: are similar in position to their mesial counterparts.

Incisal outline: rounded in newly erupted teeth and flat in worn out teeth.

Root: the distal surface of the root is slightly more convex than mesial.

4.8.3. Surface anatomy

The distal surface is smaller and more convex in all dimensions than the mesial surface. The 
contact area is shorter and not as incisally placed, when compared to the mesial contact. It is 
normally located at middle of the middle one-third and centered labiopalatally (see Figure 12).
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aspect of the tooth, the pulp horns appear to be blunted. The pulp chamber and root canal 
taper evenly and gradually toward the root apex. In the apical portion, the root often shows 
a significant curvature.

4.10.2. Labiopalatal section

The anatomical feature is almost identical to that of the central incisor. Generally, the pulp 
cavity of the lateral incisor closely resembles the outline form of the crown and the root. The 
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pulp projections are usually well developed and prominent. In the incisal region, the pulp 
chamber is narrow, and at the cervical level of the tooth it may become very wide. When the 
cervical enlargement of the pulp chamber is lacking, the root canal tapers slightly to the api-
cal constriction at the root tip. Many of the apical foramina exit on the labial or palatal aspect 
of the root.

4.10.3. Cervical cross section

The cervical cross section shows the pulp chamber to be centered within the root. The root 
form of this tooth shows a large variation in shape. The outline form of this tooth may be tri-
angular, oval or round. The pulp chamber generally follows the outline form of the root, but 
secondary dentin may narrow the canal significantly [9] (see Figure 14).

4.11. Tooth sockets

The second socket from the midline is that of the lateral incisor. It is generally conical and 
egg-shaped, or ovoid, with the widest portion to the labial. It is smaller on cross section, 
although it is often deeper than the central alveolus. Sometimes, it is curved at the upper 
extremity [10].

Figure 13. Incisal aspect of maxillary permanent lateral incisor.

Figure 14. Pulp cavity for the mesiodistal, labiopalatal, midroot and cervical sections of maxillary permanent lateral 
incisor.
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4.12. Occlusion

The upper lateral incisors are usually located labially to the mandibular teeth when the mouth 
is closed. The upper lateral incisor occludes with the distolabial half of the mandibular lateral 
and with the mesiolabial inclined plane of the mandibular canine [11].

4.13. Variation

1. The incisal portion of the cingulum may exhibit a tubercle.

2. Palatocervical fissure may extend all the way onto the root surface from the adjacent 
cingulum.

3. Distorted crowns and unusual root curvatures are more commonly seen than with any 
other incisor.

4. A diminutive peg-shaped crown form, which is relatively common, and is due to a lack 
of development of the mesial and distal portions of the crown.

5. Maxillary laterals sometimes are congenitally missing, that is, tooth buds do not form.

6. The palatal pit of the maxillary lateral may be the entrance site where enamel and 
dentin have become invaginated in the tooth's pulp cavity, due to a developmental 
aberrancy called dens in dente [1].

5. Permanent mandibular central incisor

5.1. Unique characteristics

The crown dimensions are the smallest of any tooth, it has bilaterally symmetrical crown, and the 
line angles are the sharpest of any tooth. The proximal contact areas are at the same level. The inci-
sal edge is lingual to labiolingual bisector. It shows the shallowest labial developmental grooves, 
smoothest lingual surface contour and the least developed cingulum. As the smallest tooth in the 
dentition, the mandibular central incisor has only one antagonist. This tooth and the maxillary 
third molar are the only teeth that have one antagonist (see Figure 15).

5.2. Arch position

It occupies the position adjacent to the midline in each mandibular quadrant. They share a 
mesial contact area with each other, while the distal contact is with the permanent lateral 
incisor.

5.3. Function

These teeth function in biting, cutting, incising and shearing, just as do their maxillary 
counterparts.

Permanent Maxillary and Mandibular Incisors
http://dx.doi.org/10.5772/intechopen.69542

21
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6. The palatal pit of the maxillary lateral may be the entrance site where enamel and 
dentin have become invaginated in the tooth's pulp cavity, due to a developmental 
aberrancy called dens in dente [1].

5. Permanent mandibular central incisor

5.1. Unique characteristics

The crown dimensions are the smallest of any tooth, it has bilaterally symmetrical crown, and the 
line angles are the sharpest of any tooth. The proximal contact areas are at the same level. The inci-
sal edge is lingual to labiolingual bisector. It shows the shallowest labial developmental grooves, 
smoothest lingual surface contour and the least developed cingulum. As the smallest tooth in the 
dentition, the mandibular central incisor has only one antagonist. This tooth and the maxillary 
third molar are the only teeth that have one antagonist (see Figure 15).

5.2. Arch position

It occupies the position adjacent to the midline in each mandibular quadrant. They share a 
mesial contact area with each other, while the distal contact is with the permanent lateral 
incisor.

5.3. Function

These teeth function in biting, cutting, incising and shearing, just as do their maxillary 
counterparts.
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5.4. Development

It developed from four lobes (three mamelons and one cingulum). Shortly after eruption, 
mamelons are usually worn away by attrition and the incisal edges of all incisors are straight 
[6] (Table 5). The mesiodistal and labiolingual measurements for mandibular permanent cen-
tral incisor (mm) are shown in Table 6.

Figure 15. Diagram showing the labial, lingual, mesial, distal and incisal aspects of the mandibular permanent central 
incisor.

Crown length Root length MD at  
contact area

MD at 
cervical line

LL at crest of 
curvature

LL at cervical 
line

Curvature of CL

M D

9.0 12.5 5.0 3.5 6.0 5.3 3.0 2.0

Table 6. Measurements in millimeter of mandibular permanent central incisor.

Appearance of dental organ 5 months I.U.L.

Beginning of calcification 3–4 months

Crown completed 4–5 years

Eruption 6–7 years

Root completed 9 years

Table 5. Chronology table of mandibular permanent central incisor.
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5.5. Labial aspect

5.5.1. Geometric outline

It is trapezoidal in shape with the shortest uneven side toward the cervix.

5.5.2. Outlines

Cervical line: the cervical line is symmetrically curved toward the root.

Mesial outline: the mesial margin normally tapers evenly toward the cervical part in a nearly 
straight line.

Distal outline: the outline is straight and almost exactly like the mesial outline.

Incisal outline: In newly erupted teeth, three mamelons most always be seen. After incisal 
wear has obliterated the mamelons, the incisal outline is straight, and at right angles to the 
long axis of the tooth.

Contact areas: mesially, the height of contour is associated with the contact area in the incisal 
third, very close to the incisal margin. The height of contour is also in the incisal third and in 
the same level, distally.

Angles: the mesioincisal angle is quite sharp with a similarly sharp distoincisal angle, nor-
mally more so than any of the incisal angles of maxillary incisors.

Root: a straight single root, tapering at the apical third. The labial surface is narrow and 
convex. The mesial and distal outlines are straight down to the apical portion. Its apical third 
ends in a pointed apex, which tends to curve distally. The root appears longer compared to 
the crown length.

5.5.3. Surface anatomy

The labial surface is generally convex both mesiodistally and incisocervically, but not to the 
extent of the maxillary incisors, especially the maxillary lateral. However, like the maxillary 

Figure 16. Labial aspect of mandibular permanent central incisor.
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Distal outline: the outline is straight and almost exactly like the mesial outline.

Incisal outline: In newly erupted teeth, three mamelons most always be seen. After incisal 
wear has obliterated the mamelons, the incisal outline is straight, and at right angles to the 
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Contact areas: mesially, the height of contour is associated with the contact area in the incisal 
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extent of the maxillary incisors, especially the maxillary lateral. However, like the maxillary 

Figure 16. Labial aspect of mandibular permanent central incisor.
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incisors, the convexities are much greater in the cervical third. In fact, in some specimens the 
labial surface may be quite flat incisal to the height of contour. Developmental grooves and 
imbrication lines are not normally present. Occasionally, there are very faint grooves which 
only occur near the incisal margin of the labial surface (see Figure 16).

5.6. Lingual aspect

5.6.1. Geometric outline

It is trapezoidal in shape with the smallest uneven side toward the cervix.

5.6.2. Outlines

Cervical line: curves evenly toward the root, but is located farther from the incisal ridge than 
the labial surface counterpart.

Mesial outline: closely resembles the mesial outline of the labial aspect.

Distal outline: closely resembles the distal outline of the labial aspect.

Incisal outline: closely resembles the incisal outline of the labial aspect.

Contact areas: are similar in position to their labial counterparts.

Angles: are similar to their labial counterparts.

Root: is slightly narrower on the lingual side than on the labial side.

5.6.3. Surface anatomy

The crown is narrower on the lingual surface (lingual convergence). The lingual surface is 
relatively smooth, and its structures are generally less prominent than those of the maxillary 
incisors. There is usually a slight concavity, or lingual fossa, bordered by indistinct marginal 
ridges on the mesial and distal. There are normally no grooves, fissures or pits on the lingual 
surface. A cingulum is normally present, although it is not as prominent as in the maxillary 
incisors. The height of contour is located in the cervical third of the surface, associated with 
the greatest convexity of the cingulum (see Figure 17).

5.7. Mesial aspect

5.7.1. Geometric outline

It is triangular in shape with the wide base at the cervix and narrow apex at the incisal tip.

5.7.2. Outlines

Cervical line: there is a marked, even curvature incisally of the cervical margin.

Dental Anatomy24

Labial outline: slopes in a straight to slightly convex line from the incisal ridge to the crest of 
curvature and is then convex in the remainder of the cervical third.

Lingual outline: concave in the incisal two-thirds and convex in the cingulum area, or cervi-
cal third.

Incisal outline: normally rounded, but can be straight and is located lingual to the center of 
the root. The profile of the incisal edge has downward inclination toward the labial, which is 
opposite to the lingual slope of the maxillary incisors. This is due to the wear pattern between 
the upper and lower incisors.

Crest of curvatures: the labial crest is at the cervical third near the cervical line while the lin-
gual one is found at the middle of the cervical third at the prominence of the cingulum.

Root: the root outlines are nearly straight from the cervical line to the middle third and then 
taper to the rounded apex. The mesial surface of the root is flat with a deep longitudinal 
developmental depression

5.7.3. Surface anatomy

The mesial surface is roughly triangular, or wedge-shaped, like all other anterior teeth. Unlike 
the maxillary incisors, the crown appears to be slightly offset toward the lingual. The contact 
area is located about half way from labial to lingual, and in the incisal third, very close to the 
incisal edge. It has an ovoid shape, which is long incisocervically and narrow labiolingually 
(see Figure 18).

5.8. Distal aspect

5.8.1. Geometric outline

It is triangular in shape.

Figure 17. Lingual aspect of mandibular permanent central incisor.
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incisors, the convexities are much greater in the cervical third. In fact, in some specimens the 
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relatively smooth, and its structures are generally less prominent than those of the maxillary 
incisors. There is usually a slight concavity, or lingual fossa, bordered by indistinct marginal 
ridges on the mesial and distal. There are normally no grooves, fissures or pits on the lingual 
surface. A cingulum is normally present, although it is not as prominent as in the maxillary 
incisors. The height of contour is located in the cervical third of the surface, associated with 
the greatest convexity of the cingulum (see Figure 17).

5.7. Mesial aspect

5.7.1. Geometric outline

It is triangular in shape with the wide base at the cervix and narrow apex at the incisal tip.

5.7.2. Outlines

Cervical line: there is a marked, even curvature incisally of the cervical margin.
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Labial outline: slopes in a straight to slightly convex line from the incisal ridge to the crest of 
curvature and is then convex in the remainder of the cervical third.

Lingual outline: concave in the incisal two-thirds and convex in the cingulum area, or cervi-
cal third.

Incisal outline: normally rounded, but can be straight and is located lingual to the center of 
the root. The profile of the incisal edge has downward inclination toward the labial, which is 
opposite to the lingual slope of the maxillary incisors. This is due to the wear pattern between 
the upper and lower incisors.

Crest of curvatures: the labial crest is at the cervical third near the cervical line while the lin-
gual one is found at the middle of the cervical third at the prominence of the cingulum.

Root: the root outlines are nearly straight from the cervical line to the middle third and then 
taper to the rounded apex. The mesial surface of the root is flat with a deep longitudinal 
developmental depression

5.7.3. Surface anatomy

The mesial surface is roughly triangular, or wedge-shaped, like all other anterior teeth. Unlike 
the maxillary incisors, the crown appears to be slightly offset toward the lingual. The contact 
area is located about half way from labial to lingual, and in the incisal third, very close to the 
incisal edge. It has an ovoid shape, which is long incisocervically and narrow labiolingually 
(see Figure 18).

5.8. Distal aspect

5.8.1. Geometric outline

It is triangular in shape.

Figure 17. Lingual aspect of mandibular permanent central incisor.
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5.8.2. Outlines

Cervical line: curves slightly less toward the incisal.

Labial outline: similar to the labial outline of the mesial surface.

Lingual outline: similar to the lingual outline of the mesial surface.

Incisal outline: similar to the incisal outline of the mesial surface. It is located lingual to the 
center of the root.

Crest of curvature: are similar in position to their mesial counterparts.

Root: similar to the mesial but with a deeper longitudinal developmental depression and 
groove at its center.

5.8.3. Surface anatomy

Even the contact area has a similar location, a fact which is unique among incisors (see 
Figure 19).

Figure 18. Mesial aspect of mandibular permanent central incisor.

Figure 19. Distal aspect of mandibular permanent central incisor.
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5.9. Incisal aspect

The most notable features from the incisal aspect are the symmetry of the mesial and distal 
portions, and the straight incisal edge. Unlike the maxillary central, this tooth is roughly four 
sided, or diamond-shaped, from this aspect, and the tooth is normally wider labiolingually 
than mesiodistally. Because the crown is offset toward the lingual, more of the labial surface 
than the lingual surface is visible from this aspect. Even though the central incisor is described 
as symmetrical from the incisal aspect, careful scrutiny will reveal that the cingulum is very 
slightly offset toward the distal, an important feature when attempting to distinguish right 
from left mandibular central incisors [7, 8] (see Figure 20).

5.10. Pulp cavity

5.10.1. Mesiodistal section

The mesiodistal section of the mandibular central incisor demonstrates the narrowness of the 
pulp cavity. The pulp horns are usually less prominent. The canal also appears narrow, hav-
ing a gentle taper from the pulp chamber to the apical constriction. The canal may exit at the 
apex, or mesially or distally to the apex of the root.

5.10.2. Labiolingual section

The mandibular central incisor is the smallest tooth in the mouth, but its labiolingual dimen-
sion is very large. This tooth usually has one canal, but two canals may be found quite fre-
quently. The pulp chamber may be very small in size, intermediate in size or very large. In the 
apical 3 or 4 mm of the root, the pulp canal may taper gently to the apex or narrow abruptly. 
The apical foramen may exit at the root apex or on the labial aspect of the root.

5.10.3. Cervical cross section

The cervical cross section demonstrates the proportions of the root dimensions. The mesiodis-
tal dimension is small, whereas the labiolingual dimension is very large, the external shape is 
variable; some are round, oval or elliptical. Two separate canals may be present, or a dentinal 
island may make it appear as though two canals are present [9] (see Figure 21).

Figure 20. Incisal aspect of mandibular permanent central incisor.
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5.8.2. Outlines

Cervical line: curves slightly less toward the incisal.

Labial outline: similar to the labial outline of the mesial surface.

Lingual outline: similar to the lingual outline of the mesial surface.

Incisal outline: similar to the incisal outline of the mesial surface. It is located lingual to the 
center of the root.

Crest of curvature: are similar in position to their mesial counterparts.

Root: similar to the mesial but with a deeper longitudinal developmental depression and 
groove at its center.

5.8.3. Surface anatomy

Even the contact area has a similar location, a fact which is unique among incisors (see 
Figure 19).

Figure 18. Mesial aspect of mandibular permanent central incisor.

Figure 19. Distal aspect of mandibular permanent central incisor.
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island may make it appear as though two canals are present [9] (see Figure 21).

Figure 20. Incisal aspect of mandibular permanent central incisor.
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5.11. Tooth sockets

The central incisor socket is flattened on its mesial surface and is usually somewhat concave 
distally to accommodate the developmental groove on the root [10].

5.12. Occlusion

The labioincisal ridge of the lower central incisor strikes the palatal surface of the upper cen-
tral incisor at the junction between the incisal and middle thirds. Its mesial outline is in line 
with the midline and the mesial outline of upper central incisor, while its distal outline is blow 
the junction of the mesial two-thirds and distal thirds of the upper central [11].

5.13. Variation

1. There is great variability in the lingual inclination of the labial surface of mandibular 
central incisor specimens.

2. Anomalies are very rare. Occasionally, a bifurcated root is found which, in mandibular 
incisors, has labial and lingual locations [1].

6. Permanent mandibular lateral incisor

6.1. Unique characteristics

The crown of this tooth is similar to that of the mandibular central incisors, but not bilaterally 
symmetrical. The labial surface has more fan-shaped appearance compared to lower central 
incisor. The incisal ridge is straight and slopes downward toward the distal. The crown of 
the mandibular lateral incisor twisted distolingually slightly on its root in order to allow the 
incisive ridge to follow the curve of the dental arch. The cingulum is shifted to the distal (see 
Figure 22).

Figure 21. Pulp cavity for the mesiodistal, labiolingual, midroot and cervical sections of mandibular permanent central 
incisor.
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6.2. Arch position

The lateral incisors contact mesially with the distal surface of the central incisors and distally 
with the mesial surface of the canines.

6.3. Function

This tooth has the function of incising food as well as aesthetic.

6.4. Development

It developed from four lobes (three mamelons and cingulum) [6] (Table 7). The mesiodistal 
and labiolingual measurements for mandibular permanent lateral incisor (mm) are shown in 
Table 8.

6.5. Labial aspect

6.5.1. Geometric outline

Crown outline is trapezoidal. It has a more fan-shaped appearance from the labial aspect as 
the cervical portion is narrower, while the incisal portion is wider compared to the mandibu-
lar central incisor.

Figure 22. Diagram showing the labial, lingual, mesial, distal and incisal aspects of the mandibular permanent lateral 
incisor.
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with the mesial surface of the canines.
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6.5.2. Outlines

Cervical line: the cervical line is symmetrically curved toward the root.

Mesial outline: the mesial outline of the crown is often longer than the distal outline.

Distal outline: shorter than the mesial outline.

Incisal outline: the incisal ridge is slightly wider mesiodistally. The incisal ridge slopes 
downward in a distal direction.

Contact areas: the distal contact area is more cervically positioned than the mesial contact 
area. The mesial contact is found at the incisal third, near the incisal ridge. The distal contact 
is found also at the incisal third, but more cervical to the level of the mesial contact area.

Angles: the distoincisal angle of the lower lateral incisor is relatively more rounded and 
obtuse than the sharp mesioincisal angle of the mandibular central incisor.

Root: it is similar to that of the central incisor, but is slightly longer.

6.5.3. Surface anatomy

The labial face of the mandibular lateral incisor crown is smooth, with a flattened at the incisal 
third; the middle third is more convex, narrowing down to the convexity of the root at the 
cervical portion (see Figure 23).

6.6. Labial aspect

6.6.1. Geometric outline

Crown outline is trapezoid in shape.

Appearance of dental organ 5 months I.U.L.

Beginning of calcification 3–4 months

Crown completed 4–5 years

Eruption 6–7 years

Root completed 9 years

Table 7. Chronology table of mandibular permanent lateral incisor.

Crown length Root length MD at  
contact area

MD at 
cervical line

LL at crest of 
curvature

LL at cervical 
line

Curvature of CL

M D

9.5 14.0 5.5 4 6.5 5.3 3.0 2.0

Table 8. Measurements in millimeter of mandibular permanent lateral incisor.
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6.6.2. Outlines

Cervical line: semicircular more curved root wise compared to its labial counterpart. The 
curvature of cervical line is also offset distally.

Mesial outline: closely resembles the mesial outline of the labial aspect.

Distal outline: closely resembles the distal outline of the labial aspect.

Incisal outline: closely resembles the incisal outline of the labial aspect.

Contact areas: are similar in position to their labial counterparts.

Angles: are similar in position to their labial counterparts.

Root: is slightly narrower on the lingual side than on the labial side.

6.6.3. Surface anatomy

It has faint mesial and distal marginal ridges as well as cingulum, which are less developed. 
The mesial marginal ridge is longer than the distal marginal ridge. The cingulum is deviated 
distal to the center of the lingual surface (see Figure 24).

6.7. Mesial aspect

6.7.1. Geometric outline

It is triangular in shape with the wide base at the cervix and narrow apex at the incisal tip.

6.7.2. Outlines

Cervical line: there is a marked, even curvature incisally of the cervical margin.

Figure 23. Labial aspect of mandibular permanent lateral incisor.
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6.5.2. Outlines
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LL at crest of 
curvature

LL at cervical 
line

Curvature of CL

M D

9.5 14.0 5.5 4 6.5 5.3 3.0 2.0

Table 8. Measurements in millimeter of mandibular permanent lateral incisor.
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6.6.2. Outlines

Cervical line: semicircular more curved root wise compared to its labial counterpart. The 
curvature of cervical line is also offset distally.

Mesial outline: closely resembles the mesial outline of the labial aspect.

Distal outline: closely resembles the distal outline of the labial aspect.

Incisal outline: closely resembles the incisal outline of the labial aspect.

Contact areas: are similar in position to their labial counterparts.

Angles: are similar in position to their labial counterparts.

Root: is slightly narrower on the lingual side than on the labial side.

6.6.3. Surface anatomy

It has faint mesial and distal marginal ridges as well as cingulum, which are less developed. 
The mesial marginal ridge is longer than the distal marginal ridge. The cingulum is deviated 
distal to the center of the lingual surface (see Figure 24).

6.7. Mesial aspect

6.7.1. Geometric outline

It is triangular in shape with the wide base at the cervix and narrow apex at the incisal tip.

6.7.2. Outlines

Cervical line: there is a marked, even curvature incisally of the cervical margin.

Figure 23. Labial aspect of mandibular permanent lateral incisor.
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Labial outline: slopes in a straight to slightly convex line from the incisal ridge to the crest of 
curvature and is then convex in the remainder of the cervical third.

Lingual outline: concave in the incisal two-thirds and convex in the cingulum area, or cervi-
cal third.

Incisal outline: normally rounded, but can be straight and is located lingual to the center of 
the root.

Crest of curvatures: the labial crest is at the cervical third near the cervical line, while the 
lingual one is found at the middle of the cervical third at the prominence of the cingulum.

Root: the root form is similar to that of the mandibular central incisor, including the presence 
of developmental depression, mesially.

6.7.3. Surface anatomy

The mesial side of the crown is often longer than the distal side; this causes the incisal ridge, 
which is straight, to slope downward in a distal direction. The mesial contact area cen-
tered labiolingually and at the incisal third near the mesioincisal angle, incisocervically (see 
Figure 25).

Figure 24. Lingual aspect of mandibular permanent lateral incisor.

Figure 25. Mesial aspect of mandibular permanent lateral incisor.
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6.8. Distal aspect

6.8.1. Geometric outline

It is triangular in shape.

6.8.2. Outlines

Cervical line: curves slightly less toward the incisal.

Labial outline: similar to the labial outline of the mesial surface.

Lingual outline: similar to the lingual outline of the mesial surface.

Incisal outline: normally rounded but can be straight and is located lingual to the center of 
the root.

Crest of curvature: is similar in position to their mesial counterparts.

Root: the root form is similar to that of the mandibular central incisor, including the presence 
of developmental depression, distally.

6.8.3. Surface anatomy

The distal surface is shorter incisocervically. The distal contact area is more cervical than 
the mesial one. The concavity immediately above the cervical line on the distal surface 
of the mandibular lateral incisor is deeper than that of the lower central incisor (see 
Figure 26).

6.9. Incisal aspect

The incisal ridge is tilted distally and lingually. The crown of the lower lateral incisor twisted 
distolingually slightly on its root in order to allow the incisive ridge to follow the curve of the 
dental arch. The cingulum is shifted to the distal. It is interesting to note that the labiolingual 
root axes of mandibular central and lateral incisors remain almost parallel in the alveolar pro-
cess, even though the incisal ridges are not directly in line [7, 8] (see Figure 27).

6.10. Pulp cavity

6.10.1. Mesiodistal section

Similar to that of the mandibular central incisor.

6.10.2. Labiolingual section

Similar to that of the mandibular central incisor.
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Labial outline: slopes in a straight to slightly convex line from the incisal ridge to the crest of 
curvature and is then convex in the remainder of the cervical third.

Lingual outline: concave in the incisal two-thirds and convex in the cingulum area, or cervi-
cal third.

Incisal outline: normally rounded, but can be straight and is located lingual to the center of 
the root.

Crest of curvatures: the labial crest is at the cervical third near the cervical line, while the 
lingual one is found at the middle of the cervical third at the prominence of the cingulum.

Root: the root form is similar to that of the mandibular central incisor, including the presence 
of developmental depression, mesially.

6.7.3. Surface anatomy

The mesial side of the crown is often longer than the distal side; this causes the incisal ridge, 
which is straight, to slope downward in a distal direction. The mesial contact area cen-
tered labiolingually and at the incisal third near the mesioincisal angle, incisocervically (see 
Figure 25).

Figure 24. Lingual aspect of mandibular permanent lateral incisor.

Figure 25. Mesial aspect of mandibular permanent lateral incisor.
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6.8. Distal aspect

6.8.1. Geometric outline

It is triangular in shape.

6.8.2. Outlines

Cervical line: curves slightly less toward the incisal.

Labial outline: similar to the labial outline of the mesial surface.

Lingual outline: similar to the lingual outline of the mesial surface.

Incisal outline: normally rounded but can be straight and is located lingual to the center of 
the root.

Crest of curvature: is similar in position to their mesial counterparts.

Root: the root form is similar to that of the mandibular central incisor, including the presence 
of developmental depression, distally.

6.8.3. Surface anatomy

The distal surface is shorter incisocervically. The distal contact area is more cervical than 
the mesial one. The concavity immediately above the cervical line on the distal surface 
of the mandibular lateral incisor is deeper than that of the lower central incisor (see 
Figure 26).

6.9. Incisal aspect

The incisal ridge is tilted distally and lingually. The crown of the lower lateral incisor twisted 
distolingually slightly on its root in order to allow the incisive ridge to follow the curve of the 
dental arch. The cingulum is shifted to the distal. It is interesting to note that the labiolingual 
root axes of mandibular central and lateral incisors remain almost parallel in the alveolar pro-
cess, even though the incisal ridges are not directly in line [7, 8] (see Figure 27).

6.10. Pulp cavity

6.10.1. Mesiodistal section

Similar to that of the mandibular central incisor.

6.10.2. Labiolingual section

Similar to that of the mandibular central incisor.
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6.10.3. Cervical cross section

Similar to that of the mandibular central incisor [9] (see Figure 28).

6.11. Tooth sockets

The socket of the mandibular lateral incisor is similar to that of the central incisor. It usually 
has the following variations; the socket is larger and deeper to accommodate a larger and 
longer root [10].

Figure 26. Distal aspect of mandibular permanent lateral incisor.

Figure 27. Incisal aspect of mandibular permanent lateral incisor.

Figure 28. Pulp cavity for the mesiodistal, labiolingual, midroot and cervical sections of mandibular permanent lateral 
incisor.
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6.12. Occlusion

Labioincisal ridge contacts both maxillary central and lateral incisors at the junction of their 
incisal and middle thirds. The cingulum is free of contact. The mesial outline is identical with 
the junction of the distal and middle thirds of maxillary central. The distal outline is centered 
below maxillary lateral incisor [11].

6.13. Variation

Anomalies are rare, but occasionally a bifurcated root is found [1].
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Abstract

The permanent premolar teeth are placed between the anterior teeth and molars. Eight
premolars are found in the permanent dentition, four per arch and two in each quadrant.
The main function of premolars is to assist the canines in regard to tear and pierce the food
and supplement the grinding of the molars during mastication. The other functions are to
support the corners of the mouth reinforce esthetics during smiling and maintain the
vertical dimension. Detailed morphology of the permanent premolar teeth is narrated in
a pointwise and systematic manner in this chapter.

Keywords: teeth, premolars, dental anatomy

1. Introduction

The premolars develop from four lobes with the exception of the mandibular second premolar
which develops from five lobes. The facial surfaces of the premolars develop from three facial
lobes like anterior teeth. Likewise, the lingual surfaces of most premolars develop from one
lingual lobe like anterior teeth. While mandibular first premolars develop from four lobes
(mesial, distal, buccal, and lingual) just like the anterior teeth and maxillary premolars, man-
dibular second premolars often develop from five lobes (mesial, buccal, distal, mesiolingual,
and distolingual lobes). That is why the term “bicuspid” signifies “two cusps,” widely used to
describe premolars, may be inappropriate for this group of teeth since the mandibular pre-
molars may show a variation in the number of cusps from one to three. In anterior teeth, the
lingual lobe forms the cingulum of the incisors and canines. However, in premolar teeth, this
lobe forms the lingual cusps. The lingual cusps of mandibular premolars are less prominent
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The permanent premolar teeth are placed between the anterior teeth and molars. Eight
premolars are found in the permanent dentition, four per arch and two in each quadrant.
The main function of premolars is to assist the canines in regard to tear and pierce the food
and supplement the grinding of the molars during mastication. The other functions are to
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1. Introduction

The premolars develop from four lobes with the exception of the mandibular second premolar
which develops from five lobes. The facial surfaces of the premolars develop from three facial
lobes like anterior teeth. Likewise, the lingual surfaces of most premolars develop from one
lingual lobe like anterior teeth. While mandibular first premolars develop from four lobes
(mesial, distal, buccal, and lingual) just like the anterior teeth and maxillary premolars, man-
dibular second premolars often develop from five lobes (mesial, buccal, distal, mesiolingual,
and distolingual lobes). That is why the term “bicuspid” signifies “two cusps,” widely used to
describe premolars, may be inappropriate for this group of teeth since the mandibular pre-
molars may show a variation in the number of cusps from one to three. In anterior teeth, the
lingual lobe forms the cingulum of the incisors and canines. However, in premolar teeth, this
lobe forms the lingual cusps. The lingual cusps of mandibular premolars are less prominent
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than the buccal cusps. There are no deciduous premolars. These teeth erupt at the position
previously occupied by the deciduous molars.

Timing of teeth eruption can be affected by many factors such as gender, environmental factors
and genetic conditions and differs from population to population [1–3]. The agenesis of lower
second premolars and maxillary lateral incisors are the most frequent and it could be radio-
graphically documented if the median age of emergence of these teeth was passed [1]. On the
other hand, caries in primary molar teeth or early extraction of second primary molar could
accelerate the eruption time of permanent premolars [1]. The classic sequences of teeth eruption
in the maxillae is as follows: first molar, central incisor, lateral incisor, first premolar, canine,
second premolar and second molar whereas in the mandible, central incisor, first molar, lateral
incisor, canine, first premolar, second premolar and second molar [2]. In addition, generally, in
girls, the maxillary canine can be expected before the second premolar, and the mandibular
second premolar can be expected before second molar; in boys both orders are reversed [3].

The detailed descriptions of morphologies of from all aspects, chronology of development,
form and function, the common characteristics of the permanent premolar teeth were
presented in this chapter. In addition, the major differences between these teeth were given in
a pointwise and systematic manner [4–11].

2. The permanent maxillary premolars

2.1. Permanent maxillary first premolars

The maxillary first premolar is the fourth permanent tooth from the median line in the maxil-
lary arch, located laterally from both the maxillary canines of the mouth but mesial from both
maxillary second premolars. It is the first posterior tooth. Chronologic development of the
maxillary first premolar is given in Table 1.

In the universal system of notation, the right permanent maxillary first premolar is shown as
“#5,” and the left one is shown as “#12.” According to the international notation, the right
permanent maxillary first premolar is shown as “14,” and the left one is shown as “24.”
Besides, in the Palmer notation, the right permanent maxillary first premolar is symbolized as
“ ,” the left one is symbolized as “ .”

The image of maxillary first premolar from all aspects is seen in Figure 1. A. Buccal, B. Lingual,
C. Mesial, D. Distal, E. Occlusal.

Development stage Years

Initiation of calcification 1 ½–1 ¾ years

Enamel completion 5–6 years

Eruption 10–11 years

Root completion 12–13 years

Table 1. Chronologic development of the maxillary first premolar teeth.
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The buccolingual dimension is higher than the mesiodistal dimension. The buccal, lingual, and
distal surfaces of the crown display convexities in different degrees.

2.1.1. Buccal aspect

The pentagonal or trapezoidal shape of the crown is noticeable from the facial aspect. With this
form of the crown, the permanent maxillary first premolar appears to be similar to those of the
maxillary canine and second premolar. While the canine has a larger size crown with a more
prominent cusp tip, the second premolar has a smaller crown with a less prominent cusp tip.
Additionally, the crown is smaller in the cervico-occlusal dimension than any anterior tooth,
but larger than that of the second premolar or permanent molars. The greatest mesiodistal
width of the crown is about 2 mm less at the cervical region.

The buccal surface is convex with the exception of the developmental depressions. The well-
developed middle buccal lobe forms a continuous ridge from the tip of the buccal cusp to the
cervical margin. This ridge is called as “buccal ridge” and demarcates the three developmental
lobes. Mesiobuccal and distobuccal developmental depressions exist on both mesial and distal
sides of the buccal ridge. These depressions divide the occlusal portion of the buccal surface
into vertical thirds, consisting of mesiobuccal, distobuccal, and buccal lobes. Mesiobuccal and
distobuccal lobes serve to emphasize strong mesiobuccal and distobuccal line angles on the
crown. The imbrication lines are in parallel and semicircular forms and also common in the
cervical third of the buccal surface.

Figure 1. Maxillary first premolar tooth from different aspects. A. Buccal, B. Lingual, C. Mesial, D. Distal, E. Occlusal.
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than the buccal cusps. There are no deciduous premolars. These teeth erupt at the position
previously occupied by the deciduous molars.
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graphically documented if the median age of emergence of these teeth was passed [1]. On the
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girls, the maxillary canine can be expected before the second premolar, and the mandibular
second premolar can be expected before second molar; in boys both orders are reversed [3].

The detailed descriptions of morphologies of from all aspects, chronology of development,
form and function, the common characteristics of the permanent premolar teeth were
presented in this chapter. In addition, the major differences between these teeth were given in
a pointwise and systematic manner [4–11].
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Enamel completion 5–6 years

Eruption 10–11 years

Root completion 12–13 years

Table 1. Chronologic development of the maxillary first premolar teeth.
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The buccolingual dimension is higher than the mesiodistal dimension. The buccal, lingual, and
distal surfaces of the crown display convexities in different degrees.

2.1.1. Buccal aspect

The pentagonal or trapezoidal shape of the crown is noticeable from the facial aspect. With this
form of the crown, the permanent maxillary first premolar appears to be similar to those of the
maxillary canine and second premolar. While the canine has a larger size crown with a more
prominent cusp tip, the second premolar has a smaller crown with a less prominent cusp tip.
Additionally, the crown is smaller in the cervico-occlusal dimension than any anterior tooth,
but larger than that of the second premolar or permanent molars. The greatest mesiodistal
width of the crown is about 2 mm less at the cervical region.

The buccal surface is convex with the exception of the developmental depressions. The well-
developed middle buccal lobe forms a continuous ridge from the tip of the buccal cusp to the
cervical margin. This ridge is called as “buccal ridge” and demarcates the three developmental
lobes. Mesiobuccal and distobuccal developmental depressions exist on both mesial and distal
sides of the buccal ridge. These depressions divide the occlusal portion of the buccal surface
into vertical thirds, consisting of mesiobuccal, distobuccal, and buccal lobes. Mesiobuccal and
distobuccal lobes serve to emphasize strong mesiobuccal and distobuccal line angles on the
crown. The imbrication lines are in parallel and semicircular forms and also common in the
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From this aspect, cervical line of the crown is convex. In addition, the curvature depth is less at
the cervical margin of the crown than those of anterior teeth. The crest curvature of the cervical
line is almost placed at the center of the root.

The mesial contour of the crown presents a shallow concavity extending from the
cementoenamel junction to the mesial contact area. The highest contour of mesial curvature is
at the contact area and located near the junction of the occlusal and middle thirds. The mesial
margin of the buccal cusp is lying from the contact area to the tip of the buccal cusp and it
creates the mesio-occlusal angle. This margin is less curved and longer than the distal slope of
the buccal cusp.

The buccal cusp tip is placed slightly toward the distal. Therefore, unequal two portions are
seen at the buccal aspect of the crown of occlusal outlines. A concavity or notch may be
observed as a result of the developmental depressions passing over the occlusal margin.

The distal contour of the crown presents more concave and straighter form below the
cementoenamel junction than that of mesial contour. The crest curvature of the distal contact
area is located slightly more occlusally.

2.1.2. Lingual aspect

The tooth is narrower mesiodistally at the lingual than at the buccal. Therefore, the crown
converges toward the lingual cusp. The lingual ridge is barely defined. Both the buccal and
lingual cusp tips are visible from this aspect, since the lingual cusp is shorter than the buccal
cusp. The lingual cusp of the maxillary first premolar is the shortest of the four maxillary
premolar cusps.

The lingual portion of the crown is convex and has a spheroidal form. The cervical line at this
aspect is regular, with symmetrical curvature toward the root and the crest of curvature is
centered on the root. The proximal outlines of the crown at the lingual aspect are convex. These
outlines are convex and continuous with the mesial and distal slopes of the lingual cusp. If the
tooth presents the severe mesial concavity, the mesial outline may be concave.

The lingual cusp tip is situated well anterior (mesial) to the mid-buccolingual diameter of the
crown, so the two cusp tips are not placed on the same axis. This cusp tip is not as sharply
pointed as the buccal cusp tip. The mesio-occlusal slope of the lingual cusp is shorter than the
disto-occlusal slope.

The developmental depressions, grooves, or pits are normally not found on the lingual surface.

2.1.3. Mesial aspect

From the proximal aspects, all maxillary posterior teeth are present in trapezoidal geometric
form. The buccal cusp is longer than the lingual cusp by 1 mm or occasionally more. Well-
marked mesial and distal ridges are seen in both cusps. The mesial surface of the crown displays
a concavity toward the cementoenamel junction. This concavity extends cervically on the mesial
surface and joins a deep developmental depression of the root area. This mesial developmental
depression is sometimes called “the canine fossa” and located cervically to the mesial contact
area. There is a groove called “mesial marginal groove,” that is usually present on the mesial
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surface of the crown. This groove extends across the mesial marginal ridge from the occlusal
surface. Mesial developmental depression and mesial marginal groove are the specific land-
marks of maxillary first premolars that help to distinguish the maxillary first premolar tooth
from the maxillary second premolar. The facial contour of the crown is convex with the height of
contour located at the junction of cervical and middle third. The lingual contour is also convex
form of an even arc, with its crest of contour located within the middle third of the crown. The
occlusal margin is formed by the mesial marginal ridge. This margin is slightly concave.

2.1.4. Distal aspect

From the distal aspect, a maxillary first premolar tooth is remarkably similar to the mesial
view, except this side of the crown is slightly shorter occlusocervically. There are also other
differences including the general convexity of the distal surface at all directions. This surface
does not exhibit the concavity, which is present on the mesial surface. However, there may
sometimes be a flattening in the cervical of the contact area and buccal of the center of the
distal surface. Moreover, the curvature of cervical line is occlusally less on the distal than on
the mesial. The buccal outline is convex. Buccal crest curvature is in the gingival third. The
lingual outline is symmetrically convex with the lingual crest curvature that is in the middle
third. The distal marginal ridge is located at a more cervical level. There is normally no deep
developmental groove crossing the distal marginal ridge. In the rare instances when it is
present, it is shallow and insignificant.

2.1.5. Occlusal aspect

The schematic description of the occlusal table is given in Figure 2. From the occlusal aspect,
the maxillary first premolar can be described as hexagonal or six-sided figure. This form is
made up of the mesiobuccal, mesial, mesiolingual, distolingual, distal, and distobuccal sides.

Figure 2. The schematic description of the occlusal table of the maxillary first premolar tooth.
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From this aspect, cervical line of the crown is convex. In addition, the curvature depth is less at
the cervical margin of the crown than those of anterior teeth. The crest curvature of the cervical
line is almost placed at the center of the root.

The mesial contour of the crown presents a shallow concavity extending from the
cementoenamel junction to the mesial contact area. The highest contour of mesial curvature is
at the contact area and located near the junction of the occlusal and middle thirds. The mesial
margin of the buccal cusp is lying from the contact area to the tip of the buccal cusp and it
creates the mesio-occlusal angle. This margin is less curved and longer than the distal slope of
the buccal cusp.

The buccal cusp tip is placed slightly toward the distal. Therefore, unequal two portions are
seen at the buccal aspect of the crown of occlusal outlines. A concavity or notch may be
observed as a result of the developmental depressions passing over the occlusal margin.

The distal contour of the crown presents more concave and straighter form below the
cementoenamel junction than that of mesial contour. The crest curvature of the distal contact
area is located slightly more occlusally.

2.1.2. Lingual aspect

The tooth is narrower mesiodistally at the lingual than at the buccal. Therefore, the crown
converges toward the lingual cusp. The lingual ridge is barely defined. Both the buccal and
lingual cusp tips are visible from this aspect, since the lingual cusp is shorter than the buccal
cusp. The lingual cusp of the maxillary first premolar is the shortest of the four maxillary
premolar cusps.

The lingual portion of the crown is convex and has a spheroidal form. The cervical line at this
aspect is regular, with symmetrical curvature toward the root and the crest of curvature is
centered on the root. The proximal outlines of the crown at the lingual aspect are convex. These
outlines are convex and continuous with the mesial and distal slopes of the lingual cusp. If the
tooth presents the severe mesial concavity, the mesial outline may be concave.

The lingual cusp tip is situated well anterior (mesial) to the mid-buccolingual diameter of the
crown, so the two cusp tips are not placed on the same axis. This cusp tip is not as sharply
pointed as the buccal cusp tip. The mesio-occlusal slope of the lingual cusp is shorter than the
disto-occlusal slope.

The developmental depressions, grooves, or pits are normally not found on the lingual surface.

2.1.3. Mesial aspect

From the proximal aspects, all maxillary posterior teeth are present in trapezoidal geometric
form. The buccal cusp is longer than the lingual cusp by 1 mm or occasionally more. Well-
marked mesial and distal ridges are seen in both cusps. The mesial surface of the crown displays
a concavity toward the cementoenamel junction. This concavity extends cervically on the mesial
surface and joins a deep developmental depression of the root area. This mesial developmental
depression is sometimes called “the canine fossa” and located cervically to the mesial contact
area. There is a groove called “mesial marginal groove,” that is usually present on the mesial
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surface of the crown. This groove extends across the mesial marginal ridge from the occlusal
surface. Mesial developmental depression and mesial marginal groove are the specific land-
marks of maxillary first premolars that help to distinguish the maxillary first premolar tooth
from the maxillary second premolar. The facial contour of the crown is convex with the height of
contour located at the junction of cervical and middle third. The lingual contour is also convex
form of an even arc, with its crest of contour located within the middle third of the crown. The
occlusal margin is formed by the mesial marginal ridge. This margin is slightly concave.

2.1.4. Distal aspect

From the distal aspect, a maxillary first premolar tooth is remarkably similar to the mesial
view, except this side of the crown is slightly shorter occlusocervically. There are also other
differences including the general convexity of the distal surface at all directions. This surface
does not exhibit the concavity, which is present on the mesial surface. However, there may
sometimes be a flattening in the cervical of the contact area and buccal of the center of the
distal surface. Moreover, the curvature of cervical line is occlusally less on the distal than on
the mesial. The buccal outline is convex. Buccal crest curvature is in the gingival third. The
lingual outline is symmetrically convex with the lingual crest curvature that is in the middle
third. The distal marginal ridge is located at a more cervical level. There is normally no deep
developmental groove crossing the distal marginal ridge. In the rare instances when it is
present, it is shallow and insignificant.

2.1.5. Occlusal aspect

The schematic description of the occlusal table is given in Figure 2. From the occlusal aspect,
the maxillary first premolar can be described as hexagonal or six-sided figure. This form is
made up of the mesiobuccal, mesial, mesiolingual, distolingual, distal, and distobuccal sides.

Figure 2. The schematic description of the occlusal table of the maxillary first premolar tooth.
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The crown is wider buccolingually than mesiodistally. In addition, the mesiobuccal and
distobuccal sides are almost equal, whereas the mesial side is shorter than the distal side, and
the mesiolingual side is shorter than the distolingual side.

The outline of the crown at the buccal surface is generally convex. The prominent buccal ridge
contributes to this convexity. However, when the buccal developmental depressions are deep,
they may create slight concavities in the outline on the mesiobuccal and distobuccal sides of
the buccal ridge.

The lingual outline is almost equally convex in semicircular arch form. Mesial and distal
margins are relatively straight, and they converge toward the lingual. If the mesial marginal
groove is prominent, a dip might be seen in the mesial outline of the crown.

2.1.5.1. Occlusal table components

The cusp ridges and marginal ridges limit the occlusal surface of the maxillary first premolar.
Two cusps (buccal and lingual) are placed at the occlusal table. The buccal cusp is generally
sharper, longer, and wider than the lingual cusp. On the buccal cusp, the buccal ridge descends
from the cusp tip cervically to the buccal surface. The mesial and distal ridges descend from
the cusp tip to their respective point angles. The buccal cusp has four inclined planes. These
planes are called as mesiobuccal inclined plane, distobuccal inclined plane, mesiolingual
inclined plane, and distolingual inclined plane. During the active occlusion, the lingual inclines
of the buccal cusps of the maxillary posterior teeth determine the path of the supporting cusps
during normal lateral and protrusive working excursions.

The lingual cusp is generally smaller than the buccal cusp. The lingual cusp tip is offset toward
the mesial. The lingual cusp ridge extends from the cusp tip lingually to the central area of the
occlusal surface. This cusp also presents four cusp ridges and four inclined planes located and
named in the same manner as those of the buccal cusp.

The crest of the distal contact area is somewhat buccal to that of the mesial contact area, and
the crest of the buccal ridge is somewhat distal to that of the lingual ridge. The crests of
curvature represent the highest points on the buccal and lingual ridges and the mesial and
distal contact areas. When two triangular ridges join, after traversing the tooth buccolingually,
they form a “transverse ridge.” The union of the two triangular ridges forms this transverse
ridge. In other words, the lingual cusp ridge of the buccal cusp and the buccal cusp ridge of the
lingual cusp form the transverse ridge of the occlusal surface.

From the occlusal aspect, close observation reveals that the mesiodistal dimension of the crown
is narrower than the buccolingual dimension. The major structures, pits, and grooves are the
primary anatomic features. The supplemental grooves are not present in most cases on the
occlusal surface of maxillary first premolar teeth. For this reason, the occlusal surface is relatively
smooth. A well-defined “central developmental groove” divides the surface buccolingually. A “mesial
marginal developmental groove” extends from the central developmental groove and crosses the
mesial marginal ridge and ends on the mesial surface of the crown.

Two developmental grooves connect to the central groove inside the mesial and distal marginal
ridges. These grooves are the “mesiobuccal developmental groove” and the “distobuccal developmental
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groove.” The connections of the grooves are located at opposite ends of the central developmental
groove, and deeply pointed. These grooves usually end in a deep depression in the occlusal
surface called the “mesial” and “distal developmental pits.”

The triangular depression that harbors themesiobuccal developmental groove is located just distal
to the mesial marginal ridge and called the “mesial triangular fossa.” Likewise, the depression in the
occlusal surface, just mesial to the distal marginal ridge, is called the “distal triangular fossa.”

2.1.6. Root

Root contour form of the maxillary first premolar from the buccal aspect still bears a close
resemblance to the maxillary canine. However, it is about 3–4 mm shorter than maxillary
canine. The maxillary first premolar tooth with two roots presents a smooth and convex
lingual root with a blunter root apex than the buccal root apex. The root trunk is flattened at
this aspect above the cervical line. The bifurcation of the roots is located near the apical third,
with no developmental groove.

The average measurements of the maxillary first premolar are shown in Table 2.

2.2. Permanent maxillary second premolars

The permanent maxillary second premolar is the fifth tooth from the midline. The maxillary
second premolars closely resemble the maxillary first premolar and supplement the latter in
function. The maxillary second premolar tooth shares a mesial contact with the maxillary first
premolar and a distal contact with the maxillary first molar. This tooth is a succedaneous tooth,
replacing the deciduous maxillary second molar. Chronologic development of the maxillary
second premolar is given in Table 3.

The average measurements of the maxillary first premolar (in mm)

Cervico-occlusal
length of crown

Length
of root

Mesiodistal
diameter of
crown

Mesiodistal
diameter of
crown at cervix

Buccolingual
diameter of
crown

Buccolingual
diameter of
crown at cervix

Curvature
of cervical
line-mesial

Curvature
of cervical
line-distal

8.5 14.0 7.0 5.0 9.0 8.0 1.0 0.0

Table 2. The average measurements of the maxillary first premolar teeth. Variations: The crown and root of this tooth
exhibit some variations (Figure 3).

Figure 3. The crown and root variations of the maxillary first premolar teeth.
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The crown is wider buccolingually than mesiodistally. In addition, the mesiobuccal and
distobuccal sides are almost equal, whereas the mesial side is shorter than the distal side, and
the mesiolingual side is shorter than the distolingual side.

The outline of the crown at the buccal surface is generally convex. The prominent buccal ridge
contributes to this convexity. However, when the buccal developmental depressions are deep,
they may create slight concavities in the outline on the mesiobuccal and distobuccal sides of
the buccal ridge.

The lingual outline is almost equally convex in semicircular arch form. Mesial and distal
margins are relatively straight, and they converge toward the lingual. If the mesial marginal
groove is prominent, a dip might be seen in the mesial outline of the crown.

2.1.5.1. Occlusal table components

The cusp ridges and marginal ridges limit the occlusal surface of the maxillary first premolar.
Two cusps (buccal and lingual) are placed at the occlusal table. The buccal cusp is generally
sharper, longer, and wider than the lingual cusp. On the buccal cusp, the buccal ridge descends
from the cusp tip cervically to the buccal surface. The mesial and distal ridges descend from
the cusp tip to their respective point angles. The buccal cusp has four inclined planes. These
planes are called as mesiobuccal inclined plane, distobuccal inclined plane, mesiolingual
inclined plane, and distolingual inclined plane. During the active occlusion, the lingual inclines
of the buccal cusps of the maxillary posterior teeth determine the path of the supporting cusps
during normal lateral and protrusive working excursions.

The lingual cusp is generally smaller than the buccal cusp. The lingual cusp tip is offset toward
the mesial. The lingual cusp ridge extends from the cusp tip lingually to the central area of the
occlusal surface. This cusp also presents four cusp ridges and four inclined planes located and
named in the same manner as those of the buccal cusp.

The crest of the distal contact area is somewhat buccal to that of the mesial contact area, and
the crest of the buccal ridge is somewhat distal to that of the lingual ridge. The crests of
curvature represent the highest points on the buccal and lingual ridges and the mesial and
distal contact areas. When two triangular ridges join, after traversing the tooth buccolingually,
they form a “transverse ridge.” The union of the two triangular ridges forms this transverse
ridge. In other words, the lingual cusp ridge of the buccal cusp and the buccal cusp ridge of the
lingual cusp form the transverse ridge of the occlusal surface.

From the occlusal aspect, close observation reveals that the mesiodistal dimension of the crown
is narrower than the buccolingual dimension. The major structures, pits, and grooves are the
primary anatomic features. The supplemental grooves are not present in most cases on the
occlusal surface of maxillary first premolar teeth. For this reason, the occlusal surface is relatively
smooth. A well-defined “central developmental groove” divides the surface buccolingually. A “mesial
marginal developmental groove” extends from the central developmental groove and crosses the
mesial marginal ridge and ends on the mesial surface of the crown.

Two developmental grooves connect to the central groove inside the mesial and distal marginal
ridges. These grooves are the “mesiobuccal developmental groove” and the “distobuccal developmental
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groove.” The connections of the grooves are located at opposite ends of the central developmental
groove, and deeply pointed. These grooves usually end in a deep depression in the occlusal
surface called the “mesial” and “distal developmental pits.”

The triangular depression that harbors themesiobuccal developmental groove is located just distal
to the mesial marginal ridge and called the “mesial triangular fossa.” Likewise, the depression in the
occlusal surface, just mesial to the distal marginal ridge, is called the “distal triangular fossa.”

2.1.6. Root

Root contour form of the maxillary first premolar from the buccal aspect still bears a close
resemblance to the maxillary canine. However, it is about 3–4 mm shorter than maxillary
canine. The maxillary first premolar tooth with two roots presents a smooth and convex
lingual root with a blunter root apex than the buccal root apex. The root trunk is flattened at
this aspect above the cervical line. The bifurcation of the roots is located near the apical third,
with no developmental groove.

The average measurements of the maxillary first premolar are shown in Table 2.

2.2. Permanent maxillary second premolars

The permanent maxillary second premolar is the fifth tooth from the midline. The maxillary
second premolars closely resemble the maxillary first premolar and supplement the latter in
function. The maxillary second premolar tooth shares a mesial contact with the maxillary first
premolar and a distal contact with the maxillary first molar. This tooth is a succedaneous tooth,
replacing the deciduous maxillary second molar. Chronologic development of the maxillary
second premolar is given in Table 3.

The average measurements of the maxillary first premolar (in mm)

Cervico-occlusal
length of crown

Length
of root

Mesiodistal
diameter of
crown

Mesiodistal
diameter of
crown at cervix

Buccolingual
diameter of
crown

Buccolingual
diameter of
crown at cervix

Curvature
of cervical
line-mesial

Curvature
of cervical
line-distal

8.5 14.0 7.0 5.0 9.0 8.0 1.0 0.0

Table 2. The average measurements of the maxillary first premolar teeth. Variations: The crown and root of this tooth
exhibit some variations (Figure 3).

Figure 3. The crown and root variations of the maxillary first premolar teeth.
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In the universal system of notation, the right permanent maxillary first premolar is shown as
“#4,” and the left one is shown as “#13.” According to the international notation, the right
permanent maxillary first premolar is shown as “15,” and the left one is shown as “25.”
Besides, in the Palmer notation, the right permanent maxillary first premolar is symbolized as
“ ,” while the left one is symbolized as “ .”

The crown of the maxillary second premolar has a less angular appearance, giving a more
rounded effect than the maxillary first premolar. In addition, the crown is usually smaller in
cervico-occlusal and mesiodistal dimensions. It has two cusps of nearly same size. The second
premolars also vary from the first premolars in that they generally have single root. Usually,
the root length of the maxillary second premolar is almost similar with that of the first
premolar. More variations are observed with second premolar teeth.

The image of maxillary second premolar from all aspects is seen in Figure 4; A. Buccal, B.
Lingual, C. Mesial, D. Distal, E. Occlusal.

2.2.1. Buccal aspect

From the buccal view, the crown of the maxillary second premolar has a trapezoidal form. The
buccal cusp of the second premolar is not as long as that of the first premolar. In addition, the
buccal cusp appears to be less pointed. The mesial outline of the crown is slightly convex from
cervix to the point where it joins the mesial slope of the buccal cusp. The distal outline is more
convex than the mesial outline. The cervical outline on buccal view is slightly convex and
curves in an apical direction. The tooth is thicker at the cervical portion than the maxillary first
premolar.

The cusp tip is offset to the mesial; hence, the mesio-occlusal slope of the buccal cusp ridge is
slightly shorter than the disto-occlusal slope. The opposite is true for the first premolar. The
buccal ridge of the crown may be less prominent than that of the first premolar.

2.2.2. Lingual aspect

The crown of the maxillary second premolar has a trapezoidal form at the lingual aspect. From
the lingual view, little variation can be seen except that the lingual cusp is almost having the
same length as the buccal cusp. In addition, the lingual cusp tip is not quite so far offset to the
mesial. The cervical outlines of the crown at this aspect present that the cervical line is less

Development stage Years

Initiation of calcification 2

Enamel completion 6–7

Eruption 10–12

Root completion 12–14

Table 3. Chronologic development of the maxillary second premolar teeth.
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curved apically than the buccal view. The occlusal outline is formed by the lingual cusp tip and
its cusp slopes.

2.2.3. Mesial aspect

The mesial aspect shows the difference in cusp length between the first and second pre-
molars. The cusps of the second premolar are shorter, with the buccal and lingual cusps
more nearly the same length. Greater distance between the cusp tips widens the occlusal
surface buccolingually.

Developmental depressions are not seen on the mesial surface of the crown as on the first
premolar. The crown surface is convex. A shallow developmental groove appears on the single
tapered root. There is no canine fossa or canine groove on this surface. The more equal size of
the cusps is also noted. Both the contact area and marginal ridge are found at a slightly more
cervical level than on the mesial of the first premolar.

2.2.4. Distal aspect

The distal view of the second premolars has the same features with the first premolars. Since
the distal contact of second premolar is with the first molar, the contact area is slightly larger in

Figure 4. Maxillary second premolar tooth from different aspects. A. Buccal, B. Lingual, C. Mesial, D. Distal, E. Occlusal.
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In the universal system of notation, the right permanent maxillary first premolar is shown as
“#4,” and the left one is shown as “#13.” According to the international notation, the right
permanent maxillary first premolar is shown as “15,” and the left one is shown as “25.”
Besides, in the Palmer notation, the right permanent maxillary first premolar is symbolized as
“ ,” while the left one is symbolized as “ .”

The crown of the maxillary second premolar has a less angular appearance, giving a more
rounded effect than the maxillary first premolar. In addition, the crown is usually smaller in
cervico-occlusal and mesiodistal dimensions. It has two cusps of nearly same size. The second
premolars also vary from the first premolars in that they generally have single root. Usually,
the root length of the maxillary second premolar is almost similar with that of the first
premolar. More variations are observed with second premolar teeth.

The image of maxillary second premolar from all aspects is seen in Figure 4; A. Buccal, B.
Lingual, C. Mesial, D. Distal, E. Occlusal.

2.2.1. Buccal aspect

From the buccal view, the crown of the maxillary second premolar has a trapezoidal form. The
buccal cusp of the second premolar is not as long as that of the first premolar. In addition, the
buccal cusp appears to be less pointed. The mesial outline of the crown is slightly convex from
cervix to the point where it joins the mesial slope of the buccal cusp. The distal outline is more
convex than the mesial outline. The cervical outline on buccal view is slightly convex and
curves in an apical direction. The tooth is thicker at the cervical portion than the maxillary first
premolar.

The cusp tip is offset to the mesial; hence, the mesio-occlusal slope of the buccal cusp ridge is
slightly shorter than the disto-occlusal slope. The opposite is true for the first premolar. The
buccal ridge of the crown may be less prominent than that of the first premolar.

2.2.2. Lingual aspect

The crown of the maxillary second premolar has a trapezoidal form at the lingual aspect. From
the lingual view, little variation can be seen except that the lingual cusp is almost having the
same length as the buccal cusp. In addition, the lingual cusp tip is not quite so far offset to the
mesial. The cervical outlines of the crown at this aspect present that the cervical line is less

Development stage Years

Initiation of calcification 2

Enamel completion 6–7

Eruption 10–12

Root completion 12–14

Table 3. Chronologic development of the maxillary second premolar teeth.
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curved apically than the buccal view. The occlusal outline is formed by the lingual cusp tip and
its cusp slopes.

2.2.3. Mesial aspect

The mesial aspect shows the difference in cusp length between the first and second pre-
molars. The cusps of the second premolar are shorter, with the buccal and lingual cusps
more nearly the same length. Greater distance between the cusp tips widens the occlusal
surface buccolingually.

Developmental depressions are not seen on the mesial surface of the crown as on the first
premolar. The crown surface is convex. A shallow developmental groove appears on the single
tapered root. There is no canine fossa or canine groove on this surface. The more equal size of
the cusps is also noted. Both the contact area and marginal ridge are found at a slightly more
cervical level than on the mesial of the first premolar.

2.2.4. Distal aspect

The distal view of the second premolars has the same features with the first premolars. Since
the distal contact of second premolar is with the first molar, the contact area is slightly larger in

Figure 4. Maxillary second premolar tooth from different aspects. A. Buccal, B. Lingual, C. Mesial, D. Distal, E. Occlusal.
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size, when compared to the first premolar. Both the distal contact area and marginal ridge are
located at a slightly more cervical level than on the distal of the first premolar. The distal root
depression is deeper than the mesial depression on the maxillary second premolar.

2.2.5. Occlusal aspect

The schematic description of occlusal table is given in Figure 5. The outline of the crown of the
second premolar is more rounded or oval rather than hexagonal shape at this aspect. However,
there may be some exceptions about this form. More distance between the cusp tips
buccolingually than on the first premolar may be noted. Hence, the lingual cusp is almost as
wide as the buccal. The grooves are shorter, shallower, and more irregular than in the first
premolar. The central developmental groove is also shorter and more irregular. This groove
has numerous supplementary grooves radiating from the central groove. This arrangement
gives the occlusal surface a more wrinkled appearance.

2.2.6. Root

The root is usually single and shows a longitudinal groove on the mesial and distal surfaces,
but may occasionally be double. The distal root depression is deeper than the mesial depres-
sion on the maxillary second premolar. Division of the root of the second premolar is rare; in
about 15%. Root length is normally as great, or slightly greater than the root structure of the
first premolar. The root is wider buccolingually than mesiodistally. It is often deflected slightly
to the distal in its apical portion.

The average measurements of the maxillary second premolar are shown in Table 4.

Figure 5. The schematic description of occlusal table of the maxillary second premolar tooth.
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3. The permanent mandibular premolars

3.1. Permanent mandibular first premolars

Chronologic development of the permanent mandibular first premolar is given in Table 5.

In the universal system of notation, the right permanent mandibular first premolar is shown as
“#28,” and the left one is shown as “#21.” According to the FDI notation, the right permanent
mandibular first premolar is shown as “44,” and the left one is shown as “34.” Additionally, in
the Palmer notation, the right permanent mandibular first premolar is symbolized as “ ,” the
left one is symbolized as “ .”

The image of mandibular first premolar from all aspects is given in Figure 7. A. Buccal, B.
Lingual, C. Mesial, D. Distal, E. Occlusal.

The average measurements of the maxillary second premolar (in mm)

Cervico-occlusal
length of crown

Length
of root

Mesiodistal
diameter of
crown

Mesiodistal
diameter of
crown at cervix

Buccolingual
diameter of
crown

Buccolingual
diameter of
crown at cervix

Curvature
of cervical
line-mesial

Curvature
of cervical
line-distal

8.5 14.0 7.0 5.0 9.0 8.0 1.0 0.0

Table 4. The average measurements of the maxillary second premolar teeth. Variations: The crown and root of this tooth
also exhibit variations and anomalies (Figure 6).

Development stage Years

Initiation of calcification 1 ¾–2 years

Enamel completion 5–6 years

Eruption 5–6 years

Root completion 10–13 years

Table 5. Chronologic development of the mandibular first premolar teeth.

Figure 6. The crown and root variations of the maxillary second premolar teeth.
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size, when compared to the first premolar. Both the distal contact area and marginal ridge are
located at a slightly more cervical level than on the distal of the first premolar. The distal root
depression is deeper than the mesial depression on the maxillary second premolar.

2.2.5. Occlusal aspect

The schematic description of occlusal table is given in Figure 5. The outline of the crown of the
second premolar is more rounded or oval rather than hexagonal shape at this aspect. However,
there may be some exceptions about this form. More distance between the cusp tips
buccolingually than on the first premolar may be noted. Hence, the lingual cusp is almost as
wide as the buccal. The grooves are shorter, shallower, and more irregular than in the first
premolar. The central developmental groove is also shorter and more irregular. This groove
has numerous supplementary grooves radiating from the central groove. This arrangement
gives the occlusal surface a more wrinkled appearance.

2.2.6. Root

The root is usually single and shows a longitudinal groove on the mesial and distal surfaces,
but may occasionally be double. The distal root depression is deeper than the mesial depres-
sion on the maxillary second premolar. Division of the root of the second premolar is rare; in
about 15%. Root length is normally as great, or slightly greater than the root structure of the
first premolar. The root is wider buccolingually than mesiodistally. It is often deflected slightly
to the distal in its apical portion.

The average measurements of the maxillary second premolar are shown in Table 4.

Figure 5. The schematic description of occlusal table of the maxillary second premolar tooth.
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3. The permanent mandibular premolars

3.1. Permanent mandibular first premolars

Chronologic development of the permanent mandibular first premolar is given in Table 5.

In the universal system of notation, the right permanent mandibular first premolar is shown as
“#28,” and the left one is shown as “#21.” According to the FDI notation, the right permanent
mandibular first premolar is shown as “44,” and the left one is shown as “34.” Additionally, in
the Palmer notation, the right permanent mandibular first premolar is symbolized as “ ,” the
left one is symbolized as “ .”

The image of mandibular first premolar from all aspects is given in Figure 7. A. Buccal, B.
Lingual, C. Mesial, D. Distal, E. Occlusal.

The average measurements of the maxillary second premolar (in mm)

Cervico-occlusal
length of crown

Length
of root

Mesiodistal
diameter of
crown

Mesiodistal
diameter of
crown at cervix

Buccolingual
diameter of
crown

Buccolingual
diameter of
crown at cervix

Curvature
of cervical
line-mesial

Curvature
of cervical
line-distal

8.5 14.0 7.0 5.0 9.0 8.0 1.0 0.0

Table 4. The average measurements of the maxillary second premolar teeth. Variations: The crown and root of this tooth
also exhibit variations and anomalies (Figure 6).

Development stage Years

Initiation of calcification 1 ¾–2 years

Enamel completion 5–6 years

Eruption 5–6 years

Root completion 10–13 years

Table 5. Chronologic development of the mandibular first premolar teeth.

Figure 6. The crown and root variations of the maxillary second premolar teeth.
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3.1.1. Buccal aspect

The mandibular first premolar is similar to a mandibular canine and second premolar from
buccal aspect. It has nearly same buccolingual measurement as a canine and has a sharp buccal
cusp. The occlusocervical dimension of this tooth is less than all anterior teeth. However, this
dimension is greater than that of the second premolar or any molar.

The buccal surface of mandibular first premolar is convex both occlusogingivally and
mesiodistally. The crown is inclined lingually, and therefore, the tip of the buccal cusp is
situated on the vertical axis of the root. The buccal height of contour is in the cervical third
level of the surface. There is well-developed middle buccal lobe (buccal ridge) between the
developmental depressions in mesiobuccal and distobuccal sides. The mesial cusp ridge is
shorter than the distal cusp ridge.

The contour of the mesial margin is concave from the contact area to the cervical line joining
the mesio-occlusal slope to create the mesio-occlusal angle. The outline continuing from the
contact area to the cusp is convex. The height of contour (mesial contact area) is in the middle
third at the center of the crown cervico-occlusally.

The distal margin is slightly shorter than mesial margin. In addition, the outline is concave
from the contact area to the cervical line and the contact area is broader than the mesial contact

Figure 7. Mandibular first premolar tooth from different aspects. A. Buccal, B. Lingual, C. Mesial, D. Distal, E. Occlusal.

Dental Anatomy48

area. The height of contour (distal contact area) is approximately at the same level with the
mesial contact area.

The buccal cervical line is slightly curved toward the apex and in comparison with the anterior
teeth; the depth of curvature is less than that of the anterior teeth.

The buccal cusp tip divides the occlusal outline into two portions, the mesio-occlusal and
disto-occlusal slopes, or mesial and distal cusp ridges. The disto-occlusal cusp ridge is longer
than mesio-occlusal, moving the sharp cusp tip toward the mesial. Besides, both of the ridges
are slightly concave.

3.1.2. Lingual aspect

Since the lingual cusp is smaller and shorter than buccal cusp, the buccal section of the occlusal
surface could be seen from the lingual aspect. In addition, the crown is narrower mesiodistally
on the lingual surface than on the buccal surface. Therefore, most of the mesial and distal parts
could be seen from this aspect. This surface is convex in all directions and no ridge is present as
seen on the buccal aspect. The lingual height of contour is in the middle third level of the
surface.

The most characteristic feature of this tooth is the mesiolingual developmental groove between
mesial marginal ridge and lingual cusp.

Since the lingual surface is shorter than buccal surface, both margins are shorter in lingual
surface than buccal surface. Different from other teeth, mesial marginal ridge of mandibular
first premolar teeth is shorter than distal marginal ridge. Additionally, mesial contact area is
more cervically located than distal contact area.

The lingual cervical line is slightly curved toward the apex and narrower than buccal cervical line.

The lingual cusp tip and ridges are approximately at same level with the occlusal surface. Both
of cusp tips are mesially offset, and the lingual cusp tip is in alignment with the buccal
triangular ridge. There are mesial and distal occlusal fossae on each sides of occlusal surface.

3.1.3. Mesial aspect

Similarly with all the mandibular posterior teeth, the crown is in rhomboidal shape from the
mesial aspect. While the buccal cusp is centered over the root, the lingual cusp tip is aligned
with the lingual border of the root.

The buccal outline is convex starting from the cervical line to the buccal cusp tip. In addition,
the height of contour is in the cervical third of the crown.

When compared with the buccal outline, this outline has more convexity. This margin is
shorter than buccal margin. The lingual height of contour is at the middle third of crown. The
“mesiolingual developmental groove (mesial marginal groove)” is visible frommesial aspect near the
lingual margin.
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3.1.1. Buccal aspect

The mandibular first premolar is similar to a mandibular canine and second premolar from
buccal aspect. It has nearly same buccolingual measurement as a canine and has a sharp buccal
cusp. The occlusocervical dimension of this tooth is less than all anterior teeth. However, this
dimension is greater than that of the second premolar or any molar.

The buccal surface of mandibular first premolar is convex both occlusogingivally and
mesiodistally. The crown is inclined lingually, and therefore, the tip of the buccal cusp is
situated on the vertical axis of the root. The buccal height of contour is in the cervical third
level of the surface. There is well-developed middle buccal lobe (buccal ridge) between the
developmental depressions in mesiobuccal and distobuccal sides. The mesial cusp ridge is
shorter than the distal cusp ridge.

The contour of the mesial margin is concave from the contact area to the cervical line joining
the mesio-occlusal slope to create the mesio-occlusal angle. The outline continuing from the
contact area to the cusp is convex. The height of contour (mesial contact area) is in the middle
third at the center of the crown cervico-occlusally.

The distal margin is slightly shorter than mesial margin. In addition, the outline is concave
from the contact area to the cervical line and the contact area is broader than the mesial contact

Figure 7. Mandibular first premolar tooth from different aspects. A. Buccal, B. Lingual, C. Mesial, D. Distal, E. Occlusal.
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area. The height of contour (distal contact area) is approximately at the same level with the
mesial contact area.

The buccal cervical line is slightly curved toward the apex and in comparison with the anterior
teeth; the depth of curvature is less than that of the anterior teeth.

The buccal cusp tip divides the occlusal outline into two portions, the mesio-occlusal and
disto-occlusal slopes, or mesial and distal cusp ridges. The disto-occlusal cusp ridge is longer
than mesio-occlusal, moving the sharp cusp tip toward the mesial. Besides, both of the ridges
are slightly concave.

3.1.2. Lingual aspect

Since the lingual cusp is smaller and shorter than buccal cusp, the buccal section of the occlusal
surface could be seen from the lingual aspect. In addition, the crown is narrower mesiodistally
on the lingual surface than on the buccal surface. Therefore, most of the mesial and distal parts
could be seen from this aspect. This surface is convex in all directions and no ridge is present as
seen on the buccal aspect. The lingual height of contour is in the middle third level of the
surface.

The most characteristic feature of this tooth is the mesiolingual developmental groove between
mesial marginal ridge and lingual cusp.

Since the lingual surface is shorter than buccal surface, both margins are shorter in lingual
surface than buccal surface. Different from other teeth, mesial marginal ridge of mandibular
first premolar teeth is shorter than distal marginal ridge. Additionally, mesial contact area is
more cervically located than distal contact area.

The lingual cervical line is slightly curved toward the apex and narrower than buccal cervical line.

The lingual cusp tip and ridges are approximately at same level with the occlusal surface. Both
of cusp tips are mesially offset, and the lingual cusp tip is in alignment with the buccal
triangular ridge. There are mesial and distal occlusal fossae on each sides of occlusal surface.

3.1.3. Mesial aspect

Similarly with all the mandibular posterior teeth, the crown is in rhomboidal shape from the
mesial aspect. While the buccal cusp is centered over the root, the lingual cusp tip is aligned
with the lingual border of the root.

The buccal outline is convex starting from the cervical line to the buccal cusp tip. In addition,
the height of contour is in the cervical third of the crown.

When compared with the buccal outline, this outline has more convexity. This margin is
shorter than buccal margin. The lingual height of contour is at the middle third of crown. The
“mesiolingual developmental groove (mesial marginal groove)” is visible frommesial aspect near the
lingual margin.
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The cervical line is slightly curved about 1 mm toward the occlusal surface. The occlusal
outline is a concave arc inclining lingually. In addition, the buccal section of the transverse
ridge is sloping to the lingual direction at an approximately 45

�
angle.

3.1.4. Distal aspect

Similarly with the mesial aspect, the crown is in rhomboid shape. Additionally, buccal/lingual
margins are similar. While there is no distolingual developmental groove, there is a distal
marginal groove in this aspect of mandibular first premolar.

The cervical line on the distal surface has less curvature than mesial cervical curvature (less
than 1 mm). The distal contact area is wider than the mesial contact area, since the contact
tooth is second premolar.

The distal marginal ridge is not sloping lingually as the mesial. It is in a horizontal position,
making the ridge perpendicular to the long axis of the tooth. It is located more occlusally than
mesial marginal ridge.

3.1.5. Occlusal aspect

The schematic description of the occlusal table is given in Figure 8. The shape of the crown is
rhomboid or like a diamond. Since the crown is lingually inclined, from this aspect, most of the
buccal surface could be seen. The difference between buccolingual and mesiodistal dimension
is approximately 0.5 mm. The cusp tip is in the mesial half, and therefore, the distal half is a
little bit larger than the mesial half.

The buccal margin has a pronounced convexity. This outline is also convex. However, it is
shorter than the buccal outline. It continues up to the mesiolingual developmental groove.

Figure 8. The schematic description of the occlusal table of the mandibular first premolar tooth.
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The mesial marginal ridge has an angle less than 90� at the point that it connects with the
mesiobuccal cusp ridge.

The convexity of the distal outline is more apparent than the mesial outline. It forms a right
angle where it meets with the distobuccal cusp ridge.

3.1.5.1. Occlusal table components

Mandibular first premolar has two cusps, a buccal and a lingual. The buccal cusp is the
functional cusp, and it is larger than the lingual cusp. Additionally, the buccal cusp tip is
slightly mesial to the center and located at the buccal half of the occlusal surface. The lingual
cusp is very small and is like a tubercle. It is the nonfunctional cusp as it is a mandibular tooth.
The crown converges lingually. The cusp has four cusp ridges as follows: “mesiobuccal,
distobuccal, mesiolingual and distolingual.”

The “buccal and lingual triangular ridges” form the “transverse ridge” in the central groove area.

“Mesial and distal marginal ridges” are well-developed marginal ridges. Mesial marginal ridge is
shorter and is interrupted by mesiolingual developmental groove. The distal marginal ridge is
more prominent and joins with the distolingual cusp ridge.

“Mesial and distal fossae” are present on the occlusal surface. They are boarded by the transverse
ridge, the marginal ridges, and the mesial and distal cusp ridges of the two cusps. While the
mesial fossa is linear in shape with the mesial developmental groove, the distal fossa is more
circular.

The “central developmental groove” connects the “mesial pit” to the “distal pit.” “Mesiobuccal
triangular groove” extends from mesial pit in a mesiobuccal direction. Similarly, “mesiolingual
triangular groove” extends from the mesial pit in a mesiolingual direction. “Mesiolingual devel-
opmental groove” is between mesial marginal ridge and mesiolingual cusp ridge. Similarly, with
the mesial grooves, “distobuccal triangular developmental groove” extends from distal pit in a
distobuccal direction, and “distolingual triangular developmental groove” has a distolingual direc-
tion starting from distal pit.

3.1.6. Root

In general, a mandibular first premolar has a single and straight root with a sharp apex. The
root tapers from cervical to the apical region and is often curved distally. Rarely, a buccal and a
lingual root or two buccal and one lingual root are present. The buccolingual section is wider
than mesiodistal section. The height of contour of buccal surface is in the center of the root. The
root is approximately 3 or 4 mm shorter than that of the mandibular canine. From the mesial
aspect, the root is in a tapered form from the cervical line to the apical region. Despite the
convexity in mesial and distal surfaces, longitudinal grooves are present in these surfaces,
mostly deepest one in the mesial surface. The lingual surface is much narrower than buccal
surface allowing most of the mesial and distal surfaces of the root to be seen. The convexity of
distal surface is more prominent than mesial surface.

The average measurements of the mandibular first premolar are shown in Table 6.
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The cervical line is slightly curved about 1 mm toward the occlusal surface. The occlusal
outline is a concave arc inclining lingually. In addition, the buccal section of the transverse
ridge is sloping to the lingual direction at an approximately 45

�
angle.

3.1.4. Distal aspect

Similarly with the mesial aspect, the crown is in rhomboid shape. Additionally, buccal/lingual
margins are similar. While there is no distolingual developmental groove, there is a distal
marginal groove in this aspect of mandibular first premolar.

The cervical line on the distal surface has less curvature than mesial cervical curvature (less
than 1 mm). The distal contact area is wider than the mesial contact area, since the contact
tooth is second premolar.

The distal marginal ridge is not sloping lingually as the mesial. It is in a horizontal position,
making the ridge perpendicular to the long axis of the tooth. It is located more occlusally than
mesial marginal ridge.

3.1.5. Occlusal aspect

The schematic description of the occlusal table is given in Figure 8. The shape of the crown is
rhomboid or like a diamond. Since the crown is lingually inclined, from this aspect, most of the
buccal surface could be seen. The difference between buccolingual and mesiodistal dimension
is approximately 0.5 mm. The cusp tip is in the mesial half, and therefore, the distal half is a
little bit larger than the mesial half.

The buccal margin has a pronounced convexity. This outline is also convex. However, it is
shorter than the buccal outline. It continues up to the mesiolingual developmental groove.

Figure 8. The schematic description of the occlusal table of the mandibular first premolar tooth.
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The mesial marginal ridge has an angle less than 90� at the point that it connects with the
mesiobuccal cusp ridge.

The convexity of the distal outline is more apparent than the mesial outline. It forms a right
angle where it meets with the distobuccal cusp ridge.

3.1.5.1. Occlusal table components

Mandibular first premolar has two cusps, a buccal and a lingual. The buccal cusp is the
functional cusp, and it is larger than the lingual cusp. Additionally, the buccal cusp tip is
slightly mesial to the center and located at the buccal half of the occlusal surface. The lingual
cusp is very small and is like a tubercle. It is the nonfunctional cusp as it is a mandibular tooth.
The crown converges lingually. The cusp has four cusp ridges as follows: “mesiobuccal,
distobuccal, mesiolingual and distolingual.”

The “buccal and lingual triangular ridges” form the “transverse ridge” in the central groove area.

“Mesial and distal marginal ridges” are well-developed marginal ridges. Mesial marginal ridge is
shorter and is interrupted by mesiolingual developmental groove. The distal marginal ridge is
more prominent and joins with the distolingual cusp ridge.

“Mesial and distal fossae” are present on the occlusal surface. They are boarded by the transverse
ridge, the marginal ridges, and the mesial and distal cusp ridges of the two cusps. While the
mesial fossa is linear in shape with the mesial developmental groove, the distal fossa is more
circular.

The “central developmental groove” connects the “mesial pit” to the “distal pit.” “Mesiobuccal
triangular groove” extends from mesial pit in a mesiobuccal direction. Similarly, “mesiolingual
triangular groove” extends from the mesial pit in a mesiolingual direction. “Mesiolingual devel-
opmental groove” is between mesial marginal ridge and mesiolingual cusp ridge. Similarly, with
the mesial grooves, “distobuccal triangular developmental groove” extends from distal pit in a
distobuccal direction, and “distolingual triangular developmental groove” has a distolingual direc-
tion starting from distal pit.

3.1.6. Root

In general, a mandibular first premolar has a single and straight root with a sharp apex. The
root tapers from cervical to the apical region and is often curved distally. Rarely, a buccal and a
lingual root or two buccal and one lingual root are present. The buccolingual section is wider
than mesiodistal section. The height of contour of buccal surface is in the center of the root. The
root is approximately 3 or 4 mm shorter than that of the mandibular canine. From the mesial
aspect, the root is in a tapered form from the cervical line to the apical region. Despite the
convexity in mesial and distal surfaces, longitudinal grooves are present in these surfaces,
mostly deepest one in the mesial surface. The lingual surface is much narrower than buccal
surface allowing most of the mesial and distal surfaces of the root to be seen. The convexity of
distal surface is more prominent than mesial surface.

The average measurements of the mandibular first premolar are shown in Table 6.
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3.2. Permanent mandibular second premolar

Chronologic development of the mandibular second premolar is given in Table 7.

In the universal system of notation, the right permanent mandibular second premolar is
shown as “#29,” and the left one is shown as “#20.” According to the FDI notation, the right
permanent mandibular second premolar is shown as “45,” and the left one is shown as “35.”
Furthermore, in the Palmer notation, the right permanent mandibular second premolar is
symbolized as “ ,” while the left one is symbolized as “ .”

The image of mandibular second premolar from all aspects is seen in Figure 10. A. Buccal, B.
Lingual, C. Mesial, D. Distal, E. Occlusal.

Themandibular second premolar is the fifth permanent tooth from themedian line in themandib-
ular arch, located between themandibular first premolars and first molars. Since the occlusal table
is broader and similar to that of posterior teeth, this tooth has a functionmore like amolar.

The average measurements of the mandibular first premolar (in mm)

Cervico-occlusal
length of crown

Length
of root

Mesiodistal
diameter of
crown

Mesiodistal
diameter of
crown at cervix

Buccolingual
diameter of
crown

Buccolingual
diameter of
crown at cervix

Curvature
of cervical
line-mesial

Curvature
of cervical
line-distal

8.5 14.0 7 5 7.5 6.5 1 0

Table 6. The average measurements of the mandibular first premolar teeth. Variations: The crown and root of this tooth
exhibit some variations (Figure 9).

Development stage Years

Initiation of calcification 2.25–2.5 years

Enamel completion 6–7 years

Eruption 11–12 years

Root completion 13–14 years

Table 7. Chronologic development of the mandibular second premolar teeth.

Figure 9. The crown and root variations of the mandibular first premolar teeth.
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Despite the similarities in general form of the second premolar with the first premolar, there
are differences between them except buccal surface. There are two common forms: three-cusp
type (“Y” groove pattern) exhibiting two lingual cusps and two-cusp type (“U” and “H”
groove pattern).

3.2.1. Buccal aspect

Considering the buccal aspect, a mandibular second premolar has a larger crown and longer
root than first premolar. The buccal cusp is not so long and not as sharp as first premolar. The
cusp tip is approximately at the center of the tooth in mesiodistal direction, therefore the
distobuccal and mesiobuccal slopes are equal in dimension.

The buccal surface is convex. Furthermore, mesial and distal outlines are convex except near
the cervical region. The mesiobuccal and distobuccal cusp ridges are not angulated too much.

The contact areas in mesial and distal regions are situated at the middle third. Since the distal
contact is a molar tooth, the distal contact area is broader than mesial contact. Additionally, the
height of contour is similar to that of first premolar.

3.2.2. Lingual aspect

Since there are two different forms of mandibular second premolar, the lingual aspect of a
second premolar has some variations. The lingual surface is convex and smooth. In addition, it

Figure 10. Mandibular second premolar tooth from different aspects. A. Buccal, B. Lingual, C. Mesial, D. Distal, E.
Occlusal.
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3.2. Permanent mandibular second premolar

Chronologic development of the mandibular second premolar is given in Table 7.
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permanent mandibular second premolar is shown as “45,” and the left one is shown as “35.”
Furthermore, in the Palmer notation, the right permanent mandibular second premolar is
symbolized as “ ,” while the left one is symbolized as “ .”

The image of mandibular second premolar from all aspects is seen in Figure 10. A. Buccal, B.
Lingual, C. Mesial, D. Distal, E. Occlusal.

Themandibular second premolar is the fifth permanent tooth from themedian line in themandib-
ular arch, located between themandibular first premolars and first molars. Since the occlusal table
is broader and similar to that of posterior teeth, this tooth has a functionmore like amolar.
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Table 6. The average measurements of the mandibular first premolar teeth. Variations: The crown and root of this tooth
exhibit some variations (Figure 9).

Development stage Years

Initiation of calcification 2.25–2.5 years

Enamel completion 6–7 years

Eruption 11–12 years

Root completion 13–14 years

Table 7. Chronologic development of the mandibular second premolar teeth.

Figure 9. The crown and root variations of the mandibular first premolar teeth.
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Despite the similarities in general form of the second premolar with the first premolar, there
are differences between them except buccal surface. There are two common forms: three-cusp
type (“Y” groove pattern) exhibiting two lingual cusps and two-cusp type (“U” and “H”
groove pattern).

3.2.1. Buccal aspect

Considering the buccal aspect, a mandibular second premolar has a larger crown and longer
root than first premolar. The buccal cusp is not so long and not as sharp as first premolar. The
cusp tip is approximately at the center of the tooth in mesiodistal direction, therefore the
distobuccal and mesiobuccal slopes are equal in dimension.

The buccal surface is convex. Furthermore, mesial and distal outlines are convex except near
the cervical region. The mesiobuccal and distobuccal cusp ridges are not angulated too much.

The contact areas in mesial and distal regions are situated at the middle third. Since the distal
contact is a molar tooth, the distal contact area is broader than mesial contact. Additionally, the
height of contour is similar to that of first premolar.

3.2.2. Lingual aspect

Since there are two different forms of mandibular second premolar, the lingual aspect of a
second premolar has some variations. The lingual surface is convex and smooth. In addition, it

Figure 10. Mandibular second premolar tooth from different aspects. A. Buccal, B. Lingual, C. Mesial, D. Distal, E.
Occlusal.
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is slightly narrower and shorter than the buccal surface. However, this surface is wider and
longer than that of first premolar. The mesial, distal, and cervical outlines are similar to first
premolar. The lingual cusps are as high as buccal cusp; therefore, small part or none of the
occlusal surface could be seen. The height of contour of the lingual surface is found approxi-
mately at the occlusal third of the crown.

3.2.2.1. Two-cusp type

Two cusps—a buccal and a lingual—are present in this form. While no lingual groove exists in
the lingual surface, a lingual depression could be found in the distal portion.

3.2.2.2. Three-cusp type

In this type, there are mesiolingual and distolingual cusps, where the first one is the wider and
the longer one. Distolingual cusp is often sharper than mesiolingual cusp. There is a “lingual
groove” between the lingual cusps extending to the lingual surface.

3.2.3. Mesial aspect

From the mesial aspect, the shape is rhomboidal like the proximal aspect of all mandibular
posterior teeth. Besides, mesial surface is convex except the concavity situated near the gingi-
val region.

This tooth is not inclined lingually as much as the first premolar. Therefore, the tip of the
buccal is not centered over the root, usually located at the junction of the buccal and middle
thirds. Besides, the lingual cusp is in alignment with the lingual surface of the root.

The buccal surface is more curved than lingual surface. The buccal height of contour is found
slightly occlusal of the cervical line, and lingual height of contour is approximately at the
occlusal third.

The mesial marginal ridge lies horizontally and is perpendicular to the long axis of the tooth.
Additionally, it is located more occlusally than distal marginal ridge. Therefore, limited part of
the occlusal surface is visible. There is no mesiolingual developmental groove.

The cervical line has a slight occlusal curvature.

In two-cusp type, while no lingual groove exists in the lingual surface, a lingual depression
could be found in the distal portion. In three-cusp type, only the mesiolingual cusp could be
seen from this aspect.

3.2.4. Distal aspect

In three-cusp type, both of the mesiolingual and distolingual cusps are visible from this aspect.
The distal surface is also convex and similar to the mesial surface except some differences:

• The distal marginal ridge is more concave and cervically located than mesial marginal
ridge. Therefore, this surface is shorter than mesial occlusocervically. The occlusal surface
could be seen from this aspect to a certain extent.
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• The distal contact area is located similarly with the mesial contact. Since the distal contact
is with the first molar, it is wider buccolingually than mesial contact area.

3.2.5. Occlusal aspect

The schematic description of the occlusal table is given in Figure 11. There are two common
forms for the occlusal morphology of the mandibular second premolar. In both types of second
premolars, there is “central groove” extending between mesial pit and distal pit.

3.2.5.1. Three-cusp type

Three-cusp type is the more common and square-shaped one. It has a “Y” groove pattern
(Figure 12A). The variation of groove patterns is presented in Figure 12. A. “H” groove
pattern, B. “U” groove pattern, C. “Y” groove pattern.

Figure 11. The schematic description of the occlusal table of the mandibular second premolar tooth.

Figure 12. The variations of groove patterns of the mandibular second premolar tooth. A. “H” groove pattern, B. “U”
groove pattern, C. “Y” groove pattern.
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is slightly narrower and shorter than the buccal surface. However, this surface is wider and
longer than that of first premolar. The mesial, distal, and cervical outlines are similar to first
premolar. The lingual cusps are as high as buccal cusp; therefore, small part or none of the
occlusal surface could be seen. The height of contour of the lingual surface is found approxi-
mately at the occlusal third of the crown.

3.2.2.1. Two-cusp type

Two cusps—a buccal and a lingual—are present in this form. While no lingual groove exists in
the lingual surface, a lingual depression could be found in the distal portion.

3.2.2.2. Three-cusp type

In this type, there are mesiolingual and distolingual cusps, where the first one is the wider and
the longer one. Distolingual cusp is often sharper than mesiolingual cusp. There is a “lingual
groove” between the lingual cusps extending to the lingual surface.

3.2.3. Mesial aspect

From the mesial aspect, the shape is rhomboidal like the proximal aspect of all mandibular
posterior teeth. Besides, mesial surface is convex except the concavity situated near the gingi-
val region.

This tooth is not inclined lingually as much as the first premolar. Therefore, the tip of the
buccal is not centered over the root, usually located at the junction of the buccal and middle
thirds. Besides, the lingual cusp is in alignment with the lingual surface of the root.

The buccal surface is more curved than lingual surface. The buccal height of contour is found
slightly occlusal of the cervical line, and lingual height of contour is approximately at the
occlusal third.

The mesial marginal ridge lies horizontally and is perpendicular to the long axis of the tooth.
Additionally, it is located more occlusally than distal marginal ridge. Therefore, limited part of
the occlusal surface is visible. There is no mesiolingual developmental groove.

The cervical line has a slight occlusal curvature.

In two-cusp type, while no lingual groove exists in the lingual surface, a lingual depression
could be found in the distal portion. In three-cusp type, only the mesiolingual cusp could be
seen from this aspect.

3.2.4. Distal aspect

In three-cusp type, both of the mesiolingual and distolingual cusps are visible from this aspect.
The distal surface is also convex and similar to the mesial surface except some differences:

• The distal marginal ridge is more concave and cervically located than mesial marginal
ridge. Therefore, this surface is shorter than mesial occlusocervically. The occlusal surface
could be seen from this aspect to a certain extent.
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• The distal contact area is located similarly with the mesial contact. Since the distal contact
is with the first molar, it is wider buccolingually than mesial contact area.

3.2.5. Occlusal aspect

The schematic description of the occlusal table is given in Figure 11. There are two common
forms for the occlusal morphology of the mandibular second premolar. In both types of second
premolars, there is “central groove” extending between mesial pit and distal pit.

3.2.5.1. Three-cusp type

Three-cusp type is the more common and square-shaped one. It has a “Y” groove pattern
(Figure 12A). The variation of groove patterns is presented in Figure 12. A. “H” groove
pattern, B. “U” groove pattern, C. “Y” groove pattern.

Figure 11. The schematic description of the occlusal table of the mandibular second premolar tooth.

Figure 12. The variations of groove patterns of the mandibular second premolar tooth. A. “H” groove pattern, B. “U”
groove pattern, C. “Y” groove pattern.
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This type of mandibular second premolar has three cusps in the following order from largest to
smallest: the buccal cusp, the mesiolingual cusp, and the distolingual cusp.

In both of the arches at the occlusal aspect, the tooth becomes narrower toward the lingual half
and the distal half. However, three-cusp second premolars are an exception that the crown is
wider in the lingual and distal half than the buccal and mesial half.

In three-cusp type, “mesiolingual triangular groove, mesiobuccal triangular groove, mesial marginal
groove, distolingual triangular groove, distobuccal triangular groove and distal marginal groove” exist.
Each of the cusps has “mesial and distal cusp ridges” and “a triangular ridge” connecting the cusp
tip with the center of the occlusal surface. There are “mesial and distal triangular fossae.” Mesial
triangular fossa originates from “mesial pit.” Distal triangular fossa originates from “distal pit.”
The “central pit” is in the center of the occlusal surface in the three-cusp type.

There are three deep developmental grooves (mesial developmental groove, distal develop-
mental groove, and lingual developmental groove) connecting at the central pit. “Mesial devel-
opmental groove” extends from the central pit to the mesial triangular fossa. “Distal
developmental groove” runs from the central pit to the distal triangular fossa. “Lingual develop-
mental groove” is lying between two lingual cusps.

3.2.5.2. Two-cusp type

Two-cusp type is more rounded and has a “U” or “H” groove pattern (Figure 12B and C). The
buccal cusp is larger than lingual cusp. No central pit and lingual developmental groove exists.
The buccal and lingual cusp triangular ridges connect and create a “transverse ridge.”

3.2.6. Root

A mandibular second premolar has a single and tapered root having a curvature to the distal
side. When compared with first premolar, the root is wider and longer than that of first
premolar. The apex is inclined to distal side. Buccal surface is convex. There are longitudinal
grooves on the proximal sides. In distal aspect, the longitudinal grooves are in the middle
third. However, longitudinal depression is rarely seen on the mesial surface. The lingual
surface is slightly convex and narrower than buccal surface. Some part of the mesial and distal
sides of this tooth might be seen from this aspect.

The average measurements of the mandibular second premolar are shown in Table 8.

The average measurements of the mandibular second premolar (in mm)

Cervico-occlusal
length of crown

Length
of root

Mesiodistal
diameter of
crown

Mesiodistal
diameter of
crown at cervix

Buccolingual
diameter of
crown

Buccolingual
diameter of
crown at cervix

Curvature
of cervical
line-mesial

Curvature
of cervical
line-distal

8 14.5 7 5 8 7 1 0

Table 8. The average measurements of the mandibular second premolar teeth. Variations: The crown and root of this
tooth also exhibit some variations (Figure 13).
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4. The differences between maxillary and mandibular premolars

There are several general characteristics, which aid in differentiating the maxillary premolars
from other posterior teeth and mandibular premolars. The maxillary first and second pre-
molars appear more alike than mandibular premolars. However, maxillary first premolar
crowns are generally larger than the second premolars. In addition, in the mandible, the first
premolar is considerably smaller than those. From mesial and distal aspects, mandibular
premolar crowns appear to be tilted lingually relative to their roots, whereas maxillary premo-
lar crowns are aligned more directly. Maxillary premolars possess two cusps of nearly equal
size. The mandibular premolars may have more than two cusps, and the lingual cusps are
normally less prominent than the facial cusps. The buccal cusp is longer than the lingual cusp/
cusps in all premolar teeth. This difference is the most prominent for mandibular first pre-
molars and the least prominent for maxillary second premolars. The maxillary first premolar
frequently has two root branches, whereas the other premolars have one root.
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This type of mandibular second premolar has three cusps in the following order from largest to
smallest: the buccal cusp, the mesiolingual cusp, and the distolingual cusp.

In both of the arches at the occlusal aspect, the tooth becomes narrower toward the lingual half
and the distal half. However, three-cusp second premolars are an exception that the crown is
wider in the lingual and distal half than the buccal and mesial half.

In three-cusp type, “mesiolingual triangular groove, mesiobuccal triangular groove, mesial marginal
groove, distolingual triangular groove, distobuccal triangular groove and distal marginal groove” exist.
Each of the cusps has “mesial and distal cusp ridges” and “a triangular ridge” connecting the cusp
tip with the center of the occlusal surface. There are “mesial and distal triangular fossae.” Mesial
triangular fossa originates from “mesial pit.” Distal triangular fossa originates from “distal pit.”
The “central pit” is in the center of the occlusal surface in the three-cusp type.

There are three deep developmental grooves (mesial developmental groove, distal develop-
mental groove, and lingual developmental groove) connecting at the central pit. “Mesial devel-
opmental groove” extends from the central pit to the mesial triangular fossa. “Distal
developmental groove” runs from the central pit to the distal triangular fossa. “Lingual develop-
mental groove” is lying between two lingual cusps.

3.2.5.2. Two-cusp type

Two-cusp type is more rounded and has a “U” or “H” groove pattern (Figure 12B and C). The
buccal cusp is larger than lingual cusp. No central pit and lingual developmental groove exists.
The buccal and lingual cusp triangular ridges connect and create a “transverse ridge.”

3.2.6. Root

A mandibular second premolar has a single and tapered root having a curvature to the distal
side. When compared with first premolar, the root is wider and longer than that of first
premolar. The apex is inclined to distal side. Buccal surface is convex. There are longitudinal
grooves on the proximal sides. In distal aspect, the longitudinal grooves are in the middle
third. However, longitudinal depression is rarely seen on the mesial surface. The lingual
surface is slightly convex and narrower than buccal surface. Some part of the mesial and distal
sides of this tooth might be seen from this aspect.

The average measurements of the mandibular second premolar are shown in Table 8.

The average measurements of the mandibular second premolar (in mm)

Cervico-occlusal
length of crown

Length
of root

Mesiodistal
diameter of
crown

Mesiodistal
diameter of
crown at cervix

Buccolingual
diameter of
crown

Buccolingual
diameter of
crown at cervix

Curvature
of cervical
line-mesial

Curvature
of cervical
line-distal

8 14.5 7 5 8 7 1 0

Table 8. The average measurements of the mandibular second premolar teeth. Variations: The crown and root of this
tooth also exhibit some variations (Figure 13).
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4. The differences between maxillary and mandibular premolars

There are several general characteristics, which aid in differentiating the maxillary premolars
from other posterior teeth and mandibular premolars. The maxillary first and second pre-
molars appear more alike than mandibular premolars. However, maxillary first premolar
crowns are generally larger than the second premolars. In addition, in the mandible, the first
premolar is considerably smaller than those. From mesial and distal aspects, mandibular
premolar crowns appear to be tilted lingually relative to their roots, whereas maxillary premo-
lar crowns are aligned more directly. Maxillary premolars possess two cusps of nearly equal
size. The mandibular premolars may have more than two cusps, and the lingual cusps are
normally less prominent than the facial cusps. The buccal cusp is longer than the lingual cusp/
cusps in all premolar teeth. This difference is the most prominent for mandibular first pre-
molars and the least prominent for maxillary second premolars. The maxillary first premolar
frequently has two root branches, whereas the other premolars have one root.
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Bacterial biofilm on the tooth is frequently a high risk caries environment. Understanding 
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1. Introduction

Dental caries affects a significant number of populations throughout the world as a multifac-
tor disease that is by and large regarded as the most common chronic disease worldwide 
[1]. It is estimated that 90% of dental problems are due to caries. However, the prevalence of 
dental caries is variable and may be linked to cultural aspects, education level, income, and 
dietary habits.

The disease known as dental caries is generally defined as a “localized destruction of sus-
ceptible dental hard tissues by acidic by-products from bacterial fermentation of dietary car-
bohydrates” [1]. In this definition, two important etiological factors are presented: dietary 
carbohydrates and bacterial fermentation both need clarification concerning their modus ope-
randi, and “localized destruction” of dental hard tissues is also a matter to be studied.

A remarkable study on diet and prevalence involving dental caries is performed 60 years ago 
by Gustafsson and co-workers [2]. Apart from the present perspectives concerning ethical 
issues when conducting clinical trials, the Vipeholm study clearly showed that dental caries 
are strongly tied to the availability of refined sugar. This was particularly evident for sugar 
intake between meals. It is important to point out that at the time, the scientific community 
was skeptical concerning the preventive effects of reductions of sugar intake on the formation 
of caries [3]. The idea that caries is not only a sugar-driven disease, but actually is a sugar-
disease, has been strongly defended [4]. Assuming this hypothesis, certain researchers regard 
dietary sugars as the main cause for the development and establishment of caries.

In addition to sugar, the development of caries is clearly dependent on dental plaque activity. 
Recent advances regarding the process of dental decay have indicated that so-called “den-
tal plaque” is in fact a “dental biofilm” [5]. The dental biofilm concept supports the idea 
of an organized microbial community. Thus, a change in nomenclature is not just toward a 
new name, but represents true conceptual modifications in several aspects. Today, bacterial 
biofilm is regarded as a sort of microcosm of bacteria and fungi both living and competing 
within a complex matrix. In order to support this point of view, caries is no longer seen as 
related to a single bacterium species. For many years, Streptococcus mutans the most relevant 
sugar-fermenting, acidogenic species was regarded as the main causative agent of dental car-
ies. However, recent investigations have shown that dental caries are related to a significant 
and diverse ecosystem and surprisingly, S. mutans is just a small fraction of the bacterial 
community [5]. It is also important to consider that in most situations, the microorganisms of 
the dental biofilm are not pathogenic. In fact, certain bacteria are necessary since a “healthy” 
biofilm forms naturally on teeth and helps to avoid colonization by exogenous species. If 
refined sugar is available, bacterial acid production increases resulting in an immediate pH 
drop. Demineralization takes place in an acidic environment. Frequent cariogenic challenges 
result in mineral loss and development of carious lesions. Bacterial acid production and its 
consequences for the delicate balance between de- and re-mineralization had generally been 
assumed to be ecological phenomena [5, 6]. However, as already noted, it is the communal life 
itself as formed by these multiple microorganisms that collectively promotes carious lesion 
development.
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Though dental caries is ubiquitous in many populations of the world, there is an evident 
decline in the prevalence of caries in many countries. This was quickly observed in industri-
alized and developing nations. The main reasons for this decline in caries is related to two 
factors: (a) the widespread use of fluoridated products, particularly through the effective 
introduction of fluoride in toothpastes and (b) individual commitment to oral hygiene habits, 
in other words, more people maintain reasonably good levels of oral hygiene throughout 
their lives [7, 8]. Yet surprisingly, in many countries where declines in caries were observed, 
sugar intake remained stable [9, 10].

The prevalence of dental caries is frequently measured by epidemiological indexes such as 
the DMFT. This index quantifies dental caries based on the number of carious or decayed (D), 
missing (M), or filled (F), teeth (T). The DMFT index does not provide information regarding 
carious attack severity, nor does it provide useful information concerning the surfaces of teeth 
where carious lesions occur. Therefore, the epidemiological index DMFS (decayed, missing, 
and filled by surface), and other forms of measurement have been proposed [11].

This decline in caries has raised certain interesting challenges for dental professionals. For 
many individuals of the same age, the progression of carious lesions is no longer as fast as pre-
viously recorded. Thus, simply recording caries as a cavitated lesion is no longer the study or 
clinical assessment end point. Further, there is now confusion in the terminology used in many 
studies dealing with caries (e.g., “caries diagnosis” versus “carious lesions detection”) [11, 12].

Dental caries can be scored in various levels of severity ranging from white spot lesions to full 
cavitation. Caries diagnosis can be considered a multiple step procedure, starting with iden-
tification of the candidate lesion (caries detection), followed by assessment of lesion severity, 
and finally, determination of lesion activity [12]. These are the main components guiding the 
establishment of an appropriate treatment plan (operative or non-operative) for contempo-
rary primary or secondary caries management. Caries risk assessment, diagnosis, and synthe-
sis (combining and interpreting findings) are considered to be the chief domains in Cariology, 
and the basis of clinical decision-making [13].

Currently, all research in dental caries prevention, development or treatment should on one 
hand, consider the influence of fluoride on the general decline in caries, and on the other hand 
evaluate the most relevant etiological factors. A third point concerning preventing dental car-
ies must also be considered: a good understanding of dental anatomy. Complete recovery 
of tooth function can only be achieved if a good knowledge of dental anatomy is applied. In 
addition, the science of dental anatomy is also important for understanding carious risk to a 
specific tooth, or to specific areas within the mouth [14].

Dental caries is a disease mediated by biofilm and pH that affects people from all over the 
world. Sugar intake patterns are also important and may explain why some people have more 
caries than others. Caries may also affect socially vulnerable individuals more than those who 
can afford to maintain oral hygiene habits. As caries disproportionally affect certain groups of 
individuals, the same is true for certain groups of teeth. Why do caries affect molars more than 
incisors? Why are caries more prevalent in occlusal surfaces as compared to free and smooth 
surfaces? This is where dental anatomy and caries meet. The aim of this chapter is to review 
certain features of dental anatomy and their influence on the progression of dental caries.
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1. Introduction

Dental caries affects a significant number of populations throughout the world as a multifac-
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tal plaque” is in fact a “dental biofilm” [5]. The dental biofilm concept supports the idea 
of an organized microbial community. Thus, a change in nomenclature is not just toward a 
new name, but represents true conceptual modifications in several aspects. Today, bacterial 
biofilm is regarded as a sort of microcosm of bacteria and fungi both living and competing 
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2. Principles of cariology: dental caries reviewed

Cariology is generally known as the study of dental caries or tooth decay. Yet for many dental 
students, cariology is not a true clinical science, since it is (at least in most cases) presented 
only at the beginning of the undergraduate course, or merely as a research project. However, 
recent developments provide new perspectives to this field. Cariology is not confined to 
dental caries alone. Cariology includes research in dental hard tissues, dental wear (erosive/
non-erosive), and dental hard tissue disorders [13]. This wider view of cariology opens new 
perspectives in dental education and research, being a strong motive for improving diagnos-
tic skills, while treating and preventing carious lesions in more effective ways [15, 16].

2.1. Dental caries

Dental caries is ubiquitous worldwide. It is a sugar-driven, biofilm-dependent, multifactor disease, 
and in many aspects a dynamic process. The continuous presence of pathogenic oral biofilms is 
the main etiological factor for demineralization and as stated before, certain reports give emphasis 
to dietary sugars as the main cause for dental caries [4, 17–19]. However, other etiological factors 
cannot be neglected [20]. For instance, the presence of sugar alone on a free biofilm dental surface 
will not result in dental caries. Dental caries results from a shift in local environment acidity pro-
moted by microbial metabolism on a tooth surface. Mineral loss on a tooth surface is so subtle in 
the beginning that even very sensitive techniques are unable to indicate when a carious dental 
lesion has started. Frequent mineral losses eventually become a pit or a small cavitation [21].

The major factors involved in the dental caries mechanism are well understood. Presently, it 
is accepted that dental biofilms play a central role in dental caries. Dental caries appear on the 
tooth only where dental biofilms are found. It is also true that demineralization is provoked 
by microorganism produced acids, and the degree of mineral loss is directly modulated by 
both the presence and activity of these dental biofilms. Demineralization can be interrupted 
or reverted toward remineralization (a mineral recovery process) when the biofilm is either 
partial or totally removed [22]. This is a time-dependent complex process not a single event. 
Dental caries is always described as a chronic and progressive demineralization of hard tis-
sues that occurs in tooth surfaces underneath a microorganism layer.

The pathogenesis of dental caries is driven by the establishment of a dental biofilm and forma-
tion of an acidogenic environment [20–24]. Frequent de-mineralization events due to repeated 
cycles of lactic acid production will eventually cause severe dissolution of the tooth enamel or 
dentin. As a result, white spots begin to appear underneath pathogenic biofilms. In most cases, 
the process takes several months, but it can occur in few weeks if the tooth surface is exposed 
to extreme cariogenic challenges. Interestingly, just as the microbial composition of dental 
biofilms can shift as driven by diet, or through biofilm removal (oral hygiene), the microbial 
community can also vary from site-to-site within the mouth, as between individuals.

Clinical microbiology studies have demonstrated that Mutans streptococci, especially S. 
mutans, are more prevalent in children who have experienced dental caries during child-
hood [21]. Yet not all children who develop caries are colonized with Mutans streptococci. 
The observations provide a clear indication that dental caries are a result of a very complex 
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 process influenced by the interplay of many variables such as oral microbiota, saliva, dietary 
patterns, and oral hygiene habits [25, 26]. The most recent consensus is that microbial diver-
sity appears to be lower in diseased than in healthy individuals and may reflect the ecological 
pressure of lowered environmental pH [27].

In addition to the differences in microbial patterns between healthy and disease individuals, a 
recent observation in children showed that biofilms also differ according to the site of the tooth 
[28]. In other words, the environmental pH within dental biofilms can differ according to its 
location on the tooth. This scenario supports observations that dental morphology contributes 
to pathogenic biofilm development at certain tooth sites, and since salivary enzymes reach 
free-surface biofilms more easily than those located in dental fissures; the relationship becomes 
even more complex. Yet, it can be concluded that for dental caries there are predilection sites.

3. Dental morphology

Human dental anatomy presents many instances of biologic variation, and for future dental 
educational planning a greater number of examples of dental morphology variation should 
be used. The use of natural teeth for teaching is very important, but natural images can also 
help [29]. A simple investigation into the external morphology of the human tooth clearly 
shows three distinct parts:

a. Crown: the top part of the tooth covered in its external layer with enamel tissue. It is the 
only part you can normally see when someone is smiling, though a small part of it may be 
covered by the gums. The shape of the tooth’s crown determines its function. The incisors 
and canine teeth are very sharp and chisel-shaped for cutting; premolars and molars have 
two or more cusps for grinding. The coronal part of the human tooth is composed of two 
hard tissues: enamel and dentin, this includes the dental pulp, located in the crown.

b. Gumline: this is the part of the tooth between the crown and the root. It is where the gums meet 
the crown and the cementoenamel junction is located. This line (also known as the cervical line) 
is easily visible to the naked eye due to the color difference between enamel and cementum.

c. Root: this is the part of the tooth that is embedded in the bone. The root of a tooth makes 
up about two-third of its whole structure. It is covered with cementum.

These three parts of human teeth play distinct functions within the oral cavity (Figure 1). 
Their anatomical features, size, and shapes are directly related to their ability to tear and crush 
the food. Incisor and canine crowns have four surfaces and a ridge (a linear elevation on the 
surface of a tooth), whereas premolar and molar crowns have five surfaces. The surfaces are 
named according to their positions and functions. Interestingly, teeth exposed to very strong 
masticatory forces require greater support area. This explains why molars have three roots, 
whereas incisors have only one. In the oral environment, biting and chewing are very complex 
phenomena which are also connected to the form, size, and shape of the teeth [30, 31].

Human teeth present anatomical details related to their specific function during mastication, 
with depressions, elevations, concavities, and convexities. From the perspective of anatomical 
features, the crown of a tooth can be classified as having retentive and non-retentive areas.
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The line that separates these areas is called the equatorial line. This is an imaginary line that 
can be drawn by circling the most convex surfaces of a tooth: the lingual, buccal, and proximal 
(Figure 2).

Considering homologous teeth, the equatorial and occlusal molar areas (surfaces close to 
equatorial lines) are on average larger in males than in females, though equatorial and occlu-
sal outlines of homologous left and right molars within both sex, and arch (maxillary and 
mandibular) are similar, being without size and shape differences [32].

The vestibular (buccal) and lingual contour heights (curvature crest) are important to divert 
and prevent food from getting stuck in the gingival sulcus. The crest curvature is the anatomi-
cal point on tooth crown where a parallel line drawn toward the middle-root axis line touches 
the greatest convexity (protuberance). Contact areas between two teeth are known as proximal 
contour heights. The possibility of food impactation at these points is a matter of concern. In 
healthy individuals or in most cases, points of contact between any tooth and any adjacent tooth 
change with time. In young persons, the contact points of recently erupted teeth are true contact 
points. In adults, after many years of small and frequent movements, the tooth surfaces can be 
flattered because of mastication. It has been estimated that in an adult mouth of 40 years of age, 
approximately 10 mm of enamel have been worn off due to the contact area wear [30, 31].

Certain major anatomical features encountered when studying dental morphology are pre-
sented in Table 1.
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Figure 1. Dental tooth major anatomical parts. (A) Crown; (B) cervical line; (C) root.

A

C
B

Figure 2. The equatorial line of a tooth. (A) Non-retentive area; (B) equatorial line; (C) retentive area.
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A complete description of dental features can be found in publications specifically concern-
ing tooth anatomy. The difference between teeth groups, differences in nomenclature and 
detailed descriptions for each human tooth type are beyond the scope of this chapter. Further 
information on this topic can be found elsewhere [30, 31].

4. Dental anatomy and caries

Klein and Palmer were the first investigators to clearly describe relationships between dental 
caries and the various morphological tooth types [32, 33]. Their work provided the very use-
ful information that mandibular molars were much more susceptible to carious attack than 
mandibular canines and incisors. Although it seems obvious currently, this information was 
collected when most American cities had a high prevalence of caries, and the upper incisors 
were frequently affected by carious lesions. For that time, these relationships were some-
what obscure. Today, it seems evident that occlusal surface irregularities can facilitate biofilm 
development and eventually result in carious lesions.

Depressions and grooves in the teeth are always anatomical points of concern for dental car-
ies (Figure 3). For the clinician, great individual variation is found in the occlusal areas of the 
teeth, yet these occlusal areas and proximal contact points are generally the main focus of 
clinical examinations. The sulci of human teeth are generally V-shaped, and though in most 
cases, the toothbrush bristles can remove a good portion of biofilms in this area, certain debris 
and microbial biofilm will remain attached to the deeper parts of the sulcus.

Anatomical 
features

Definition

Cusp Elevation or mound on the crown that makes up a divisional part of the occlusal surface 
of the tooth

Tubercle Smaller elevation on some portion of the crown produced by an extra formation of enamel

Cingulum Also known as “girdle” (Latim) is the lingual lobe of an anterior tooth. It makes up the bulk of the 
cervical third of the lingual surface. Its convexity mesiodistally resembles a girdle encircling the 
lingual surface at the cervical third

Ridge Linear elevation on the surface of a tooth and is named according to its location (e.g., buccal 
ridge, incisal ridge, marginal ridge). Marginal ridges are those rounded borders of the enamel 
that form the mesial and distal margins of the occlusal surfaces of premolars and molars and the 
mesial and distal margins of the lingual surfaces of the incisors and canines

Sulcus Long depression or valley in the surface of a tooth between ridges and cusps. A sulcus has a 
developmental groove at the junction of its inclines

Groove Linear channel or sulcus

Fossa Depression on the tooth surface

Embrasures Open spaces between teeth and around a contact (e.g., occlusal (incisal) embrasures, buccal and 
lingual embrasures and gingival embrasures)

Source: Adapted from Scheid and Weiss [30] and Stanley and Major [29].

Table 1. Some major anatomical characteristics and features of human dental teeth.
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Certain researchers use the term “groove-fossa system” (Figure 4A) when describing depres-
sions in the occlusal part of a tooth that is vulnerable to dental caries [34]. This is of particular 
importance in Pedodontics for identifying risk areas for caries in deciduous teeth and first 
permanent molars. The pit formed by junction of developmental grooves is a very interesting 
anatomical feature in the molar occlusal surface; a very “tricky” area for dental caries on the 
occlusal surface.

Hidden caries is a term used to describe occlusal dentine caries that are missed upon visual 
examination [35]. In most hidden caries cases, a tiny open cavity is located between grooves. 
Basically, the point occurs at the convergence of occlusal surface ridges that terminate at a 
central point in the bottom of the depression. It is a junction of grooves, also regarded as a 
small physiological-anatomical depression, and easy to verify as an attractive location for 
bacterial growth. As a result of constant deep demineralization, a cavity can appear below 
the resistant enamel. In general, its opening (aperture of the lesion) corresponds to a small pit 
formed in the central fossa between the triangular ridge and the transverse ridge [35].

The fifth cusp in the upper molars (also known as the Carabelli trait) is frequently observed 
during dental examination. It has received many different names such as: Carabelli trait, 
Carabelli tubercle, molar tubercle, enamel elevation, fifth cusp, accessory cusp, mesiopalatal 
prominence, and tuberculum anomalum [36]. It is less prevalent in Asians, but is most com-
mon in Europeans 85% or White Caucasians. Carious lesions are also frequently observed at 
this site (Figure 4B).

A very special landmark on mandibular first molars is the mesiobuccal groove. It is a sort 
of sulcus that stretches from the occlusal surface to the buccal surface, and is frequently 
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neglected during dental exams. Although sometimes rather shallow, this narrow groove can 
harbor a small but active bacterial community which can easily provoke cavitation.

Microbial colonization is expected in areas where food impactation is frequent. Thus, all prox-
imal areas below the contact point are favorable sites for food retention, biofilm development 
and caries. The truth is that together, all of the teeth groups (incisors, canines, premolars and 
molars) work harmonically toward breaking down food. After a good meal, it is evident that 
the anatomical features of the teeth have worked together harmonically for biting, crushing, 
and chewing foodstuffs. However, the shapes of the teeth and their position in the oral cavity 
may reveal certain gaps where food can accumulate. Other variables must also be considered 
such as the health status of the gums and the period of tooth eruption.

Normal tooth eruption, development and dental occlusion patterns reveal broad variations. 
However, certain common events are expected such as slow and irregular eruption of first 
molars in children and third molar eruption in adolescents and adults. The morphology of 
a tooth and its eruption time may carry a certain importance for the development of den-
tal caries. Due to favorable conditions for plaque accumulation (biofilm formation), erupt-
ing teeth are more likely to develop dental caries. Further, there is also strong evidence that 
tooth anatomy may affect the likelihood of caries formation. Yet, how deep is the connection 
between these variables?

A very interesting study investigated the morphology of erupting third mandibular human 
molars including histological caries features and whether the morphology of interlobal 
grooves influences specific microorganism viability [37]. A total of 116 buccolingual sections 
of 22 teeth were examined, and the mesiodistal interlobal groove was classified as either 
“fissure-like” or “groove-like”. “Fissures” were less prone to caries than “grooves”. Viable 
microorganisms were seen at the entrance as well as in the interiors of the “grooves”. In “fis-
sures” viable microorganisms were primarily observed at the entrance, while in the interiors 
microorganisms were less viable or dead. The authors concluded that the internal morphol-
ogy of interlobal grooves influences bacterial growth conditions, and determines locations for 
caries progression within a groove-fossa system.

The formation of a microbial biofilms on teeth is enhanced by natural retention factors, which 
can also render removal by means of oral hygiene more difficult. Certain relevant retention 
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Figure 4. (A) The “groove-fossa system” of a posterior tooth. (B) The accessory cusp in an upper molar tooth.
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may reveal certain gaps where food can accumulate. Other variables must also be considered 
such as the health status of the gums and the period of tooth eruption.
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factors for biofilms on the cervical third and roots include: supra- and subgingival calculi; 
cementoenamel junctions and enamel projections; furcation entrances and irregularities; cer-
vical and root surface caries; and tooth crowding in the arch. [38].

Without proper brushing and flossing, microbial biofilms and tartar can build up at the gum-
line, leading to gingivitis and gum disease. If the margin of the gum tissue that surrounds the 
teeth wears away, the root surface is exposed and caries are likely to develop. This is called 
gum recession, a complex process where the gums pulls back and the gum line changes. When 
gum recession occurs, “pockets” or gaps form between the teeth and the gum line. Under this 
influence, the teeth can be severely damaged, and may ultimately result in tooth loss.

Human teeth present a varied and complex morphology with bases in the innumerous ana-
tomical characteristics provided for by their grooves, fissures, and sulci. Certain teeth unex-
pectedly reveal risk areas in subtle and hidden structures. For instance, the lingual pit in 
lateral upper incisors must often be restored due to caries, for in addition to its own mor-
phology; the tooth has its neighboring tooth creating the embrasures and contact points; an 
antagonist tooth that can force food and debris toward the grooves, fissures, and sulci. Finally, 
the cervical third of the proximal surface is surrounded by the gums. This is a very special 
area where open smooth surfaces may also present dental caries, a spot where biofilms are not 
linked to any specific anatomical feature. Microbial biofilms can form and develop in many 
anatomical tooth sites or even on free smooth surfaces (cervical third) when conditions are 
favorable. Table 2 presents the predilection sites for dental caries by tooth group.

For an experienced dentist, the most common locations of dental caries, presented in Table 2 are 
obvious. Nevertheless, the examination process for detecting dental caries needs to be carefully 
performed even by experienced professionals. It is not rare that a white spot (demineralization 
area indicating initial caries) is neglected during dental examination. This is the reason for removal 
of all dental plaque (biofilms) prior any dental examination. Dental caries forms in sites of biofilm 

Tooth groups Risk areas for dental caries

Incisors All cervical third (particularly free smooth surfaces close to the gum line)Mesial and distal surfaces 
(below contact point)
Lingual pit (lingual surface of lateral incisors)

Canines All cervical third (particularly free smooth surfaces close to the gum line) Mesial and distal surfaces

Pre molars All cervical third (particularly free smooth surfaces close to the gum line) Mesial and distal surfaces 
(below contact point)
Sulci
Fissures and grooves
Triangular fossa (occlusal surface)

Molars All cervical third (particularly free smooth surfaces close to the gum line)
Mesial and distal surfaces (below contact point)
Sulci (including sulcus close to Carabelli trait)
Fissures and grooves (including the mesio-buccal groove)
Triangular fossa (buccal and occlusal surfaces)
Central fossa

Table 2. Risk areas for dental caries at each tooth group.
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stagnation and these sites can frequently remain hidden from sight. Another fundamental condi-
tion is the proper light source and the aid of compressed air for dehydrating the tooth surface.

Factors affecting caries detection can vary if the dental examination is in a child, an adoles-
cent or an adult. First, carious lesions can either be visualized at early stages or as a cavitated 
lesion; second, during childhood, mixed dentition can be a confounding factor; a third vari-
able is related to the different diagnostic tools (e.g., probes, radiographs). Finally, carious 
locations can also vary with age, for instance, carious lesions can be found in unexpected sites. 
In young children, dental plaque (biofilm) can easily accumulate underneath and close to the 
gum line of upper incisors due to extensive bottlefeeding.

When comparing differences between deciduous and permanent teeth, dental caries progres-
sion is faster in deciduous teeth because deciduous tooth enamel is less mineralized than 
permanent tooth enamel. The chemical composition of the enamel is another factor in rapid 
deciduous caries progression because the total carbonate content is significantly higher in 
deciduous teeth [77].

In the following sections, classification of dental caries based on their locations is presented. It 
is important to point out that this approach is only a general guideline for a better understand-
ing of this topic. The limitation of such an approach is related to the lack of clinical information, 
which would provide even better comprehension about the development of the carious lesions.

4.1. Occlusal caries

In the permanent dentition, occlusal fissures and grooves on the first permanent molar are 
generally the first sites to develop caries [39]. In fact, all depressions in the occlusal surface can 
be regarded as predilection sites for dental caries. The same is not true for primary dentition 
since early childhood caries (ECC), a typical condition of deciduous incisor smooth surfaces 
often occurs. It is estimated that occlusal caries account for most of the carious lesions in chil-
dren aged 8–15 years. The general distribution of occlusal lesions seems to be concentrated in 
the first and second permanent molars, prevalent in all age groups. Since 1965, certain investi-
gations have supported the view that occlusal molars surfaces are the most caries susceptible 
[40–42]. A good listing by rank shows the most susceptible surfaces for caries (from the most 
susceptible to the less susceptible), distributed as follows: occlusal surface of the four first 
molars > occlusal surface of the lower second molars > occlusal surface of the upper second 
molars > mesial surface of the upper first molars [41].

Since occlusal surfaces are present only in pre-molars and molars, the development of biofilms 
on these sites is related to pressed and packed debris and biofilms upon fissures, grooves, and 
sulci. The clinical appearance of carious lesions varies significantly, and discoloration in these 
occlusal depressions may be either white or dark [43, 44]. These discolorations can remain 
even after the tooth is extracted.

As to dental treatment for occlusal caries, the threshold for operative treatment is still a matter 
of debate [39]. A recent study supports the view that younger dentists are more reluctant to 
remove hard tooth tissues. Types of dental material are also converging; composites are replac-
ing amalgams or other filling materials [40]. It must be noted that on the whole, development 
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lateral upper incisors must often be restored due to caries, for in addition to its own mor-
phology; the tooth has its neighboring tooth creating the embrasures and contact points; an 
antagonist tooth that can force food and debris toward the grooves, fissures, and sulci. Finally, 
the cervical third of the proximal surface is surrounded by the gums. This is a very special 
area where open smooth surfaces may also present dental caries, a spot where biofilms are not 
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anatomical tooth sites or even on free smooth surfaces (cervical third) when conditions are 
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obvious. Nevertheless, the examination process for detecting dental caries needs to be carefully 
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area indicating initial caries) is neglected during dental examination. This is the reason for removal 
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stagnation and these sites can frequently remain hidden from sight. Another fundamental condi-
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cent or an adult. First, carious lesions can either be visualized at early stages or as a cavitated 
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able is related to the different diagnostic tools (e.g., probes, radiographs). Finally, carious 
locations can also vary with age, for instance, carious lesions can be found in unexpected sites. 
In young children, dental plaque (biofilm) can easily accumulate underneath and close to the 
gum line of upper incisors due to extensive bottlefeeding.
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permanent tooth enamel. The chemical composition of the enamel is another factor in rapid 
deciduous caries progression because the total carbonate content is significantly higher in 
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In the following sections, classification of dental caries based on their locations is presented. It 
is important to point out that this approach is only a general guideline for a better understand-
ing of this topic. The limitation of such an approach is related to the lack of clinical information, 
which would provide even better comprehension about the development of the carious lesions.
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generally the first sites to develop caries [39]. In fact, all depressions in the occlusal surface can 
be regarded as predilection sites for dental caries. The same is not true for primary dentition 
since early childhood caries (ECC), a typical condition of deciduous incisor smooth surfaces 
often occurs. It is estimated that occlusal caries account for most of the carious lesions in chil-
dren aged 8–15 years. The general distribution of occlusal lesions seems to be concentrated in 
the first and second permanent molars, prevalent in all age groups. Since 1965, certain investi-
gations have supported the view that occlusal molars surfaces are the most caries susceptible 
[40–42]. A good listing by rank shows the most susceptible surfaces for caries (from the most 
susceptible to the less susceptible), distributed as follows: occlusal surface of the four first 
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molars > mesial surface of the upper first molars [41].
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on these sites is related to pressed and packed debris and biofilms upon fissures, grooves, and 
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occlusal depressions may be either white or dark [43, 44]. These discolorations can remain 
even after the tooth is extracted.

As to dental treatment for occlusal caries, the threshold for operative treatment is still a matter 
of debate [39]. A recent study supports the view that younger dentists are more reluctant to 
remove hard tooth tissues. Types of dental material are also converging; composites are replac-
ing amalgams or other filling materials [40]. It must be noted that on the whole, development 
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of carious lesions has lessened due to both fluoride exposure and accessibility to oral hygiene 
procedures. Caries risk assessment may help determine whether drilling of an occlusal fissure 
or choosing a non-invasive treatment is more appropriate. In both cases, a good understanding 
of premolar and molar occlusal morphology of is needed (Figure 5).

4.2. Interproximal caries

Different from occlusal surfaces, the process for detecting proximal carious lesions is 
hampered by natural variations in dental morphology and their relations to the adja-
cent teeth. Proximal lesions develop between contacting proximal surfaces (just below 
the contacting point) of two adjacent teeth. Proximal lesions are hard to visualize dur-
ing the clinical exam, and if not detected during the initial stages, radiographs and 
tooth separation often reveal their presence Evidence of a proximal lesion in one tooth 
raises significant concerns since the neighboring tooth in most cases is also affected. 
Proximal lesions do eventually appear clinically as opaque areas on buccal and lingual 
surfaces [45–47].

It is estimated that at least 40% of proximal carious lesions are missed during dental exami-
nations and are allowed to continue growing. Tightly contacting proximal surfaces between 
teeth create detection and treatment difficulties, even for experienced clinicians. Recent 
techniques have been developed to facilitate penetration of low-viscosity resins into the 
porous lesion body of enamel caries. Infusion of a highly fluid unfilled light-cured resin 
known as “resin infiltration system” is particularly useful for treating incipient proximal 
lesions [48].

Many dental professionals do not consider single tooth proximal surface dental morphology 
by itself as a predilection for caries. However, a recent study concluded that morphologies 

Figure 5. Occlusal caries.
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of proximal surfaces are important for primary molar teeth [49]. In this study, 52 young 
children (3–4 year-olds) were followed for 1 year. The morphology of the distal surfaces of 
the first molar teeth and the mesial surfaces of the second molar teeth (n = 208) were scored 
in four categories: concave-concave; concave-convex; convex-concave; and convex-convex. 
Radiographs were used to monitor proximal caries, and the results showed risk of develop-
ing caries is increased if both surfaces are concave. It is important to point out that proximal 
surfaces of permanent and primary molar teeth may be convex or concave in the buccolin-
gual direction as well as in the occluso-cervical direction [49, 50].

When teaching dental anatomy, apart from the fact that two neighboring teeth can create a 
favorable site for caries development, proximal surfaces are generally presented without any 
special anatomical characteristic. In addition to shape (convex or concave) another point to 
consider is how wide is the space between teeth if any? If the contact point is actually an open 
space between the teeth (broad contact area), a significant drop in the likelihood of caries 
formation is expected. Researchers have evaluated whether the risk of proximal caries in pos-
terior primary teeth is higher when interproximal contact points are closed, or if they are open 
[51]. Data concerning known risk factors and indicators for caries were also investigated. The 
findings for young children (24–72 months) showed the odds for caries were significantly 
increased when such contact points were closed.

For detection of proximal caries, and as adjuncts in the process, bitewing radiographs remain 
state-of-the-art. However, a good number of caries detected by radiographs (lesions extended 
to the outer dentine) can be intact on enamel surfaces [52]. Since carious lesions are directly 
dependent on the continuous presence of active microorganisms, a reasonable approach is to 
monitor caries using a series of bitewing radiographies [53] (Figure 6).

Figure 6. Interproximal caries below the contacting point.
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4.3. Buccal and lingual caries

In opposition to occlusal surfaces that are rich in fissures and grooves, there is no favor-
able anatomical environment for complex organized microorganism microcosms on the 
smooth tooth surface, dental biofilms on free smooth surfaces have a different evolution 
as compared to occlusal surfaces, and carious lesions on smooth surfaces of the teeth 
and can be detected in early stages. The challenge for “early colonizing microorgan-
isms” is high since the morphology does not help, and shear forces are constantly taking 
cells away. It has been observed that during the first few hours of biofilm formation, 
early colonizers of the tooth surface predominantly consist of beneficial microorganisms 
(Actinomyces and Streptococci species) [54, 55]. Later, the first subsequent proliferation is 
largely due to microbial mass increase during early plaque formation which is modu-
lated by nutrition and the impact of serum proteins that emanate from gingival sulcus 
[55]. Thus, any free smooth surfaces prone to caries are mainly restricted to areas below 
the equatorial line, in other words, restricted to the cervical third and close to the gum 
line (Table 1).

Normal tooth contours provide constant protection from the influence of direct salivary flow 
and from the masticatory function of the cervical third. Thus certain stagnation of mass may 
take place and demineralization can create surface roughness providing more attachment 
points. Further, certain surface characteristics such as hydrophobicity and chemical charge 
can modulate the number of microorganisms in “mature” biofilm [56]. It must be pointed out 
that if over-contouring of the tooth is present more food retention is likely to occur, and as a 
result, a more pathogenic biofilm will be established.

In summary, microbial adherence to rough surfaces takes place easily due to occlusal surface 
pits and grooves. Though on free smooth surfaces, the reduced influence of shear forces cre-
ates difficulties for microbial adherence; initial attachment and subsequent development of a 
biofilm cannot generally be avoided altogether. Tiny irregularities in the surface caused by 
the demineralization enhance the development of the biofilms in these areas, particularly on 
the cervical third close to the gum line and on root surfaces [57].

Dental caries in early childhood are a challenge for many dentists since dental caries often 
begin during the first year of life. Early childhood caries (ECC) begins soon after dental erup-
tion, developing on smooth surfaces, and progressing rapidly; having a lasting detrimental 
impact on dentition. Carious lesions in children may be found on either the buccal or lingual 
surfaces of the teeth and, in certain cases, on both [58].

Clinically, dental caries on smooth surfaces appear as white spots (opaque areas) in the 
enamel, reflecting demineralization or loss of minerals in the tissue subsurface. Oral pro-
phylaxis and drying the tooth surface are crucial procedures for detecting the lesion. Their 
appearance can be characterized by several factors such as the depth of the lesion. Yet the 
carious lesion on a free smooth surface is easily observed extending in a half-moon shape 
following the gum line [38, 59, 60] (Figure 7).
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5. Dental caries and other conditions

5.1. Dental caries in partially erupted tooth

Dental cariologists have placed great efforts into identifying the human tooth surfaces at risk. 
Since susceptibility of a tooth surface to caries can vary over time, the task is not simple. In 
general, it is accepted that the period of peak susceptibility for caries occurs at about 4 years 
from eruption of the tooth. Carlos and Gittelsohn [40] found that the probability of a carious 
lesion is greatest during the second post-eruptive year (in the second permanent molars), but 
for other teeth the period of maximum carious attack is reached about 2 years afterwards. 
Another study recently concluded that carious susceptibility variations do exist, and the most 
vulnerable sites are those surfaces with pits and fissures, followed by proximal surfaces [42].

There is no doubt that susceptibility to caries is partially influenced by the period of tooth 
eruption, information particularly relevant if the patient is a child with mixed dentition. When 
the tooth is partially erupted, the so-called “groove-fossa system” is under greater attack. 
There is also great evidence that oral hygiene of the occlusal surface of partially erupted teeth 
is fundamental for a proper prevention of dental caries [12, 34, 61].

Partially erupted teeth do not participate fully in mastication and for this reason offer more 
favorable environments for bacterial accumulation than fully erupted teeth [34]. As might be 
expected, it has been observed that the amount of biofilm accumulated on the occlusal sur-
faces in partially erupted molars is higher than in fully erupted molars [62]. Due to the fact 
that the lower and upper third molars are the most commonly enclosed teeth; pericoronitis 
associated with bad oral hygiene and smaller self-cleansing area, leads to accumulation of 
food and microorganisms that cannot be cleaned with normal brushing and flossing, causing 

Figure 7. Severe buccal caries in upper incisors.

Dental Anatomical Features and Caries: A Relationship to be Investigated
http://dx.doi.org/10.5772/intechopen.71337

75



4.3. Buccal and lingual caries

In opposition to occlusal surfaces that are rich in fissures and grooves, there is no favor-
able anatomical environment for complex organized microorganism microcosms on the 
smooth tooth surface, dental biofilms on free smooth surfaces have a different evolution 
as compared to occlusal surfaces, and carious lesions on smooth surfaces of the teeth 
and can be detected in early stages. The challenge for “early colonizing microorgan-
isms” is high since the morphology does not help, and shear forces are constantly taking 
cells away. It has been observed that during the first few hours of biofilm formation, 
early colonizers of the tooth surface predominantly consist of beneficial microorganisms 
(Actinomyces and Streptococci species) [54, 55]. Later, the first subsequent proliferation is 
largely due to microbial mass increase during early plaque formation which is modu-
lated by nutrition and the impact of serum proteins that emanate from gingival sulcus 
[55]. Thus, any free smooth surfaces prone to caries are mainly restricted to areas below 
the equatorial line, in other words, restricted to the cervical third and close to the gum 
line (Table 1).

Normal tooth contours provide constant protection from the influence of direct salivary flow 
and from the masticatory function of the cervical third. Thus certain stagnation of mass may 
take place and demineralization can create surface roughness providing more attachment 
points. Further, certain surface characteristics such as hydrophobicity and chemical charge 
can modulate the number of microorganisms in “mature” biofilm [56]. It must be pointed out 
that if over-contouring of the tooth is present more food retention is likely to occur, and as a 
result, a more pathogenic biofilm will be established.

In summary, microbial adherence to rough surfaces takes place easily due to occlusal surface 
pits and grooves. Though on free smooth surfaces, the reduced influence of shear forces cre-
ates difficulties for microbial adherence; initial attachment and subsequent development of a 
biofilm cannot generally be avoided altogether. Tiny irregularities in the surface caused by 
the demineralization enhance the development of the biofilms in these areas, particularly on 
the cervical third close to the gum line and on root surfaces [57].

Dental caries in early childhood are a challenge for many dentists since dental caries often 
begin during the first year of life. Early childhood caries (ECC) begins soon after dental erup-
tion, developing on smooth surfaces, and progressing rapidly; having a lasting detrimental 
impact on dentition. Carious lesions in children may be found on either the buccal or lingual 
surfaces of the teeth and, in certain cases, on both [58].

Clinically, dental caries on smooth surfaces appear as white spots (opaque areas) in the 
enamel, reflecting demineralization or loss of minerals in the tissue subsurface. Oral pro-
phylaxis and drying the tooth surface are crucial procedures for detecting the lesion. Their 
appearance can be characterized by several factors such as the depth of the lesion. Yet the 
carious lesion on a free smooth surface is easily observed extending in a half-moon shape 
following the gum line [38, 59, 60] (Figure 7).

Dental Anatomy74

5. Dental caries and other conditions

5.1. Dental caries in partially erupted tooth

Dental cariologists have placed great efforts into identifying the human tooth surfaces at risk. 
Since susceptibility of a tooth surface to caries can vary over time, the task is not simple. In 
general, it is accepted that the period of peak susceptibility for caries occurs at about 4 years 
from eruption of the tooth. Carlos and Gittelsohn [40] found that the probability of a carious 
lesion is greatest during the second post-eruptive year (in the second permanent molars), but 
for other teeth the period of maximum carious attack is reached about 2 years afterwards. 
Another study recently concluded that carious susceptibility variations do exist, and the most 
vulnerable sites are those surfaces with pits and fissures, followed by proximal surfaces [42].

There is no doubt that susceptibility to caries is partially influenced by the period of tooth 
eruption, information particularly relevant if the patient is a child with mixed dentition. When 
the tooth is partially erupted, the so-called “groove-fossa system” is under greater attack. 
There is also great evidence that oral hygiene of the occlusal surface of partially erupted teeth 
is fundamental for a proper prevention of dental caries [12, 34, 61].

Partially erupted teeth do not participate fully in mastication and for this reason offer more 
favorable environments for bacterial accumulation than fully erupted teeth [34]. As might be 
expected, it has been observed that the amount of biofilm accumulated on the occlusal sur-
faces in partially erupted molars is higher than in fully erupted molars [62]. Due to the fact 
that the lower and upper third molars are the most commonly enclosed teeth; pericoronitis 
associated with bad oral hygiene and smaller self-cleansing area, leads to accumulation of 
food and microorganisms that cannot be cleaned with normal brushing and flossing, causing 

Figure 7. Severe buccal caries in upper incisors.

Dental Anatomical Features and Caries: A Relationship to be Investigated
http://dx.doi.org/10.5772/intechopen.71337

75



the development of caries [61]. Removing dental biofilm in partially erupted molars is more 
difficult than in fully erupted molars [62, 63].

Eventually, the tooth reaches the occlusal plan and masticatory forces help remove parts of 
the biofilm. This phenomenon can partially explain why most occlusal lesions tend to cease 
when teeth reach the occlusal plan. However, for certain individuals, a significant proportion 
of their carious lesions remain active and in need of proper management [64].

The presence of a partially erupted third molar can also create risks for caries. It is estimated 
that the prevalence of carious lesions on mandibular second molars due to the presence of a 
third partially erupted molar can reach up to 39% [65]. Mandibular third molars are the most 
frequently impacted teeth, a condition that is defined when the tooth does not reach the occlusal 
plane, even after root formation reaches two-thirds. Impacted third molars tend to accumulate 
biofilm against the distal surfaces of second molars, thereby creating the risk of distal cervical 
caries. A recent study has shown that second molars adjacent to absent third molars are at the 
lowest risk of developing caries and periodontal disease; whereas, second molars adjacent to 
soft tissue impacted third molars are at the greatest risk [66]. Thus, when a partially erupted 
mandibular third molar is not removed, good oral hygiene becomes essential to avoid caries [67]. 
The most important variables when considering caries risk in the second mandibular molar due 
to a partially erupted third molar are eruption status, type of angulation, and the nature of tooth 
contact between the molars. Such factors can be used as predictors to indicate the likelihood of 
developing caries on the second mandibular molar [67]. Otherwise, if recurrent dental caries 
occur on the second molar, the third molar must be prophylactically removed [68] (Figure 8).

5.2. Dental disorders and caries

Dental disorders in hard tissues are seldom presented and discussed during classes teaching 
dental anatomy. Most instructors are concerned solely with teaching the normal morphology 

Figure 8. Dental caries developed during eruption process in second deciduous molar.
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of the teeth. However, observation of dental abnormalities may lure students to acquire prob-
lem-solving skills. For instance, first molar and incisor morphologies can be explored together, 
in spite of the fact that they belong to different groups of teeth. With these teeth, the reason 
for a combined lecture comes from a common and frequently encountered condition observed 
by pediatric dentists: molar incisor hypomineralization (MIH). MIH is defined as a qualitative 
enamel defect of systemic origin. The terminology of MIH was introduced 16 years ago (2001) 
in order to describe enamel hypomineralization of systemic origin affecting one or more of the 
first permanent molars that are frequently associated with affected incisors [69].

In certain countries, the prevalence of MIH is regarded as very low (~2%), yet it has reached 
almost 40% in others. The high variance in recording MIH reflects difficulties in detecting 
and defining potential etiological factors [70–72]. The treatment for MIH is mainly restoration 
using Glass Ionomer Cement, and monitoring for defect associated caries. The probability of 
success is found to be high, mainly in single-surface tooth restorations. Complete removal 
of the affected areas (occlusal surfaces in molars and buccal surfaces in incisors) should 
generally be postponed. The reason for such delay in more invasive treatments is related to 
awaiting better conditions or when a child understands enough to cooperate with complex 
rehabilitation and treatment procedures [73].

MIH is just one of many tooth disorders that can be explored in dental anatomy courses. 
Developmental dental disorders may range from abnormalities in dental lamina demarca-
tion to tooth germ anomalies (numbers, size, and shape), to abnormalities in the growth of 
the dental hard tissues (structure). Restricted to the enamel, certain developmental defects 
may manifest in two major conditions: enamel hypoplasia or opacity. The etiologies for den-
tal anomalies vary substantially; they can be congenital or idiopathic, inherited or acquired 
[74]. A deeper understanding of dental anomalies is important because they can affect color, 
shape, and tooth structure. As a result, dental morphology can also be affected, which may 
increase the risk for dental caries [75] Taking all dental anomalies into account, most of them 
have clinical significance: as to esthetics, malocclusion, and to the more costly development 
of dental decay and oral diseases [76]. Further, most dental anomalies such as germination, 
fusion, and dens invaginatus lead to clinical problems, and thus remain relevant to investi-
gations regarding potential changes in dental morphology, potentially causing difficulties 
in speech and mastication, temporomandibular joint pain and/or dysfunction, malocclusion, 
periodontal problems and increased susceptibility to caries [74].

6. Conclusions

It is widely recognized that knowledge of dental anatomy is fundamental to any branch of 
dentistry. Dental anatomy is primarily concerned with the shape, morphology, and appear-
ance of teeth. Teaching dental anatomy comprises studies of crown contours, roots, and pulp 
chambers together in their relationships with other structures in the oral cavity [77–80]. Thus, 
dental anatomy is directly and easily linked to dental occlusion, forensic dentistry, and cariol-
ogy. Yet the link between dental morphology and cariology is seldom explored.
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There is constant concern to provide dental anatomy courses which are more relevant to clini-
cal practice. Dental caries are certainly an important topic linking these fields, and topics in 
cariology can easily be introduced during dental anatomy sessions. Problem-based learning 
(PBL) is likely a good pedagogical approach for attracting students with a more active and 
enthusiastic learning path.

There are many reasons to avoid conventional lecture-based courses in dental anatomy. When 
learning dental anatomy, clinical expertise is probably the main goal for most students, and 
dental caries when integrated together with dental morphology is certainly an intellectually 
stimulating topic.

Reviewing the influence of dental anatomy on the development dental caries and taking into 
account recent findings in Cariology is beneficial for dental clinicians and anatomists.
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Abstract

Anatomy is a basic knowledge that every clinician must have; however, its full manage­
ment is not always achieved and gaps remain in daily practice. The aim of this chapter 
is to emphasize the most relevant aspects of head and neck anatomy, specifically related 
to osteology and neurology for the application of regional anesthesia techniques. This 
chapter presents a clear and concise text, useful for both undergraduate and graduate 
students and for the dentist and maxillofacial surgeon. The most relevant aspects of the 
bone and sensory anatomy relevant for the realization of regional anesthetic techniques 
in the oral and maxillofacial area are reviewed, including complementary figures and 
tables. The anatomy related to the techniques directed to the three major branches of the 
trigeminal nerve (ophthalmic nerve, maxillary nerve, and to the branches of the man­
dibular nerve) will be approached separately.
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1. Introduction

Anatomy is a basic knowledge that every clinician must have; however, its full management is 
not always achieved and gaps remain in daily practice. Knowledge of the precise topography 
and distribution area of the trigeminal nerve and its branches is required to provide precise and 
useful anesthesia. Even more, during diverse types of surgery, it is very important to know the 
distribution area of the trigeminal nerve in order to predict the anesthetic area and avoid pain.

The aim of this chapter is to emphasize the most relevant aspects of head and neck anatomy, 
specifically related to osteology and neurology, for the application of regional anesthesia 
techniques.
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This text includes the most relevant aspects of the bone and sensory anatomy, relevant for the 
realization of regional anesthetic techniques in the oral and maxillofacial area.

2. General principles

The maxilla has fine external and porous corticals, with thickening in certain areas that gener­
ally do not reach thicknesses greater than 1 mm. This allows that anesthetic solution deposited 
through the buccal vestibules infiltrate into the maxillary bone, anesthetizing the maxillary 
teeth and their adjacent tissues (periodontium and gingival mucosa). However, the thickness 
of the palatal corticals is much greater, impeding the same infiltrative effect. This forces us 
to consider anesthetic block of the nerve trunks before they are introduced to the maxilla, for 
most effective anesthetic and of more extensive sectors.

For its part, the jaw usually has a greater thickening even of all its cortical, reaching easily the 
3 mm (basilar rim reaches thicknesses of up to 5 mm) [1]. These anatomical characteristics of 
the mandible should be considered to decide the anesthetic technique to be used, the latency 
time, and the required anesthetic concentration.

After the respective trigeminal branches are introduced into the maxilla and jaw and emit the 
branches that innervate the dental tissues, the terminal branches emerge into the skin and innervate 
the specific areas of the face, giving rise to the different trigeminal dermatomes [2] (see Figure 1).

Figure 1. The major sensory dermatomes of the head and neck. B, buccal nerve; EN, external (dorsal) nasal nerve; 
IO, infraorbital nerve; IT, infratrochlear; ST, supratrochlear nerve; M, mental nerve; SO, supraorbital nerve; Zf, zygo­
maticofacial nerve; ZT, zygomaticotemporal nerve. Adapted from: Simplified Facial Rejuvenation. 1st ed. Heidelberg: 
Springer; 2008.
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3. Ophthalmic division

The ophthalmic nerve (V1) is the smallest of the three divisions of the trigeminal nerve. The 
V1 branches into the frontal, nasociliary, and lacrimal nerves as it approaches the superior 
orbital fissure. It supplies branches to the cornea, ciliary body, and iris; to the lacrimal gland 
and conjunctiva; to the upper part of the mucous membrane of the nasal cavity; and to the 
skin of the eyelids, eyebrow, forehead, and upper lateral nose.

a. The frontal nerve is the largest division of the branches of the V1, courses outside and su­
perolateral, and divides into the supratrochlear and supraorbital nerves within the orbit. 
The supratrochlear nerve supplies the conjunctiva and the skin of the upper eyelid and 
ascends dividing into branches to supply the skin of the lower forehead near the mid­
line. The supraorbital nerve courses between the levator palpebrae muscle and orbital roof 
and exited the supraorbital notch or foramen; it innervates the upper eyelid, the mucous 
membrane of the frontal, the galea aponeurosis, and the orbicularis oculi. It ascends to the 
forehead, dividing into a smaller medial and a lateral branch, which supply the skin of the 
scalp nearly as far back as the lambdoid suture.

b. The nasociliary nerve is more deeply placed in the orbit. The sensory root from the naso­
ciliary nerve passes to the globe through the short ciliary nerves and conveys sensation to 
cornea and globe. At the level of the fissure, the nasociliary nerve gently ascends to reach 
the medial part of the orbit, where it gives rise to the anterior and posterior ethmoidal 
nerves and infratrochlear nerve. The anterior ethmoidal nerve gives off two branches, the 
internal nasal and external nasal nerves. The internal nasal nerve innervates the mucous 
membrane of the anterior part of the nasal septum and the lateral wall of the nasal cavity. 
The external nasal branch innervates the skin over the apex and the ala of nose. The pos­
terior ethmoidal nerve supplies the ethmoidal and sphenoidal sinuses. The infratrochlear 
nerve gives sensitive innervation to the skin of the eyelids and bridge of the nose, conjunc­
tiva, and also to the skin of the lacrimal sac and caruncle.

c. The lacrimal nerve is the smallest of the three division of the V1 and conveys sensation 
from the area in front of the lacrimal gland.

Anesthetic considerations:

• The anesthetic block of the first division of the trigeminal nerve is useful for the execution 
of procedures on the territories innervated by the terminal branches.

• The supraorbital, supratrochlear, and infratrochlear nerves can be easily anesthetized 
through the location of the supraorbital notch or foramen (see Figure 2).

• The supraorbital foramen is located 29 mm lateral to the midline (25–33 mm) and 5 mm 
below the upper margin of the supraorbital rim (range, 4–6 mm) [3]. This supraorbital 
notch is readily palpable in most patients and when injecting this area, it is prudent to use 
the free hand to palpate the orbital rim to prevent inadvertent injection into the globe. The 
supratrochlear nerve is located medial to the supraorbital nerve at the supraorbital rim 
and emerges between the trochlea and the supraorbital foramen located 16 mm lateral to 
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the midline (range, 12–21 mm) and 7 mm below the upper margin of the supraorbital rim 
(range, 6–9 mm) [3]. The infratrochlear nerve can be blocked injecting local anesthetic solu­
tion at the junction of the orbit and the nasal bones.

• The external nasal nerve emerges 5–10 mm from the nasal midline at the osseous junction 
of the inferior portion of the nasal bones (the distal edge of the nasal bones) and can be 
blocked subcutaneously at the osseous­cartilaginous junction of the distal nasal bones (see 
Figure 3).

Figure 2. Points to anesthetic block of the supraorbital and supratrochlear nerves. Adapted from: Simplified Facial 
Rejuvenation. 1st ed. Heidelberg: Springer; 2008.
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4. Maxillary division

The maxillary nerve (V2), the intermediate division of the trigeminal nerve, is purely sensory 
in function. The V2 gives innervation to all structures in and around the maxillary bone and 
the mid­facial region, including the skin of the mid­facial regions, the lower eyelid, side of the 
nose, and upper lip; nasopharyngeal mucosa, maxillary sinus, soft and hard palate, palatine 
tonsil, maxillary teeth, and periodontal tissues [3].

The maxillary nerve leaves the endocranium through the foramen rotundum, located in the 
greater wing of the sphenoid bone, to enter the pterygopalatine fossa (PPF).

The PPF is a pyramidal space located between the pterygoid bone posteriorly, the 
 perpendicular plate of the palatine bone anteromedially, and maxilla anterolaterally. It opens 

Figure 3. Anesthetic block of external nasal branches.
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 laterally into the medial part of the infratemporal fossa through the pterygomaxillary fissure 
and superiorly through the medial part of the inferior orbital fissure into the orbital apex. 
The fossa also communicates posterolaterally with middle cranial fossa through the fora­
men rotundum, posteromedially with foramen lacerum through the vidian canal, medially 
with the nasopharynx through the palatovaginal canal, inferomedially with the oral cavity 
through the palatine foramina, and medially with nasal cavity through the sphenopalatine 
foramen.

The V2, after entering the PPF, gives off ganglionic branches to the pterygopalatine ganglion 
(PPG). It then deviates laterally just beneath the inferior orbital fissure, giving rise to the zygo­
matic nerve and posterosuperior alveolar nerve.

Anesthetic considerations:

• The zygomatic nerve enters the orbit through the inferior orbital fissure, where it divides 
into zygomaticotemporal and zygomaticofacial nerves. These nerves give innervation 
to the skin on the temporal area and on the prominence of the cheek, respectively (see 
Figure 1).

• The zygomaticofacial nerve is blocked by injecting the inferior lateral portion of the orbital 
rim, and the zygomaticotemporal nerve is blocked by placing the needle on the concave 
surface of the posterior lateral orbital rim (see Figure 4).

In the posterior aspect of the maxillary tuberosity, one to three small holes, 1–2 mm in diam­
eter, can be clearly seen, which are located between 10 and 25 mm above the alveolar rim and 
behind the second or at the height of the third upper molar. These holes are continued with 
small ducts or grooves that run through the posterolateral wall of the maxillary sinus until 
reaching the dental apices. It contains the posterosuperior alveolar vessels and nerves; it is 
destined to the superior molars, premolars, and neighboring tissues.

The posterior superior alveolar nerve arises from the maxillary nerve before penetrating into 
the infraorbital canal in the PPF and descends anteriorly and inferiorly to pierce the infra­
temporal surface of the maxillary sinus (see Figure 5). After entering the maxillary sinus, the 
nerves pass forward under the mucosa of the maxillary sinus, supplying afferent innervation 
to these membranes. It also supplies a branch to the upper gum and the adjoining part of the 
cheek [3].

The middle superior alveolar nerve leaves the infraorbital nerve (ION) in the infraorbital groove, 
the posterior part of the infraorbital canal. It runs down and forward in the lateral wall of the 
maxillary sinus and ends in small branches which link up with the superior dental plexus, sup­
plying small rami to the upper premolar teeth [4] and first molar (Table 1).

The pterygopalatine ganglion gives rise to: from the lower surface the greater and lesser pala­
tine nerves; from the medial surface the sphenopalatine nerve and pharyngeal branch; and 
from the superior surface the orbital branch.

The palatine nerves are distributed over much of the roof of the mouth, the soft palate, the 
amygdala, and the nasal mucosa. The major palatine nerve descends through the greater pala­
tine canal, which begins at the lower end of the PPF, it passes through this duct, and inside, it 
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Figure 4. Image showing the needle directions for block technique of (A) zygomaticofacial nerve and (B) 
zygomaticotemporal nerve (copyright of authors).

Figure 5. Image showing the posterior superior alveolar nerve anatomy entering at maxillary bone, true 3–4 holes in the 
tuberosity (copyright of authors).

Anatomy Applied to Block Anesthesia for Maxillofacial Surgery
http://dx.doi.org/10.5772/intechopen.69545

93



 laterally into the medial part of the infratemporal fossa through the pterygomaxillary fissure 
and superiorly through the medial part of the inferior orbital fissure into the orbital apex. 
The fossa also communicates posterolaterally with middle cranial fossa through the fora­
men rotundum, posteromedially with foramen lacerum through the vidian canal, medially 
with the nasopharynx through the palatovaginal canal, inferomedially with the oral cavity 
through the palatine foramina, and medially with nasal cavity through the sphenopalatine 
foramen.

The V2, after entering the PPF, gives off ganglionic branches to the pterygopalatine ganglion 
(PPG). It then deviates laterally just beneath the inferior orbital fissure, giving rise to the zygo­
matic nerve and posterosuperior alveolar nerve.

Anesthetic considerations:

• The zygomatic nerve enters the orbit through the inferior orbital fissure, where it divides 
into zygomaticotemporal and zygomaticofacial nerves. These nerves give innervation 
to the skin on the temporal area and on the prominence of the cheek, respectively (see 
Figure 1).

• The zygomaticofacial nerve is blocked by injecting the inferior lateral portion of the orbital 
rim, and the zygomaticotemporal nerve is blocked by placing the needle on the concave 
surface of the posterior lateral orbital rim (see Figure 4).

In the posterior aspect of the maxillary tuberosity, one to three small holes, 1–2 mm in diam­
eter, can be clearly seen, which are located between 10 and 25 mm above the alveolar rim and 
behind the second or at the height of the third upper molar. These holes are continued with 
small ducts or grooves that run through the posterolateral wall of the maxillary sinus until 
reaching the dental apices. It contains the posterosuperior alveolar vessels and nerves; it is 
destined to the superior molars, premolars, and neighboring tissues.

The posterior superior alveolar nerve arises from the maxillary nerve before penetrating into 
the infraorbital canal in the PPF and descends anteriorly and inferiorly to pierce the infra­
temporal surface of the maxillary sinus (see Figure 5). After entering the maxillary sinus, the 
nerves pass forward under the mucosa of the maxillary sinus, supplying afferent innervation 
to these membranes. It also supplies a branch to the upper gum and the adjoining part of the 
cheek [3].

The middle superior alveolar nerve leaves the infraorbital nerve (ION) in the infraorbital groove, 
the posterior part of the infraorbital canal. It runs down and forward in the lateral wall of the 
maxillary sinus and ends in small branches which link up with the superior dental plexus, sup­
plying small rami to the upper premolar teeth [4] and first molar (Table 1).

The pterygopalatine ganglion gives rise to: from the lower surface the greater and lesser pala­
tine nerves; from the medial surface the sphenopalatine nerve and pharyngeal branch; and 
from the superior surface the orbital branch.

The palatine nerves are distributed over much of the roof of the mouth, the soft palate, the 
amygdala, and the nasal mucosa. The major palatine nerve descends through the greater pala­
tine canal, which begins at the lower end of the PPF, it passes through this duct, and inside, it 

Dental Anatomy92

Figure 4. Image showing the needle directions for block technique of (A) zygomaticofacial nerve and (B) 
zygomaticotemporal nerve (copyright of authors).

Figure 5. Image showing the posterior superior alveolar nerve anatomy entering at maxillary bone, true 3–4 holes in the 
tuberosity (copyright of authors).

Anatomy Applied to Block Anesthesia for Maxillofacial Surgery
http://dx.doi.org/10.5772/intechopen.69545

93



runs down, forward, and inward, and appears in the mouth through the major palatine foramen  
of the maxillary. It communicates with the filaments of the nasopalatine nerve, a branch of the 
sphenopalatine nerve [3].

The lesser palatine nerves, after leaving the PPF, descend and appear in the mouth through 
a lesser palatine foramen in the palatine bone and give branches to the uvula, tonsil, and soft 
palate. These nerves anastomose with branches of the glossopharyngeal nerve to form a ton­
sillar plexus around the palatine tonsil [3].

The nasopalatine nerve, the largest of the nasal branches of the PPG, travels through the sphe­
nopalatine foramen, located just below the sphenoid sinus, enters into the nasal cavity and 
reaches the nasal septum. It then runs anteroinferiorly between the periosteum and mucous 
membrane of the nasal septum, supplies a few filaments to the nasal septum, exits the nasal 

Anesthetized nerves • Posterior superior alveolar nerve (local anesthetic reaches the nerve 
at its one to three entry holes in the posterior aspect of the maxillary 
tuberosity)

Anesthetized areas • Pulp of the superior molar dental pieces (excepting the mesiobuccal root 
of the maxillary first molar, which can be innerved by superior middle 
alveolar nerve or by the Auerbach plexus)

• Vestibular gingival mucosa and periodontium of the abovementioned 
dental pieces

• Vestibular layer of the alveolar ridge

Anatomical references • 2 cm cephalic to the alveolar ridge

• 2 cm ventral to the maxillary tuberosity

Patient/operator position • Maxillary occlusal plane positioned perpendicularly to the floor

• Operator positioned from 9 to 10 o’clock

Local anesthetic volume required 1.8 mL

Needle required • Short or long needle, 25 G

Needle direction • From caudal to cephalic in 45°

• From lateral to medial

• From ventral to dorsal, without loss contact with tuberosity bone

Needle puncture depth 15 mm

Table 1. Posterior superior alveolar nerve block technique.
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cavity through the incisive foramen, and ends by supplying the mucosa of the anterior part of 
the hard palate [3] (see Figure 6).

Other nasal branches include medial and lateral posterior superior nasal nerves. The lateral 
posterior superior nasal branches innervate the mucosa of the posterior part of the supe­
rior and middle nasal conchae and the lining of the posterior ethmoidal sinuses. The medial 
 posterior superior nasal branches supply the mucosa of the posterior part of the roof and of 
the nasal septum.

The anterior palatine canal, also called nasopalatine, presents a Y­shape and is formed by 
the union of two lateral canals excavated in the palatine apophyses of the jaws, one to each 
side of the nasal septum, in the anterior area of the nasal floor, where they converge in one. 
With a top­down and back­to­front direction, its total length varies between 8 and 20 mm. Its 
mouth end in the palate is made through a depression or fovea, the anterior palatine foramen 
or incisor foramen, which may have an oval, triangular, rectangular, or racket shape, with a 
major axis of approximately 1 cm and a width of 5 mm. While the nasal holes that initiate this 
duct are located approximately 15–20 mm behind the piriform notch, the incisive foramen 
is located between 4 and 10 mm behind the alveolar ridge, under a thickening of the palatal 
mucosa, called the incisive papilla (Table 2).

The palatine canal, which leads to the descending palatine artery, a venous vessel and the 
major palatine nerve, it is an access route to the pterygomaxillary fossa from the oral cavity. 
The maxillary nerve block via the greater palatine canal technique will anesthetize all the 
terminal branches of the maxillary nerve with a single injection.

Figure 6. Image showing the palatal mucosal area innervated by nasopalatine nerve (copyright of authors).
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runs down, forward, and inward, and appears in the mouth through the major palatine foramen  
of the maxillary. It communicates with the filaments of the nasopalatine nerve, a branch of the 
sphenopalatine nerve [3].

The lesser palatine nerves, after leaving the PPF, descend and appear in the mouth through 
a lesser palatine foramen in the palatine bone and give branches to the uvula, tonsil, and soft 
palate. These nerves anastomose with branches of the glossopharyngeal nerve to form a ton­
sillar plexus around the palatine tonsil [3].

The nasopalatine nerve, the largest of the nasal branches of the PPG, travels through the sphe­
nopalatine foramen, located just below the sphenoid sinus, enters into the nasal cavity and 
reaches the nasal septum. It then runs anteroinferiorly between the periosteum and mucous 
membrane of the nasal septum, supplies a few filaments to the nasal septum, exits the nasal 

Anesthetized nerves • Posterior superior alveolar nerve (local anesthetic reaches the nerve 
at its one to three entry holes in the posterior aspect of the maxillary 
tuberosity)

Anesthetized areas • Pulp of the superior molar dental pieces (excepting the mesiobuccal root 
of the maxillary first molar, which can be innerved by superior middle 
alveolar nerve or by the Auerbach plexus)

• Vestibular gingival mucosa and periodontium of the abovementioned 
dental pieces

• Vestibular layer of the alveolar ridge

Anatomical references • 2 cm cephalic to the alveolar ridge

• 2 cm ventral to the maxillary tuberosity

Patient/operator position • Maxillary occlusal plane positioned perpendicularly to the floor

• Operator positioned from 9 to 10 o’clock

Local anesthetic volume required 1.8 mL

Needle required • Short or long needle, 25 G

Needle direction • From caudal to cephalic in 45°

• From lateral to medial

• From ventral to dorsal, without loss contact with tuberosity bone

Needle puncture depth 15 mm

Table 1. Posterior superior alveolar nerve block technique.
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cavity through the incisive foramen, and ends by supplying the mucosa of the anterior part of 
the hard palate [3] (see Figure 6).

Other nasal branches include medial and lateral posterior superior nasal nerves. The lateral 
posterior superior nasal branches innervate the mucosa of the posterior part of the supe­
rior and middle nasal conchae and the lining of the posterior ethmoidal sinuses. The medial 
 posterior superior nasal branches supply the mucosa of the posterior part of the roof and of 
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major axis of approximately 1 cm and a width of 5 mm. While the nasal holes that initiate this 
duct are located approximately 15–20 mm behind the piriform notch, the incisive foramen 
is located between 4 and 10 mm behind the alveolar ridge, under a thickening of the palatal 
mucosa, called the incisive papilla (Table 2).

The palatine canal, which leads to the descending palatine artery, a venous vessel and the 
major palatine nerve, it is an access route to the pterygomaxillary fossa from the oral cavity. 
The maxillary nerve block via the greater palatine canal technique will anesthetize all the 
terminal branches of the maxillary nerve with a single injection.

Figure 6. Image showing the palatal mucosal area innervated by nasopalatine nerve (copyright of authors).
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The greater palatine canal is formed by the union of two excavated channels, one in the 
maxilla and another in the vertical sheet of the palatal bone. From the palate, its direction is 
 outward, backward, and upright (inclinations of 5–10°, 15–20°, and 60–70°, respectively), with 
a length varying between 10 and 22 mm, depending on the facial biotype.

The greater palatine canal emerges onto the oral cavity trough the greater palatine foramen. 
This foramen has an oval shape, with a larger diameter that can easily reach 5 mm. It is located 
in the angle that forms the horizontal portion of the palatine bone and the inner side of the 
maxillary alveolar ridge. In the soft tissues that cover it, a mild depression is observed, and this 
is an important aspect that can help in the appropriate location of the foramen for anesthetic  
purposes. Its posterior border lies approximately 1 cm in front of the hook of the pterygoid 
process and 5–6 mm in front of the border between hard and soft palate, which translates 
clinically as a change in the coloration of the palatal mucosa. The location of the palatine fora­
men in relation to the molars varies with age and individual characteristics, being able to be 
in front or distal to the third molar or—less frequently—between this and the second molar 
[4]; in young individuals who do not yet have the third molar, it is located in front of the distal 
side of the second; and in children less than 12 years old, it is usually in front of the distal face 
of the first molar (Table 3).

After entering the PPF, the V2 then turns medially as the infraorbital nerve (ION), passing 
through the inferior orbital fissure to enter the infraorbital groove, from where the anterior 

Anesthetized nerves • Nasopalatine nerve bilaterally (both side nerves confluence in the midline 
forming the incisive papilla)

Anesthetized areas • Palatine mucosa from canine to canine

• Underlying hard tissues (mucoperiosteum)

Anatomical references • Incisal papilla, located in the midline 5 mm posterior to the inter­incisal 
space between superior central incisors

Patient/operator position • Maxillary occlusal plane positioned perpendicularly to the floor

• Operator positioned from 9 to 10 o’clock

Local anesthetic volume required 0.5 mL

Needle required • Short needle, 25 G

Needle direction • From caudal to cephalic in 75°

• Ventral to dorsal

Needle puncture depth 10 mm

Table 2. Nasopalatine nerve block technique.
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and middle superior alveolar nerves arise. The long axis of the infraorbital canal is directed 
forward, down, and medially through its canal lying progressively below the floor of the 
orbit and in the roof of the maxillary sinus, until it emerges in the face through the infraor­
bital foramen.

The anterior superior alveolar nerve leaves the lateral side of the ION just prior to the infra­
orbital exit through the foramen. It traverses the canal in the anterior wall of maxillary sinus 
and divides into branches supplying incisor and canine teeth. In the absence of middle supe­
rior alveolar nerves, which happens in approximately 70% of cases [4], the anterior superior 

Anesthetized nerves • Maxillary division of the trigeminal nerve and all of its branches (local 
anesthetic reaches the maxillary nerve at the pterygopalatine fossa)

Anesthetized areas • Pulp of dental pieces of the ipsilateral hemimaxilla

• Periodontium and alveolar bone related to the abovementioned dental 
pieces

• Palatine mucosa of the ipsilateral hemimaxilla

• Skin of the ipsilateral lower eyelid, lateral wall of the nasal pyramid, cheek, 
and superior lip without crossing the midline

Anatomical references • 10 mm medial to the distal surface of the second molar

• Alternatively, 15 mm lateral to the palate midline can be used as reference 
(useful in the edentulous patient, where dental references are lost)

• 3.5 mm anterior to the limit between soft palate and hard palate

Patient/Operator position • Cervical hyperextension, maxillary occlusal plane positioned perpendicu­
larly to the floor

• Maximum mouth opening

• Operator positioned from 9 to 10 o’clock

Local anesthetic volume required 1.8 mL

Needle required • Long needle, 25 G

Needle direction • From caudal to cephalic

• From ventral to dorsal

• From medial to lateral

Needle puncture depth 30–35 mm

Table 3. Maxillary nerve block technique via the greater palatine canal.
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The greater palatine canal is formed by the union of two excavated channels, one in the 
maxilla and another in the vertical sheet of the palatal bone. From the palate, its direction is 
 outward, backward, and upright (inclinations of 5–10°, 15–20°, and 60–70°, respectively), with 
a length varying between 10 and 22 mm, depending on the facial biotype.

The greater palatine canal emerges onto the oral cavity trough the greater palatine foramen. 
This foramen has an oval shape, with a larger diameter that can easily reach 5 mm. It is located 
in the angle that forms the horizontal portion of the palatine bone and the inner side of the 
maxillary alveolar ridge. In the soft tissues that cover it, a mild depression is observed, and this 
is an important aspect that can help in the appropriate location of the foramen for anesthetic  
purposes. Its posterior border lies approximately 1 cm in front of the hook of the pterygoid 
process and 5–6 mm in front of the border between hard and soft palate, which translates 
clinically as a change in the coloration of the palatal mucosa. The location of the palatine fora­
men in relation to the molars varies with age and individual characteristics, being able to be 
in front or distal to the third molar or—less frequently—between this and the second molar 
[4]; in young individuals who do not yet have the third molar, it is located in front of the distal 
side of the second; and in children less than 12 years old, it is usually in front of the distal face 
of the first molar (Table 3).

After entering the PPF, the V2 then turns medially as the infraorbital nerve (ION), passing 
through the inferior orbital fissure to enter the infraorbital groove, from where the anterior 

Anesthetized nerves • Nasopalatine nerve bilaterally (both side nerves confluence in the midline 
forming the incisive papilla)

Anesthetized areas • Palatine mucosa from canine to canine

• Underlying hard tissues (mucoperiosteum)

Anatomical references • Incisal papilla, located in the midline 5 mm posterior to the inter­incisal 
space between superior central incisors

Patient/operator position • Maxillary occlusal plane positioned perpendicularly to the floor

• Operator positioned from 9 to 10 o’clock

Local anesthetic volume required 0.5 mL

Needle required • Short needle, 25 G

Needle direction • From caudal to cephalic in 75°

• Ventral to dorsal

Needle puncture depth 10 mm

Table 2. Nasopalatine nerve block technique.
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and middle superior alveolar nerves arise. The long axis of the infraorbital canal is directed 
forward, down, and medially through its canal lying progressively below the floor of the 
orbit and in the roof of the maxillary sinus, until it emerges in the face through the infraor­
bital foramen.

The anterior superior alveolar nerve leaves the lateral side of the ION just prior to the infra­
orbital exit through the foramen. It traverses the canal in the anterior wall of maxillary sinus 
and divides into branches supplying incisor and canine teeth. In the absence of middle supe­
rior alveolar nerves, which happens in approximately 70% of cases [4], the anterior superior 

Anesthetized nerves • Maxillary division of the trigeminal nerve and all of its branches (local 
anesthetic reaches the maxillary nerve at the pterygopalatine fossa)

Anesthetized areas • Pulp of dental pieces of the ipsilateral hemimaxilla

• Periodontium and alveolar bone related to the abovementioned dental 
pieces

• Palatine mucosa of the ipsilateral hemimaxilla

• Skin of the ipsilateral lower eyelid, lateral wall of the nasal pyramid, cheek, 
and superior lip without crossing the midline

Anatomical references • 10 mm medial to the distal surface of the second molar

• Alternatively, 15 mm lateral to the palate midline can be used as reference 
(useful in the edentulous patient, where dental references are lost)

• 3.5 mm anterior to the limit between soft palate and hard palate

Patient/Operator position • Cervical hyperextension, maxillary occlusal plane positioned perpendicu­
larly to the floor

• Maximum mouth opening

• Operator positioned from 9 to 10 o’clock

Local anesthetic volume required 1.8 mL

Needle required • Long needle, 25 G

Needle direction • From caudal to cephalic

• From ventral to dorsal

• From medial to lateral

Needle puncture depth 30–35 mm

Table 3. Maxillary nerve block technique via the greater palatine canal.
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alveolar nerve emits a few posterior branches, which join with branches of the posterior supe­
rior alveolar nerve to form a nervous plexus also called the Auerbach dental plexus, which is 
distributed through the lateral wall of the maxillary sinus and innervates the premolars and 
the mesiobuccal root of the first molar [1] (see Figure 7).

The infraorbital nerve (ION) is the terminal branch of the maxillary nerve, and after emerg­
ing onto the face, it divides onto its terminal branches: inferior palpebral, nasal, and superior 
labial branches [5], which supply the skin and conjunctiva of the lower eyelid, the lateral skin 
of the nose, the movable part of the nasal septum and vestibule of the nose, the skin over the 
cheek and upper lip, and the related oral mucosa [5].

The infraorbital notch or foramen is the facial or anterior opening of the infraorbital 
canal. In a generally oval shape, its major axis is oblique downward and outward, with a 
 maximum length of 6 mm. Due to the final orientation of the infraorbital canal, the foramen 
has a superior cutting edge, which is notorious, whereas its lower border is imperceptible, 
being confused with the anterior aspect of the maxilla, which at this point forms the canine 
fossa.

The infraorbital foramen is single in 90–97% of the cases [4]. Several authors have also 
described the presence of an accessory infraorbital foramen through which a branch of the 
ION passes. A recent systematic review showed that the frequency of skulls containing the 

Figure 7. Image showing the anatomical alternative with Auerbach’s plexus (circle) (copyright of authors).
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accessory infraorbital foramen ranged from 0.8 to 27.3%, with a mean frequency of 16.9 ± 
8.6%, being more frequent in left side of the skull [6]. This is important because a partial nerve 
blockade during anesthesia can lead to an insufficient blockage of the ION.

In a study by Hu et al. [5], the accessory infraorbital foramen was found in 14% of the cases, 
and the nerve component that exited through the accessory infraorbital foramen was either 
the inferior palpebral branch, or the external nasal branch.

The topography of both the canal and the infraorbital foramen is of special importance in 
the practice of anesthesia of the anterior superior alveolar nerves and the infraorbital nerve 
branches.

To properly locate the infraorbital foramen, we must consider that it is normally located 
within 1 cm of the inferior border of the orbital rim [3, 7].

In the lateral sense, it is located at the junction of the inner third and the middle third of the 
infraorbital rim. It also corresponds to an imaginary vertical line drawn downward from the 
supraorbital notch, joining the infraorbital and mental foramen.

A successful infraorbital nerve block will anesthetize the infraorbital cheek, the lower palpe­
bral area, the lateral nasal area, and superior labial regions (see Figure 8).

The aforementioned infraorbital nerve blocks provide anesthesia to the lateral nasal skin but 
do not provide anesthesia to the central portion of the nose. An external nasal nerve of the 
block will supplement nasal anesthesia by providing anesthesia over the area of the cartilagi­
nous nasal dorsum and tip (Table 4).

Figure 8. Image showing area innerved by infraorbital nerve (copyright of authors).
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accessory infraorbital foramen ranged from 0.8 to 27.3%, with a mean frequency of 16.9 ± 
8.6%, being more frequent in left side of the skull [6]. This is important because a partial nerve 
blockade during anesthesia can lead to an insufficient blockage of the ION.

In a study by Hu et al. [5], the accessory infraorbital foramen was found in 14% of the cases, 
and the nerve component that exited through the accessory infraorbital foramen was either 
the inferior palpebral branch, or the external nasal branch.

The topography of both the canal and the infraorbital foramen is of special importance in 
the practice of anesthesia of the anterior superior alveolar nerves and the infraorbital nerve 
branches.

To properly locate the infraorbital foramen, we must consider that it is normally located 
within 1 cm of the inferior border of the orbital rim [3, 7].

In the lateral sense, it is located at the junction of the inner third and the middle third of the 
infraorbital rim. It also corresponds to an imaginary vertical line drawn downward from the 
supraorbital notch, joining the infraorbital and mental foramen.

A successful infraorbital nerve block will anesthetize the infraorbital cheek, the lower palpe­
bral area, the lateral nasal area, and superior labial regions (see Figure 8).

The aforementioned infraorbital nerve blocks provide anesthesia to the lateral nasal skin but 
do not provide anesthesia to the central portion of the nose. An external nasal nerve of the 
block will supplement nasal anesthesia by providing anesthesia over the area of the cartilagi­
nous nasal dorsum and tip (Table 4).
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5. Mandibular division

The mandibular division (V3) is the largest branch of the trigeminal nerve. It supplies the 
teeth and gums of the mandible, the skin in the temporal region, part of the auricle, the lower 
lip, and the lower part of the face. The V3 also contains motor fiber to innervate the muscle of 
mastication, the mylohyoid, the anterior belly of the digastric muscle, tensor veli palatini, and 
tensor tympani muscle [1].

The V3 is made up of two roots: a large, sensory root, which proceeds from the lateral part of 
the trigeminal ganglion and emerges almost immediately through the foramen ovale of the 
sphenoid bone and a small motor root that passes below the trigeminal ganglion and unites 

Anesthetized nerves • Anterior superior alveolar nerve

• Middle superior alveolar nerve

• Infraorbital nerve and its branches:

• Inferior palpebral nerve

• Lateral nasal nerve

• Superior labial nerve

Anesthetized areas • Pulp of dental pieces including from central incisors to second premolars

• Gingival mucosa vestibular to the abovementioned dental pieces

• Wing of the nose skin

• Inferior eyelid

• Ipsilateral superior lip

Anatomical references • Union of internal third and lateral two­thirds of the inferior orbital rim

• Intraoral technique: bottom of the oral vestibule in relation with the ipsilateral 
first premolar

Patient/operator position • Maxillary occlusal plane positioned perpendicularly to the floor

• Operator positioned from 9 to 10 o’clock

Local anesthetic volume required 0.9–1.2 mL

Needle required • Long needle, 25 G for intra­oral technique

• Short needle, 25 G for extra­oral technique

Needle direction • From ventral to dorsal

• From medial to lateral

• From caudal to cephalic

Needle puncture depth 16 mm for intraoral technique

Table 4. Infraorbital nerve block technique.
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with the sensory root just outside the foramen ovale. This trunk it later splits into a small 
anterior and a large posterior division.

Branches from the anterior division provide motor innervation to the muscles of mastication, 
and sensory innervation to the mucous membrane of the cheek and buccal mucous membrane 
of the molars.

The anterior division of V3 runs under the lateral pterygoid and then emerges between its two 
heads to become de buccal nerve, the only sensory component of the anterior division. Under 
the lateral pterygoid, this nerve gives off several motor branches; the deep temporal nerves, 
the masseter, and lateral pterygoid nerves.

At the level of the occlusal plane of the mandibular molars, the buccal nerve crosses in front 
of the anterior border of the ramus and enters the cheek through the buccinator muscle. It 
gives innervation to the skin of the cheek, the buccal gingiva of the mandibular molars, and 
the mucobuccal fold in that region [1].

The posterior division of V3 gives rise to sensory branches and one motor branch. It descends 
downward and medially to the lateral pterygoid muscle, at which points it branches into the 
auriculotemporal, lingual, and inferior alveolar nerves.

The auriculotemporal nerve provides sensitive innervation to the skin over the helix and tra­
gus of the ear, the external auditory meatus, the posterior portion of the temporomandibular 
joint, and the skin over the temporal region.

The lingual nerve provides general sensation to the anterior two­thirds of the tongue and sen­
sory innervation to the mucous membranes of the floor of the mouth and the lingual gingiva 
of the mandible.

The inferior alveolar nerve descends medial to the lateral pterygoid muscle and lateropos­
terior to the lingual nerve, to the region between the sphenomandibular ligament and the 
medial surface of the mandibular ramus, where it is introduced into the mandibular canal at 
the level of the mandibular foramen. Immediately before the inferior alveolar nerve enters 
the mandibular foramen gives off a motor branch, the mylohyoid nerve, which supplies the 
mylohyoid muscle and anterior belly of the digastric muscle. Nevertheless, some fibers of 
the mylohyoid nerve could enter into mandibula through the retromandibular foramina and 
provide innervation to premolar, canine, and incisor teeth [4, 8].

The inferior alveolar nerve travels anteriorly through the mandibular canal and gives off 
branches to the teeth, which may form a plexus between the trunk of the nerve and the roots 
of the teeth. The dental branches of the inferior alveolar nerve supply the molar, premolar, 
canine, and incisors teeth. The inferior alveolar nerve emerges in the mental foramen where it 
divides into the terminal branches: the incisive and mental nerve.

The mental nerve, pure sensory, leaves the interior of the mandible to supply the skin of the 
chin and lower lip, the mucosa of the lip, and the adjacent gum.

A continuation of the mandibular canal, the mandibular incisive canal, is a normal struc­
ture that typically extends closer to the mandibular midline after the mental nerve emerges 
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5. Mandibular division

The mandibular division (V3) is the largest branch of the trigeminal nerve. It supplies the 
teeth and gums of the mandible, the skin in the temporal region, part of the auricle, the lower 
lip, and the lower part of the face. The V3 also contains motor fiber to innervate the muscle of 
mastication, the mylohyoid, the anterior belly of the digastric muscle, tensor veli palatini, and 
tensor tympani muscle [1].

The V3 is made up of two roots: a large, sensory root, which proceeds from the lateral part of 
the trigeminal ganglion and emerges almost immediately through the foramen ovale of the 
sphenoid bone and a small motor root that passes below the trigeminal ganglion and unites 
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• Inferior palpebral nerve
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• Superior labial nerve

Anesthetized areas • Pulp of dental pieces including from central incisors to second premolars

• Gingival mucosa vestibular to the abovementioned dental pieces

• Wing of the nose skin

• Inferior eyelid

• Ipsilateral superior lip

Anatomical references • Union of internal third and lateral two­thirds of the inferior orbital rim

• Intraoral technique: bottom of the oral vestibule in relation with the ipsilateral 
first premolar

Patient/operator position • Maxillary occlusal plane positioned perpendicularly to the floor

• Operator positioned from 9 to 10 o’clock

Local anesthetic volume required 0.9–1.2 mL

Needle required • Long needle, 25 G for intra­oral technique

• Short needle, 25 G for extra­oral technique

Needle direction • From ventral to dorsal

• From medial to lateral

• From caudal to cephalic

Needle puncture depth 16 mm for intraoral technique

Table 4. Infraorbital nerve block technique.
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with the sensory root just outside the foramen ovale. This trunk it later splits into a small 
anterior and a large posterior division.

Branches from the anterior division provide motor innervation to the muscles of mastication, 
and sensory innervation to the mucous membrane of the cheek and buccal mucous membrane 
of the molars.

The anterior division of V3 runs under the lateral pterygoid and then emerges between its two 
heads to become de buccal nerve, the only sensory component of the anterior division. Under 
the lateral pterygoid, this nerve gives off several motor branches; the deep temporal nerves, 
the masseter, and lateral pterygoid nerves.

At the level of the occlusal plane of the mandibular molars, the buccal nerve crosses in front 
of the anterior border of the ramus and enters the cheek through the buccinator muscle. It 
gives innervation to the skin of the cheek, the buccal gingiva of the mandibular molars, and 
the mucobuccal fold in that region [1].

The posterior division of V3 gives rise to sensory branches and one motor branch. It descends 
downward and medially to the lateral pterygoid muscle, at which points it branches into the 
auriculotemporal, lingual, and inferior alveolar nerves.

The auriculotemporal nerve provides sensitive innervation to the skin over the helix and tra­
gus of the ear, the external auditory meatus, the posterior portion of the temporomandibular 
joint, and the skin over the temporal region.

The lingual nerve provides general sensation to the anterior two­thirds of the tongue and sen­
sory innervation to the mucous membranes of the floor of the mouth and the lingual gingiva 
of the mandible.

The inferior alveolar nerve descends medial to the lateral pterygoid muscle and lateropos­
terior to the lingual nerve, to the region between the sphenomandibular ligament and the 
medial surface of the mandibular ramus, where it is introduced into the mandibular canal at 
the level of the mandibular foramen. Immediately before the inferior alveolar nerve enters 
the mandibular foramen gives off a motor branch, the mylohyoid nerve, which supplies the 
mylohyoid muscle and anterior belly of the digastric muscle. Nevertheless, some fibers of 
the mylohyoid nerve could enter into mandibula through the retromandibular foramina and 
provide innervation to premolar, canine, and incisor teeth [4, 8].

The inferior alveolar nerve travels anteriorly through the mandibular canal and gives off 
branches to the teeth, which may form a plexus between the trunk of the nerve and the roots 
of the teeth. The dental branches of the inferior alveolar nerve supply the molar, premolar, 
canine, and incisors teeth. The inferior alveolar nerve emerges in the mental foramen where it 
divides into the terminal branches: the incisive and mental nerve.

The mental nerve, pure sensory, leaves the interior of the mandible to supply the skin of the 
chin and lower lip, the mucosa of the lip, and the adjacent gum.

A continuation of the mandibular canal, the mandibular incisive canal, is a normal struc­
ture that typically extends closer to the mandibular midline after the mental nerve emerges 

Anatomy Applied to Block Anesthesia for Maxillofacial Surgery
http://dx.doi.org/10.5772/intechopen.69545

101



through the mandibular foramen [9, 10]. The mandibular incisive nerve travels within this 
canal and forms a nerve plexus via dental branches to supply innervation to first bicuspid, 
canine, and lateral and central incisors.

Given that the mandibular bone is very thick, an anesthetic technique with successful nerve 
block of the V3 branches requires knowledge of the location of the mandibular bone repairs 
that allows the deposition of the anesthetic in areas close to the nerve trunks before they enter 
or after they leave the mandibular canal.

The mandibular foramen is located in the medial surface of the mandibular ramus and 
is the entrance to the mandibular canal, excavated in the thickness of the mandible. This 
foramen acquires relevance in oral surgery since it is a critical point for the nerve block 
anesthesia of the inferior alveolar nerve. It has the appearance of a wide cleft, limited from 
the anterior side by a bony plate called the lingula of the mandible or spine of spix [8] (see 
Figure 9).

The lingula can be palpated through the mucosa of the oral cavity. It shows the way, where 
one should point the needle, when anesthetizing the inferior alveolar nerve [8].

Figure 9. Image showing distribution of buccal, lingual, and inferior alveolar nerves at mandibular lingula or spine of 
spix level (arrow) (copyright of authors).
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The location of the inferior alveolar foramen would be equidistant from the four edges of the 
mandibular ramus, although it is usually observed closer to the mandibular notch and to the 
posterior edge of the mandibular ramus [8]. In the vertical direction, the distance between 
the hole and the occlusal plane is correlated with the patient’s age: as the individual grows, 
the mandibular foramen moves cranially and positions itself in the center of the corpus [8]. 
In very young individuals, the mandibular foramen is located approximately at the level of 
the occlusal plane [11].

In the mentioned foramen, the nerve lies anteriorly and medially to the inferior alveolar 
artery. Such a configuration occurs in 60% of the cases. In 20%, the nerve is located laterally, 
and in 10%, posteriorly to the artery. In 10%, the nerve is placed independently to the artery 
[8] (Table 5).

Anesthetized nerves • Inferior alveolar nerve (local anesthetic reaches the nerve at its entry to the 
mandibular canal through the inferior alveolar foramen, in the medial sur­
face of the mandibular ramus)

• Buccal nerve

• Lingual nerve

Anesthetized areas • Pulp of the dental pieces of the ipsilateral hemimandible

• Vestibular and lingual mucoperiosteum of the ipsilateral hemimandible

• Anterior two­thirds of the tongue

• Floor of the mouth mucosa

• Skin of the ipsilateral inferior lip and chin

Anatomical references • 1 cm dorsal to the anterior edge of the mandibular ramus

• Pterygomandibular raphe (clinical manifestation of the pterygomandibular 
ligament)

• 1 cm cephalic to the mandibular occlusal plane

Patient/operator position • Mandibular occlusal plane positioned parallel to the floor while the patient 
makes a maximal mouth opening

• Operator positioned from 9 to 10 o’clock for the left hemimandible block 
(right­handed operator)

• Operator facing the patient for the right hemi­mandible block (right­handed 
operator)

Local anesthetic volume required 1.5 mL
Needle required • Long needle, 25 G

Needle direction • From ventral to dorsal

• From medial to lateral (placing the body of the syringe in contact with the 
contralateral corner of mouth)

Needle puncture depth 20–25 mm

Table 5. Inferior alveolar, buccal, and lingual nerve block techniques.
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The mandibular canal travels through the thickness of the mandible; first, close to the 
medial surface and then maintained equidistant and, at the anterior end, approach the 
external osseous table. The mental canal has an upward, backward, and lateral outward 
direction at an angle of 45° to the mandibular bone plane. As a consequence of this, the 
mental foramen regularly rounded and with a diameter of 3–5 mm has an acute lower 
anteroinferior border, whereas the posterosuperior half is confused with the bone plane 
of the mandibular body. The mental foramen may usually be found on the vertical line 
drawn downward from the supraorbital notch and lies below the level of premolar teeth 
(see Figure 10).

The mental foramen has many anatomical variations not only in its size and shape but also in 
its location and direction of the opening [9]. In a study by Kqiku et al. [12], the most common 
position of the mental foramen investigated—using anatomical dissection—was between the 
first and second mandibular premolars in 37.75% of the cases and 27.5% in line with the long 
axis of the second mandibular premolar.

These anatomical dispositions require that the approach of the mental foramen for anesthetic 
purposes consider the direction of the needle from back to front and from top to bottom. In 
an anteroposterior sense, the location of the mental foramen is in front of the second premolar 
or between both premolars, at a height—in the young adult—equidistant between the basilar 
border and the alveolar ridge (Table 6).

Figure 10. Image showing the needle direction for a successful mental anesthesia (copyright of authors).
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Branches of the cervical plexus could provide an additional innervation of the mandibular 
region. The great auricular nerve arises from the cervical plexus and provides sensory innerva­
tion of the skin over the parotid gland, the mastoid process, and the outer ears. Consequently, 
a separate infiltration of the great auricular may be needed to achieve total analgesia of the 
mandibular region when conventional anesthesia fails [4].
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Anesthetized areas • Pulp of the dental pieces from inferior second premolar to inferior central 
incisor

• Vestibular mucoperiosteum of the abovementioned dental pieces
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Needle direction • From dorsal to ventral

• From cephalic to caudal

• From lateral to medial

Needle puncture depth 23–25 mm
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Abstract

Specific terms are used to describe the nature of tooth agenesis. Hypodontia is most 
frequently used when describing the phenomenon of congenitally missing teeth. Many 
other terms to describe a reduction in the number of teeth appear in the literature: oligo-
dontia, anodontia, aplasia of teeth, congenitally missing teeth, absence of teeth, agenesis 
of teeth and lack of teeth. The term hypodontia is used when one to six teeth, excluding 
third molars, are missing, and oligodontia when more than six teeth are absent (exclud-
ing the third molars). The long‐term management of hypodontia in the aesthetic zone is a 
particularly challenging situation. Although there are essentially two distinct approaches 
to manage this problem, that is space closure or opening for prosthetic replacements, 
implant or autotransplantation. These patients often manifest with many underlying 
skeletal and dental problems and a multidisciplinary approach for management of this 
condition is recommended. Two treatment approaches including space closure and space 
reopening are described in details in this chapter.

Keywords: hypodontia, missing teeth, implant, orthodontic space closure,  
space reopening

1. Introduction

Missing is one of the most dental anomalies in practice of dentistry and they may affect the 
self‐esteem and social well‐being of the patients. This condition is often complicated by dental 
anomalies associated with hypodontia such as impacted teeth, microdontia, delayed erup-
tion and taurodontism. Hypodontia reportedly affects between 3 and 8% of the population. 
Hypodontia is a common problem seen by the general dentist and is usually referred to the 
orthodontist [1, 2]. Agenesis means that a dental bud fails to develop or is not present at birth. 
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This problem leaves an empty space in the arch which causes plentiful problems. Specific 
terms have been used to describe the nature of tooth agenesis.

• Anodontia is named complete absence of teeth.

• Hypodontia means missing teeth, but usually less than six teeth.

• Oligodontia or partial anodontia is defined absence of six or more teeth.

Anodontia and oligodontia are rare; however, hypodontia is relatively a common problem. 
Many other terms are also used to describe a reduction in the number of teeth in the literature 
such as aplasia of teeth, agenesis of teeth, absence of teeth, lack of teeth and congenitally missing 
teeth [3, 4].

The aims of this chapter are as follows:

• To determine the prevalence of hypodontia

• To assess the etiology of hypodontia

• To diagnose the problem

• To plan the treatment

• To decide the open or close space in the dentition

2. Prevalence of hypodontia

Hypodontia in primary dentition arises in 0.1–0.9% of the population, with equal frequencies in 
both males and females. This problem is more common in the upper jaw and it is frequently related 
with the upper lateral incisor in the primary dentition. As a general rule, when the primary tooth 
is missing, its permanent counterpart will be missing [1]. Hypodontia in the permanent dentition 
occurs with equal rate in the upper and lower arches and usually affects the third molar. The type 
of agenesis in dentition and prevalence of missing vary with racial and ethnic groups. However, 
females are more frequently affected [2]. Prevalences of hypodontia vary between 1.6 and 9.6% 
across the world with exclusion of the third molars. Prevalence of agenesis differs between conti-
nents and races. The occurrence of missing permanent teeth, excluding the third molar is 3.4% in 
Swiss, 4.4% in the USA, 6.1% in Sweden, 8% in Finland and 9.6% in Austria with exclusion of third 
molar. Japanese people have the highest rates of agenesis both in primary and permanent denti-
tion. Australian Aborigines and African Blacks might have a low rate of missing teeth. The rate of 
agenesis in Indians has been reported less than 1% [3, 4]. The prevalence of third molar missing 
has been reported of 9–37% [2]. Hall [5] reported that upper lateral incisors are the most agenesis 
teeth (not including third molars). Missing of the upper lateral incisor is also related to anomalies 
such as agenesis of other permanent teeth, undersized maxillary lateral incisors (peg laterals), 
palatally position of canines and distal displacement of lower second premolars [6–8]. Agenesis 
may arise in isolation, or as part of a syndrome. Dental anomalies, especially hypodontia, have 
frequently been found in children who also have cleft lip and cleft palate or a syndrome [9–11].
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3. Etiology of hypodontia

Heredity and familial distribution are two of the possible factors associated with congeni-
tally missing teeth. Shapira, et al. stated [12], ‘Congenital partial anodontia appears to be the 
result of one or more point mutations in a closely linked polygenic system, most often trans-
mitted in an autosomal dominant pattern incomplete penetrance and variable expressivity’. 
Genetics has a crucial role in hypodontia, as confirmed by the studies on monozygotic twins. 
The pattern of agenesis can differ between monozygotic twins, this issue possibly pointing 
to additional underlying mechanisms such as epigenetic factors, which might be implied 
occurrence of two anomalies simultaneously [13]. Genetic, epigenetic and environmental 
factors contribute to the development of hypodontia. It has been shown that genetics has a 
predominant role in the etiology of missing teeth [14]. Infection, trauma and drugs, as well 
as genes associated with syndromes play a crucial role in hypodontia. Agenesis may be an 
isolated condition or a dental appearance of special syndromes such as cleft lip and palate [9, 
15, 16] and ectodermal dysplasia [17]. The isolated one can follow autosomal recessive, dom-
inant, or X‐linked patterns of inheritance [18]. Some studies showed that some anomalies 
such as bimaxillary retrusion, mandibular prognathism, decreased maxillary jaw size and 
reduced vertical facial dimension in patients affected with hypodontia [19, 20]. In hereditary 
cases, missing has greater incidence when the dental germ is developing after the adjacent 
tissues have closed the space needed for the tooth development. Other scientists reported 
that delays in tooth development and reductions in tooth size correlate with agenesis [21]. 
Both of these might agree with the terminal reduction theory. Moreover, it has also been 
reported that anterior agenesis may depend more on genes while posterior missing might 
be sporadic [22].

4. Diagnosis

Dental agenesis is categorized according to the number of missing teeth, less than three and 
six missing teeth are defined as mild and moderate, respectively. Clinical evaluation, radio-
graphic and dental cast examinations are required for proper diagnosis. The third molar germ 
calcification initiates at the age of about 7.5 and in very few people, it starts at the age 9.5. 
Thus, by including patients younger than 9, researchers might overestimate the missing of the 
third molars. This might explain the high occurrence of agenesis in third molars which has 
been reported by some studies.

5. Treatment plan

Treatment needs an interdisciplinary approach including operative dentistry, paediatric den-
tistry, orthodontics and prosthodontics. Early extraction of primary canines might guide the 
eruption of the permanent canine into the proper position in cases with missing maxillary 
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is missing, its permanent counterpart will be missing [1]. Hypodontia in the permanent dentition 
occurs with equal rate in the upper and lower arches and usually affects the third molar. The type 
of agenesis in dentition and prevalence of missing vary with racial and ethnic groups. However, 
females are more frequently affected [2]. Prevalences of hypodontia vary between 1.6 and 9.6% 
across the world with exclusion of the third molars. Prevalence of agenesis differs between conti-
nents and races. The occurrence of missing permanent teeth, excluding the third molar is 3.4% in 
Swiss, 4.4% in the USA, 6.1% in Sweden, 8% in Finland and 9.6% in Austria with exclusion of third 
molar. Japanese people have the highest rates of agenesis both in primary and permanent denti-
tion. Australian Aborigines and African Blacks might have a low rate of missing teeth. The rate of 
agenesis in Indians has been reported less than 1% [3, 4]. The prevalence of third molar missing 
has been reported of 9–37% [2]. Hall [5] reported that upper lateral incisors are the most agenesis 
teeth (not including third molars). Missing of the upper lateral incisor is also related to anomalies 
such as agenesis of other permanent teeth, undersized maxillary lateral incisors (peg laterals), 
palatally position of canines and distal displacement of lower second premolars [6–8]. Agenesis 
may arise in isolation, or as part of a syndrome. Dental anomalies, especially hypodontia, have 
frequently been found in children who also have cleft lip and cleft palate or a syndrome [9–11].
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3. Etiology of hypodontia

Heredity and familial distribution are two of the possible factors associated with congeni-
tally missing teeth. Shapira, et al. stated [12], ‘Congenital partial anodontia appears to be the 
result of one or more point mutations in a closely linked polygenic system, most often trans-
mitted in an autosomal dominant pattern incomplete penetrance and variable expressivity’. 
Genetics has a crucial role in hypodontia, as confirmed by the studies on monozygotic twins. 
The pattern of agenesis can differ between monozygotic twins, this issue possibly pointing 
to additional underlying mechanisms such as epigenetic factors, which might be implied 
occurrence of two anomalies simultaneously [13]. Genetic, epigenetic and environmental 
factors contribute to the development of hypodontia. It has been shown that genetics has a 
predominant role in the etiology of missing teeth [14]. Infection, trauma and drugs, as well 
as genes associated with syndromes play a crucial role in hypodontia. Agenesis may be an 
isolated condition or a dental appearance of special syndromes such as cleft lip and palate [9, 
15, 16] and ectodermal dysplasia [17]. The isolated one can follow autosomal recessive, dom-
inant, or X‐linked patterns of inheritance [18]. Some studies showed that some anomalies 
such as bimaxillary retrusion, mandibular prognathism, decreased maxillary jaw size and 
reduced vertical facial dimension in patients affected with hypodontia [19, 20]. In hereditary 
cases, missing has greater incidence when the dental germ is developing after the adjacent 
tissues have closed the space needed for the tooth development. Other scientists reported 
that delays in tooth development and reductions in tooth size correlate with agenesis [21]. 
Both of these might agree with the terminal reduction theory. Moreover, it has also been 
reported that anterior agenesis may depend more on genes while posterior missing might 
be sporadic [22].

4. Diagnosis

Dental agenesis is categorized according to the number of missing teeth, less than three and 
six missing teeth are defined as mild and moderate, respectively. Clinical evaluation, radio-
graphic and dental cast examinations are required for proper diagnosis. The third molar germ 
calcification initiates at the age of about 7.5 and in very few people, it starts at the age 9.5. 
Thus, by including patients younger than 9, researchers might overestimate the missing of the 
third molars. This might explain the high occurrence of agenesis in third molars which has 
been reported by some studies.

5. Treatment plan

Treatment needs an interdisciplinary approach including operative dentistry, paediatric den-
tistry, orthodontics and prosthodontics. Early extraction of primary canines might guide the 
eruption of the permanent canine into the proper position in cases with missing maxillary 

Treatment Considerations for Missing Teeth
http://dx.doi.org/10.5772/intechopen.69543

111



lateral and impaction of upper canine. 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, craniofacial morphology and the number of missing teeth should 
be considered in treatment plan. There are two treatment plans that include space reopen-
ing or space closing. Space can be reopened for implant insertion, auto transplantation and 
prosthetic restoration. Another treatment plan is space closing which can be done by fixed 
orthodontics.

6. Space closure versus space opening

Missing of maxillary incisors during the teenage years is a severe problem and often 
requires a challenging treatment plan. There are several solutions for treatment of lack-
ing maxillary incisors including crown and bridge, resin bonded bridgework, removable 
partial dentures, osseointegrated implants, auto transplantation, orthodontic space closure 
[23–27]. Each of these methods has their own advantages and disadvantages; however, 
opening the space followed by implant insertion and space closure are the most common 
treatment options for tooth replacement. Implant insertion is an optimal treatment plan 
with obtaining an ideal occlusion and the indisputable advantage of avoiding any damage 
to the adjacent teeth [23, 28].

Space closing by mesial movement of the posterior teeth is a vital approach and it pro-
vides major satisfactory aesthetic and functional long‐term results. Moreover; the result 
of space closure and all of the changes in the long term will be natural. It is clear that 
when implant or any prostheses are used, some changes could happen in the presence 
of a foreign body [26, 29, 30]. On the other hand, shorter and easier orthodontic treat-
ment by implant insertion makes the space opening a favourable treatment approach for 
replacing missing teeth. Nevertheless, opening the space and implant insertion have some 
disadvantages. Implant insertion is contraindicated in growing patients. Implant must be 
postponed until the growth is ceased. If the implant is used at about 18 years of age, the 
neighbouring teeth and surrounding alveolar bone may continue to erupt. This eruption 
results in infraocclusion of the implant site. There will be a big discrepancy in vertical 
dimension between the gingival margin of the implanted tooth and the gingival margin 
of the neighbouring teeth. This side effect may appear in few years after implant insertion 
in young adult patients and the implant becomes submerged [31–34]. In patients where 
maxillary and mandibular incisors are not in contact with each other, the amount of extru-
sion might be 0/2–0/3 mm per year. Implant acts like an ankylosed teeth and its status can-
not change in contrast to their adjacent teeth; thus, small displacement of neighbouring 
teeth after implant insertion can cause aesthetic complications [35–37]. Infra‐positioned 
implant results in an unlevelled of gingival margins. This issue is a problematic challenge 
especially in patients with a high smile line. Thus, it is better not to use implant in cases 
with ‘gummy smile’ or vertical growth pattern patients [26]. Furthermore, it has been 
reported that more than 50% of single‐implant crowns at 4‐year follow‐ups have some 
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extent of blue colouring of the gingiva [38]. Some other side effects such as bleeding on 
probing, gingivitis, increased probing depth, periodontitis, Peri‐implantitis and progres-
sive loss of marginal bone support of the implant, have also been shown in cases with 
implant insertion [36, 39–41]. Besides, the most problematic issue of the space opening 
is that the teenagers must wait many years after completion of orthodontic treatment for 
implant insertion. During this interim phase, the patients must use temporary crowns or 
restorations that often causes many difficulties and displacements both on implant site 
and adjacent teeth. On the other hand, orthodontic space closure is a practical and safe 
procedure that could achieve better long‐term results. Moreover, none of the stated draw-
backs have been found in orthodontic space closure [29, 42, 43]. Nevertheless, orthodontic 
space closure has its own disadvantages. Concerns may be related to the complexity of 
treatment, the risk for reopening of space, increased functional force on the first premolar 
roots [44]. Attempts for closing the space of upper incisors will tend to retract the anterior 
teeth, which may be favourable in class II division I malocclusion with maxillary protru-
sion. Space closure in the maxillary arch may well provide reduction of an increased over-
jet. However, space closing may be undesirable in class III malocclusion with maxillary 
deficiency. Moreover, space closure of a missing upper lateral incisor results in the canine 
being displaced mesially into contact with the central incisor. In this case, the canine is 
more prominent, wider and darker than the lateral incisor. Canine can be reshaped by 
selective grinding of the cusp tip and it needs rebuilding by composite materials like 
lateral incisor. In cases with increased overjet or crowding extraction of the contralat-
eral lateral incisor may help to maintain symmetry and correct the dental midline. Space 
reopening is usually the best treatment option where orthodontic treatment does not need 
to use the space to relieve the crowding. In this case, any attempt to close the space results 
in an unfavourable effect. The major disadvantage of space reopening is that it requires a 
foreign body such as permanent prosthesis or implant. The optimal space required for the 
prosthesis or implant is usually determined by two factors. The first one is occlusion and 
the second is aesthetic. Ideal overjet and overbite must be provided along with good Class 
I malocclusion at the end of the treatment. A maxillary lateral incisor should be two thirds 
of the width of the maxillary central incisor. Providing of these conditions may be diffi-
cult due to anchorage problems associated with reduced numbers of teeth in hypodontia 
patients. In cases with extensive space or early loss of teeth which have resulted in alveo-
lar atrophy, space closure will not be desirable. The position of the roots of the neighbour-
ing teeth should be estimated radiographically in space opening cases. Therefore, not 
only adequate space must be provided for replacement of the crown but also the roots of 
neighbouring teeth should be parallel or slightly divergent to create adequate space for 
implant insertion [45, 46]. Figures 1–3 show a patient immediately after implant insertion 
and Figures 4–6 show the same patient after 5 years. However, these images illustrate that 
some changes such as infraocclusion and periodontal problems can be seen in implant site 
after 5 years. Figures 7 and 8 show a patient with missing both maxillary lateral incisors 
treated by orthodontic space closure. Figures 9 and 10 show the same patient 5 years after 
completion of treatment. These pictures demonstrate that the dentition, periodontal status 
have not been changed after 5 years in space closure.
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restorations that often causes many difficulties and displacements both on implant site 
and adjacent teeth. On the other hand, orthodontic space closure is a practical and safe 
procedure that could achieve better long‐term results. Moreover, none of the stated draw-
backs have been found in orthodontic space closure [29, 42, 43]. Nevertheless, orthodontic 
space closure has its own disadvantages. Concerns may be related to the complexity of 
treatment, the risk for reopening of space, increased functional force on the first premolar 
roots [44]. Attempts for closing the space of upper incisors will tend to retract the anterior 
teeth, which may be favourable in class II division I malocclusion with maxillary protru-
sion. Space closure in the maxillary arch may well provide reduction of an increased over-
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more prominent, wider and darker than the lateral incisor. Canine can be reshaped by 
selective grinding of the cusp tip and it needs rebuilding by composite materials like 
lateral incisor. In cases with increased overjet or crowding extraction of the contralat-
eral lateral incisor may help to maintain symmetry and correct the dental midline. Space 
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to use the space to relieve the crowding. In this case, any attempt to close the space results 
in an unfavourable effect. The major disadvantage of space reopening is that it requires a 
foreign body such as permanent prosthesis or implant. The optimal space required for the 
prosthesis or implant is usually determined by two factors. The first one is occlusion and 
the second is aesthetic. Ideal overjet and overbite must be provided along with good Class 
I malocclusion at the end of the treatment. A maxillary lateral incisor should be two thirds 
of the width of the maxillary central incisor. Providing of these conditions may be diffi-
cult due to anchorage problems associated with reduced numbers of teeth in hypodontia 
patients. In cases with extensive space or early loss of teeth which have resulted in alveo-
lar atrophy, space closure will not be desirable. The position of the roots of the neighbour-
ing teeth should be estimated radiographically in space opening cases. Therefore, not 
only adequate space must be provided for replacement of the crown but also the roots of 
neighbouring teeth should be parallel or slightly divergent to create adequate space for 
implant insertion [45, 46]. Figures 1–3 show a patient immediately after implant insertion 
and Figures 4–6 show the same patient after 5 years. However, these images illustrate that 
some changes such as infraocclusion and periodontal problems can be seen in implant site 
after 5 years. Figures 7 and 8 show a patient with missing both maxillary lateral incisors 
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Figure 3. OPG (Orthopantomogram) of the same patient.

Figure 1. A patient immediately after implant abutment insertion.

Figure 2. A patient immediately after implant insertion.
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Figure 4. Same patient after 5 years.

Figure 5. OPG of the same patient after 5 years.

Figure 6. Frontal view of the patient after 5 years.
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Figure 7. A patient with missing maxillary lateral incisors.

Figure 8. OPG of the patient with missing maxillary incisors.

Figure 9. Same patient 5 years after orthodontic space closure.

Figure 10. OPG of the same patient 5 years after orthodonticspace closure.
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7. Conclusion

The main advantage of the space closure to implants can be followed as:

• The whole treatment can be finished immediately after completion of orthodontics in space 
closure cases. This issue is a vital interest for teenager patients.

• Better long‐term aesthetic results can be provided in space closure due to lack of infraocclu-
sion, blue colouring of the gingiva and periodontal problems.

• Gingivitis, periodontitis, and other periodontal problems will not occuring space closure 
because the tooth has displaced along with its surrounding tissues and its bone.

• Use of other prosthetic replacement for the missing incisor by partial denture or bonded 
bridges could require further treatments to substitute the restorations.

• Orthodontic space closure will decrease the financial charge for the patient.
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Abstract

Many conditions can alter the occlusal interface, from tooth wear to tooth loss. The 
masticatory system is constituted by many components that can influence each other 
like muscles, joints, teeth and nervous system. This implies that (a) every change at 
occlusal level makes the other components to adapt and (b) an occlusal alteration may 
be the effect of an alteration occurred on muscles or joints. Keeping this in mind, tradi‐
tional principles of occlusal rehabilitation are analysed, and the choice of the restorative 
materials is discussed.

Keywords: dental ceramics, freedom in centric, lithium disilicate, masticatory system, 
occlusal morphology, occlusion

1. Introduction: Occlusal disorders

Many conditions or pathologies can affect dental tissues and therefore alter the occlusal 
interface, like dental caries, trauma and tooth wear. The latter one indicates the surface loss 
of dental hard tissue from causes other than developmental ones, dental caries and trauma 
[1]. It is a very complex phenomenon, including processes of different origin such as erosion, 
attrition and abrasion [1, 2]. Wear is a normal physiologic process and occurs throughout 
life, being part of the aging process [2]. A degree of tooth wear is considered unavoidable [3]. 
Problems arise if the rate of loss or the degree of destruction becomes excessive, exceeding 
the physiological mechanisms designed to compensate for it (e.g. formation of secondary 
dentin and eruption process [4]). In this manner, it may cause functional or aesthetic prob‐
lems or sensitivity for the patient [5], or it is likely to prejudice the survival of the teeth [6] 
or it reaches a level at which restorations are indicated [2]. Furthermore, wear could lead 
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to poor masticatory function with a concomitant reduction in quality of life and possible 
deterioration of systemic health [7]. Such a wear is called pathological (Figure 1) [8]. With 
increasing life expectancy and more people keeping their natural dentition into old age, 
the problems associated with tooth wear are likely to place greater demands upon dental 
professionals [1].

1.1. Attrition

Attrition is the physical wear of tooth against tooth, which means that (a) it is strictly related 
to occlusal relationship and (b) only tooth surfaces that make contact with each other can be 
described as having attrition (Figure 2) [9]. Regarding the mechanism of action, attrition is 

Figure 2. Dental attrition is strictly limited to occlusal/incisal surfaces.

Figure 1. Extensive, pathological tooth wear due to attrition.
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a two‐body wear process. The exact prevalence of attrition is unclear primarily because of 
differing assessment criteria [5, 6]. Data from literature vary greatly [9]. However, we cer‐
tainly know that some para‐functional activities can contribute greatly towards attrition [10]. 
Among these, grinding teeth during sleep or awake can dramatically accelerate tooth attri‐
tion. Also, the presence of restoring material harder than dental tissues may intensify the rate 
of attrition.

1.2. Abrasion

Abrasion is the physical wear of the tooth surface by something other than another tooth, like 
foods and toothbrush. It affects the entire tooth surface rather than just the occlusal contact 
area (Figure 3).

Figure 3. Dental abrasion may involve the entire dental surface.

Figure 4. Dental erosion typically does not involve restorations.
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1.3. Erosion

Erosion is the result of chemical dissolution by acids, excluding chemicals produced by bac‐
teria. Acids may be exogenous (acid foods and beverage‐ lemon, cola, etc.) or endogenous 
(gastric reflux or vomit). Typically, restorations are not affected (Figure 4).

2. Restoring the occlusion: not just teeth

In restoring the occlusion, it is fundamental to keep in mind that the masticatory system 
is constituted by different components such as occlusal interface, masticatory muscles, tem‐
poromandibular joints (TMJs) and nervous system (central and peripheral, motor and sen‐
sory). All the components can influence each other. This statement has two implications. First 
of all, a change in occlusion will have consequences on the rest of masticatory system that 
needs to be adapted. In physiological condition, the system has the ability to adapt to changes, 
like any other biological systems [11]. As dentists, we act on occlusion, but de facto, we act 
on the entire masticatory system. On the other hand, that means that alterations in one of 
the other components of the system may be pointed out as occlusal alteration. For example, 
in the case of muscle pain, it was shown that the distribution of occlusal contacts changes 
[12]. In that study, an experimental muscle pain was induced in masseter in healthy subjects. 
Even if the number of occlusal contacts did not change, the distribution did. After the pain 
resolution, the distribution of contacts returned to baseline. In other words, muscle pain (and, 
more generally, facial pain) influences muscle activity in a specific way, altering the position 
of the mandible and, as a consequence, the occlusion. This is consistent with the so‐called 
‘pain‐adaptation model’ [13]. Accepting this model has important practical consequences, 
first of all, the end of ‘occlusal adjustment’ as therapy for muscle pain. For decades, in fact, it 
was assumed that the so‐called occlusal interferences were the most frequent cause of mas‐
ticatory muscle pain: the masticatory muscles would be enrolled to eliminate the occlusal 
disturbances and this ‘hyperactivity’ would cause muscle pain. Of course, eliminating the 
occlusal interferences would stop the muscle activity and, so, the pain. On the contrary, as 
demonstrated, the ‘occlusal alterations’ can be the effect rather than the cause of muscle pain; 
touching the occlusion of a suffering patient may result in an irreversible and a useless dam‐
age. This aspect is confirmed also in treating patients with muscle pain; they often complain 
that their teeth ‘no longer fit together properly’ [14].

The second clinical implication regards the establishing of intermaxillary relationship; to cor‐
rectly establish the position during rehabilitation, the masticatory system is needed not to be 
in pain. Otherwise, the pain would alter the muscle activity and, consequently, the jaw posi‐
tion, leading to an error in the choice of horizontal relationship (see below). This may happen 
regardless of the technique used to achieve the centric position. Obrez and Stohler [15] found 
a difference in the position of the apex of the Gothic arch (i.e. the centric position) before and 
after a muscle pain was experimental induced in the masseter. The difference disappeared 
after the pain resolution. So, any registration of maxillomandibular relationship, and thus any 
occlusal rehabilitation, cannot be achieved until the pain condition has been resolved.

Dental Anatomy124

Also, an alteration at TMJ level may be firstly seen at occlusal level. In the case of TMJ inflam‐
mation, a swelling of synovial space may occur, resulting in the excessive intracapsular fluid. 
This phenomenon may cause a so‐called acute malocclusion, which is a premature contact of 
anterior teeth with disclusion of the posterior teeth [16]. The malocclusion disappears after 
resolution of TMJ inflammation. Also, chronic pathologies affecting TMJ may lead to sec‐
ondary malocclusion, though it develops slowly and can be easily underestimated. Such a 
scenario happened in a patient suffering of systemic rheumatoid arthritis with a bilateral TMJ 
involvement. The massive erosion of both mandibular condyles leads to a secondary, progres‐
sive anterior open bite (Figure 5).

The following case represents the best example of the diagnostic error that may result from 
looking just at the occlusion, forgetting the other components of the masticatory system. 
The patient showed a facial asymmetry with a left cross‐bite (Figure 6). Many clinicians 
proposed to him to orthodontically and/or orthodontically correct the cross‐bite. The clini‐
cal examination showed left buccal wear facets that were incompatible with the cross‐bite. 
Dental casts were able to get the maximum intercuspation, so an obstacle in the contralat‐
eral TMJ was hypothesized. Indeed CT exam showed a mass in the right TMJ (Figure 7). 
The histological examination resulted in osteoma of the glenoid fossa that was surgically 
removed restoring the occlusion without any other occlusal therapy (Figure 8) [17]. The 
former was certainly an extreme case, but it suggests that a joint problem may cause an 
altered centric. So it is always necessary to evaluate not only masticatory muscles but also 
TMJs. More extensively, whenever you need to completely rehabilitate the occlusion, it 
is an essential overall assessment of the masticatory system and not only of the dental 
condition.

The term ‘neuroplasticity’ refers to the adaptive ability of the brain to undergo structural and 
functional changes throughout the life. These changes are fundamental for the acquisition of 

Figure 5. Anterior open bite due to degenerative arthritis of mandibular condyles.
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Figure 7. CT scan showing a mass in the right glenoid fossa dislocating the mandibular condyle.

motor skills, memory, development of the central nervous system (CNS), learning and adap‐
tation resulting from nerve trauma or other sensory changes. The CNS is a plastic system: 
neuroplasticity allows us to survive to environmental challenges. Luraschi et al. [18] found 
that, after the insertion of a new complete denture, the CNS responded with the activation 
of cerebral cortical areas that were previously silent (showed with functional magnetic reso‐
nance imaging); after a period of 3 months they returned to baseline. In other words, cortical 
neuroplastic changes occur in association with adaptation to changes at occlusal level. These 
findings lead to a fascinating perspective on explaining why some subjects easily adapt to 
changes while others failed [19].

Figure 6. Left cross bite.
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2.1. The principles of restoring the occlusion

Many years passed since Beyron enunciated his principles to achieve what he poetically called 
‘occlusal harmony’ [20, 21]. These principles included:

• acceptable vertical dimension of occlusion (VDO) with acceptable interocclusal distance

• stable jaw relationship with bilateral contact in retrusive closure

• freedom in the retrusive range with maximum intercuspation slightly and straight in front 
of the retruded contact position

• axial occlusal contacts on the posterior teeth

• no interference in eccentrics movements

Even if little or no evidence was provided over the years for supporting those principles, 
they are inspired, now as then, by common sense, appearing wise and cautious, and, in the 
authors’ opinion, they are still valid.

2.2. Establishing the vertical dimension

Restoring the occlusion very often means restoring the vertical dimension. The vertical dimen‐
sion of occlusion (VDO) is defined as the distance measured between two points when the 

Figure 8. Resolution of left cross bite after surgical removal of the osteoma in the right TMJ.
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Figure 7. CT scan showing a mass in the right glenoid fossa dislocating the mandibular condyle.
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Figure 6. Left cross bite.
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Figure 9. The same patient before (on the left) and after restoring the correct vertical dimension.

occluding members are in contact with each other [22]. Many methods have been described 
to establish the correct VDO. These methods are often combined to achieve the best result. 
However, even if some methods pretend to be more ‘scientific’ or ‘validated’ than others, 
establishing the VDO remains a clinical manoeuvre, in which the clinician’s personal talent 
and experience play a crucial role.

For establishing the correct VDO, we employ three consecutive methods such as rest posi‐
tion, phonetics and aesthetics. We usually start from the physiological rest position of the jaw 
[22], when the head is in an upright position, there is no dental contact, antagonist muscles 
(jaw elevators and depressors) are balanced and the mandibular condyles are in a non‐forced 
position in the glenoid fossa. In this position, an ‘interocclusal distance’ of few millimetres is 
present, i.e. antagonist teeth are not occluding. If during rest position, antagonist teeth are in 
contact, the VDO may be too high and it needs to be reduced.

The rest position is the starting point to determine the new VDO, but it must be combined 
with other functional aspects, first of all with phonetics. If the VDO is incorrect, phonetics 
may be negatively affected. Pound established that the key to the ideal relationship between 
antagonist anterior teeth for achieving clarity of speech was the ‘S position’. The ‘S position’ 
is defined as the most forward position the mandible ever assumes during speech and it is the 
closest to contact of any teeth during a speech [23]. The ‘S position’ limits the possibility of 
increasing VDO, as an excessive VDO will cause antagonist teeth contact during ‘S’ sounds.

The final aspect to consider is aesthetics. The dimension of the lower third influences the 
overall appearance of the patients’ face, so aesthetic considerations have a key role in defining 
VDO. Restoring the lost VDO may give several years back to the patient, removing the old 
appearance that the lost teeth and the lost dimension usually cause (Figure 9).
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2.3. Choosing the ‘therapeutic position’

In case of gross occlusal alteration, it is necessary to choose a therapeutic position of the mandible 
in which the new ‘centric occlusion’ is created. Few arguments have been debated in the past and 
present of dentistry, like the choice of therapeutic position. Independently from the ‘philosophy’ 
that guides you, the definitions of centric and the method to assess it are closely related, and 
so the consequent occlusal morphology. Some authors prefer to actively guide the jaw in the 
centric relation, and various manoeuvres have been described [24]. Other authors prefer not to 
‘force’ the jaw in a specific position. One ‘not guided’ method consists in choosing a retruded 
functional position as shown by tracing the border mandibular movement on the horizontal 
plane. This method, called ‘central bearing point’, was initially created for complete denture 
rehabilitation, but it may be adapted to every clinical situation. A pivot traces jaw movements on 
a plate, designing the so‐called ‘Gothic arch’ (Figure 10). The apex of the Gothic arch represents, 
in this approach, the centric relation (Figure 11). This centric relation may be chosen as reference 
position in creating the new centric occlusion, ensuring a ‘freedom in centric’ as explained below.

2.4. Designing the occlusal anatomy

Old studies showed that functional movements do not occur in a single position, but in an 
‘area’ around the centric occlusion [25]. This is the biological premise for the so‐called ‘freedom 
in centric’ in which there is a degree of freedom in centric movements starting from the central 
fossa of the occlusal surface [26]. This concept avoids interference on posterior teeth during 
functional movements, that is, one of Beyron’s principles.

Figure 10. Central bearing point technique applied on edentulous patient.
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In restoring a single tooth or few teeth, the rest of occlusion is the best guide to design the 
occlusal anatomy and the restored tooth needs to be integrated in the existing occlusion, with‐
out introducing interferences in centric occlusion or eccentric movements. On the contrary, 
when extensive occlusal reconstructions are needed, reference points need to be derived from 
the structure other than residual occlusion. These reference points are the other component 
of the masticatory system that limits functional movements. In particular, the TMJ anatomy 
influences mandibular dynamics. Changes in occlusion made regardless of TMJ anatomy 
may introduce occlusal interferences during movements. For these reasons, it is fundamental 
to record some particular parameters to which the occlusion morphology is conformed. The 
most important (and the most used) parameters are as follows (a) the protrusive condyle path 
and (b) the immediate mandibular lateral translation (also known as immediate side shift), 
which influence both anterior guidance and dimension of the posterior cusps in the protru‐
sive and lateral movements, respectively.

2.5. Which instruments are needed?

In an extensive occlusal restoration, it is necessary to work on patient’s master casts that are 
mounted on an articulator that best reproduces hinge axis. In such a way, we can be reason‐
ably sure that each occlusal change made on articulator will result in the same occlusal change 
on the patient’s mouth. In order to do that, it is necessary to use a face bow, a calliper‐like 
instrument that records the spatial relationship of the maxillary (or mandibular) arch to some 
anatomic reference point or points and then transfer this relationship to the articulator [22].

There are different types of articulator; the most frequently used are the semi‐adjustable ones 
that represent an optimal compromise between the non‐adjustable articulators, inevitably 

Figure 11. Gothic arch tracing.
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inaccurate because they cannot be combined to a face bow, and fully adjustable articulators, 
more precise but also more complex to use. If you are well aware of those that are the prin‐
ciples that must be applied, you can equally get a good result even using a less complex and 
precise tool.

After recording the hinge axis, the two parameters that are usually recorded are as follows:

a. The protrusive condylar path. The functional part is represented by the intermediate seg‐
ment, used to calculate the angle to be set in the articulator,

b. The immediate side shift on the horizontal plane that is the movement of the not working 
condyle that guides the lateral movement.

These two parameters are dependent on the anatomy of the glenoid fossa and influence the 
anterior guidance and the occlusal morphology of the cusps of the posterior teeth during 
eccentric movements.

2.6. Which restorative materials are used?

The ability of some dental materials to adhere to dental tissues has dramatically changed 
the modern dentistry, modifying operative protocols, techniques and even treatment plans. 
‘New’ glass‐ceramics like lithium disilicate combine good mechanical properties with excel‐
lent aesthetic results. The strong point of this ceramics is adhesive cementation on the tooth, 
a property that stronger polycrystalline ceramics like zirconia are lacking of. Indeed, the sur‐
face of lithium disilicate may be etched by hydrofluoric acid that dissolves the glass matrix 
to increase surface energy and, consequently, bond strength to dental tissues. Such a surface 
treatment is impossible on zirconia because no glass matrix is present. The clinical conse‐
quence is the use of lithium disilicate for producing indirect restorations with no mechanical 
retention and resistance form. An in vitro study [27] was conducted to compare the retention 
of lithium disilicate crowns cemented using two different cementation systems: (a) a glass‐
ionomer cement (GIC) and (b) a self‐curing luting composite resin. Adhesive cementation 
with luting composite showed failure load three times higher than conventional cementation 
with GIC. Furthermore, crowns cemented with luting composite most often failed by fracture; 
otherwise, crowns cemented with glass‐ionomer cement most often failed by decementation. 
These results suggest a completely different biomechanical behaviour between the two luting 
procedures; the ceramic crown is etched and cemented by a luting composite resin cement 
become part of the tooth. The new system crown‐cement‐tooth has a resistance equal to the 
inner tensile strength of an intact tooth.

The interface between tooth, luting composite and lithium disilicate surface was qualita‐
tively evaluated using a scanning electron microscope (SEM). SEM analysis showed the 
three layers with no interruptions (Figure 12); by increasing the enlargement the interface 
did not change [28].

An in vitro study was conducted to compare the fracture resistance of human teeth restored 
with lithium disilicate only restorations, with and without a retention and resistance form. 
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anterior guidance and the occlusal morphology of the cusps of the posterior teeth during 
eccentric movements.
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‘New’ glass‐ceramics like lithium disilicate combine good mechanical properties with excel‐
lent aesthetic results. The strong point of this ceramics is adhesive cementation on the tooth, 
a property that stronger polycrystalline ceramics like zirconia are lacking of. Indeed, the sur‐
face of lithium disilicate may be etched by hydrofluoric acid that dissolves the glass matrix 
to increase surface energy and, consequently, bond strength to dental tissues. Such a surface 
treatment is impossible on zirconia because no glass matrix is present. The clinical conse‐
quence is the use of lithium disilicate for producing indirect restorations with no mechanical 
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with luting composite showed failure load three times higher than conventional cementation 
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Figure 12. SEM evaluation (800×) of the (from left to right) tooth‐luting composite‐ceramic interface.

The fracture test (Figure 13) showed no difference between the groups, revealing that if ade‐
quate adhesive procedures (using etching ceramic like lithium disilicate) are applied, tradi‐
tional concepts of tooth preparation (retention form, resistance form, ferrule effect) are no 
longer required for the mechanical resistance of restored teeth.

Because of its capacity to adhere to dental tissues,lithium disilicate.may be used to restore 
the lost anatomical and functional form of the teeth. This property is combined with excel‐
lent optical properties and very good mechanical properties that make this material the first 
choice to restore single anterior and posterior teeth, with total or partial restorations. It may 
also be used for realizing anterior 3‐unit bridges. Even if its use for implant prosthesis is 
not generally recommended, a screw‐retained implant crown realized by lithium disilicate 
has recently been described [29]. For higher load‐bearing situation, like long‐span bridges 
or complete arch rehabilitation, other materials, like polycrystalline ceramics or traditional 
porcelain‐fused‐on‐metals (PFM) are suggested. However, no real adhesion to dental tissues 
can be achieved with these materials.

Some concerns in using ceramics for restoring teeth regard its impact on tooth wear. In fact, 
dental materials may be worn by enamel or they may cause aggressive wear of enamel [7]. 
Holding the other factors constant, variation in enamel wear rate is related to the coefficient 
of friction (which is a function of the material) and type of wear mechanism [7]. Ideally, a res‐
toration should have wear resistance similar to that of enamel [30]. The average wear rate on 
occlusal contact areas is about 29 µ/ year for molars and about 15 µ/year for premolars [30]. 
The attrition of restoration is of clinical importance only if it deviates from the physiological 
attrition of enamel [31]. Too hard materials dramatically accelerate wear of antagonist enamel 
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(Figure 14). For example, the enamel‐ceramic combination wears more than the enamel‐enamel 
combination and both wear more than enamel‐amalgam combination [7].

Among the various dental materials, composite resins have a particular behaviour as many vari‐
ables that derive from their composition directly influence their wear resistance. Composites 
consist of filler particles dispersed in a brittle polymer. The size, shape and hardness of the 
fillers, the quality of the bonding between the fillers and the polymer matrix and the extent 
of polymerization of the polymer matrix influence the wear characteristics of the composite. 
Furthermore, the composition of the material influences physical parameters such as flexural 
strength, fracture toughness, hardness, modulus of elasticity and curing depth, all of which 
may influence the wear [32].

In general, composite resins are susceptible to abrasive and fatigue wear [33]. The mean occlu‐
sal contact wear of composite materials ranges from 60 to 200 µm, depending on the mate‐
rial, attributing lower wear rates for composite resin launched in the mid‐1990s  compared 

Figure 13. Fracture test of natural tooth restored with lithium disilicate restoration.
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to those that were launched at the end of the 1980s or beginning of the 1990s. However, the 
range of wear may vary considerably within the same material [34]. The latest composite 
resins, with smaller fillers, do not show excessive wear. Many variables related to the com‐
position of composite resins influence wear resistance. Composite resins with small particles 
are more wear resistant than those with large particles [35, 36]; composites with more than 
48% volume of fillers have a higher wear resistance [37] the filler inter‐particle spacing of less 
than 0.10–0.43 µm is needed to protect the resin matrix from wear [37]. Experimental non‐
aged composites show similar wear regardless of the degree of conversion (DC) [37], and 
some commercial 7‐days‐aged composite resins with high DC show less wear than compos‐
ites with lower DC [38]. There is some correlation between DC and hardness, but composite 
resins with high values for hardness do not necessarily have a high resistance to abrasive 
wear [39].

3. Conclusion

As dental clinician, we act every day on the occlusal interface. Being the masticatory system 
constituted by different components that influence each other, we must keep in mind that 

Figure 14. A ceramic crown on left upper central incisor, associated to deep bite, caused an augmented wear due to 
attrition of antagonist teeth.
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every change at one level will have consequences on the others. For this reason, altering or 
restoring the occlusion must consider the anatomical limits of muscles and joints, and the 
adaptive capacity of the nervous system. There are few basic principles that need to be ful‐
filled in occlusal rehabilitation, and an anatomical face bow and a semi‐adjustable articulator 
represent useful tools to achieve the treatment goals.

The use of materials that can be adhesively fixed to dental tissues should be preferred. These 
include both glass‐ceramics and composite resins. Ceramics present better mechanical and 
optical properties, but their high hardness may increase tooth wear due to attrition, especially 
when grinding habits are present. In these cases, the use of composite resin may be preferred.
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restoring the occlusion must consider the anatomical limits of muscles and joints, and the 
adaptive capacity of the nervous system. There are few basic principles that need to be ful‐
filled in occlusal rehabilitation, and an anatomical face bow and a semi‐adjustable articulator 
represent useful tools to achieve the treatment goals.

The use of materials that can be adhesively fixed to dental tissues should be preferred. These 
include both glass‐ceramics and composite resins. Ceramics present better mechanical and 
optical properties, but their high hardness may increase tooth wear due to attrition, especially 
when grinding habits are present. In these cases, the use of composite resin may be preferred.
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Abstract

This chapter provides information about the lower first premolars. This tooth is considered 
to be one of the most complex teeth and the dentistry graduation students usually have 
difficulties in identifying it. The aim of this chapter is to present a detailed morphological 
study of extracted lower first premolars. One hundred lower first premolars, belonging to 
the collection of the Laboratory of Anatomy of the Department of Morphology of the São 
Paulo State University (UNESP), School of Dentistry, Araraquara, SP, Brazil, were evaluated. 
Nine measurements were performed through direct observation without any instruments. 
Other 20 measurements were made by photographs and they were analyzed by the Image 
Tool 3.0 program. According to the results, it was concluded that most of the teeth presented 
the following features such as one lingual cusp; the distal occlusal pits were wider than the 
mesial occlusal pits; an enamel bridge linking the buccal and lingual cusps; the grooves in 
the lingual surface that emerged from the mesial and distal occlusal pits were absent, and 
where the grooves were present, they emerged from the mesial occlusal pit; one rectilinear 
root with no root grooves and where the root groove was present, it was observed in the 
mesial surface.

Keywords: dental anatomy, lower first premolar, morphometric, tooth morphology, teeth

1. Introduction

The lower first premolar is considered to be one of the most complex teeth. During the practical 
classes of Dental Anatomy, we can see some students with difficulties in the identification of 
the first premolars. Probably this is due to the wide anatomic variations present in those teeth.
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There are few studies in which researchers performed standardized measures and provided 
more detailed information about the lower first premolars.

The lower first premolar is the smallest of all premolars. It has a very characteristic crown that 
differs from the other teeth, mainly due to its buccal cusp, which is disproportionately larger 
than the lingual cusp. The buccal surface of the crown is strongly inclined toward the lingual 
side and the buccal cusp is about two times larger than the lingual cusp [1].

Being smaller than the buccal cusp, the lingual cusp may be so small to become a single tuber-
cle. Between the two cusps, buccal and lingual, there is a principal groove, whose concavity is 
directed toward the buccal surface [1, 2].

An enamel bridge may also be present linking the buccal and lingual cusps [3], which sepa-
rates the principal groove in two pits, the mesial occlusal pit (MOP) and the distal occlusal 
pit (DOP) [4]. According to Madeira and Rizzolo [5], the distal occlusal pit is the largest, and 
between both occlusal pits (mesial and distal), the distal one is the closest to the lingual surface.

Usually, the tooth has only one root [1, 4]. The mesial and distal longitudinal grooves of the 
root are shallow and the root apex is rarely divided [4].

The aim of this chapter is to present a detailed morphological study of extracted lower first 
premolars.

2. Methodology

This project was approved by the Ethics Committee of the School of Dentistry of Araraquara, 
São Paulo State University (UNESP) (CAAE 17513313.6.0000.5416).

One hundred lower first premolars with no information about gender and age were evalu-
ated, and they belong to the collection of the Laboratory of Anatomy of the Department of 
Morphology of the São Paulo State University (UNESP), School of Dentistry, Araraquara. The 
teeth were cleaned with dental instruments and solutions of hydrogen peroxide and ammo-
nium hydroxide. The teeth were stored dry, without any solutions, in glass containers. Those 
teeth are routinely used in the dental anatomy classes.

For identifying the proximal surfaces, a previous study was done to determine the criteria of 
their identification.

Nine measurements were performed through direct observation without any instruments:

• Mesial occlusal pit (MOP): 1 = discreet, 2 = small, 3 = medium, 4 = large (Figure 1).

• Distal occlusal pit (DOP): 1 = discreet, 2 = small, 3 = medium, 4 = large (Figure 1).

• Presence/absence of groove in the lingual surface that emerged from the mesial occlusal 
pit (G-MOP).

• Presence/absence of groove in the lingual surface that emerged from the distal occlusal pit 
(G-DOP).

Dental Anatomy142

• Number of lingual cusps (LC).

• Number of dental roots (DR).

• Region of root bifurcation or trifurcation: 0 = absent, 1 = cervical third, 2 = middle third, 
3 = apical third.

• Presence/absence of root grooves in the mesial surface (MG-R).

• Presence/absence of root grooves in the distal surface (DG-R).

Other measures were made by photographs and they were analyzed by the Image Tool 3.0 
program, which allowed the measurements of dimension, angle and area.

Prior to the photographs, some points were registered in the teeth to facilitate some measure-
ments through the use of the Image Tool program such as signaling of the distal surface, apex 
of the cusps, limits of the mesial and distal longitudinal edges of all cusps, point of largest 
dimension of the mesial and distal marginal ridges, contour of the mesial and distal longitu-
dinal edge of the buccal cusp and contour of the cervical line (Figures 3, 6 and 7).

The teeth were photographed on the occlusal, buccal, lingual, mesial and distal surfaces. For 
standardization of the photographs, a digital camera (FujiFilm FinePix S7000) was positioned 
on a stand. In each photograph, a ruler was photographed for calibration of the images and 
the measurements were made using the Image Tool 3.0 program. The calibration was made 
in millimeters. For the occlusal photographs, the teeth were fixed in a device elaborated by 

Figure 1. Classification of occlusal pits. (A) Discreet occlusal pit; (B) small occlusal pit; (C) medium occlusal pit and  
(D) large occlusal pit.
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Prof. Dr. Hélio Ferraz Porciúncula, a retired adjunct professor of Anatomy of the School of 
Dentistry of Araraquara, São Paulo State University (UNESP) (Figure 2).

Photograph of occlusal surface (Figure 3):

• Measurement of the mesial longitudinal edge of the buccal cusp (MLE-BC).

• Measurement of the distal longitudinal edge of the buccal cusp (DLE-BC).

Figure 2. Metallic device where the teeth were fixed for occlusal photographs.

Figure 3. Occlusal surface photograph.
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• Measurement of the mesial longitudinal edge of the lingual cusp (MLE-LC): presence of 
only a lingual cusp located in the middle third (MLE-LC0), presence of a lingual cusp lo-
cated in the mesial third (MLE-LC1) and presence of a lingual cusp located in the distal 
third (MLE-LC2).

• Measurement of the distal longitudinal edge of the lingual cusp (DLE-LC): presence of only a 
lingual cusp located in the middle third (DLE-LC0), presence of a lingual cusp located in the 
mesial third (DLE-LC1) and presence of a lingual cusp located in the distal third (DLE-LC2).

• Measurement of the buccolingual dimension of the occlusal surface (BL-O): measurement be-
tween the buccal and lingual surfaces made from the buccal cusp apex to the lingual cusp apex.

• Measurement of the mesiodistal dimension of the occlusal surface (MD-O): measurement 
between the mesial and distal marginal ridges on the occlusal surface in the region of great-
est dimension.

• Measurement of the buccolingual dimension of the mesial marginal ridge (BL-MMR).

• Measurement of the buccolingual dimension of the distal marginal ridge (BL-DMR).

• Measurement of the mesiodistal dimension of the enamel bridge (M-PE): when it was pres-
ent, a mesiodistal measurement was performed between the two surfaces that limit the 
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Photograph of lingual surface (Figure 5):

• Measurement of the cervical-occlusal dimension of the lingual surface (CO-LS): measure-
ment from the apex of the highest lingual cusp to the most cervical region of the cervical 
line, made on the lingual surface.
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Figure 2. Metallic device where the teeth were fixed for occlusal photographs.

Figure 3. Occlusal surface photograph.
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lingual cusp located in the middle third (DLE-LC0), presence of a lingual cusp located in the 
mesial third (DLE-LC1) and presence of a lingual cusp located in the distal third (DLE-LC2).
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• Measurement of the cervical-occlusal dimension of the crown (CO-BS): measurement of the 
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tween the mesial and distal root surfaces in the dental cervix, made on the buccal surface.

• Measurement of the deviation of the root apex from the long axis of the crown (DRA): mea-
surement of the angle formed between the long axis of the tooth and the root apex.

Photograph of lingual surface (Figure 5):

• Measurement of the cervical-occlusal dimension of the lingual surface (CO-LS): measure-
ment from the apex of the highest lingual cusp to the most cervical region of the cervical 
line, made on the lingual surface.

Evaluation of the Anatomy of the Lower First Premolar
http://dx.doi.org/10.5772/intechopen.71038

145



Figure 4. Buccal surface photograph.

Figure 5. Lingual surface photograph.
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Photograph of mesial surface (Figure 6):

• Measurement of the cervical-occlusal dimension of the mesial surface (CO-MS): mea-
surement from the cervical line of the crown in the middle third to the mesial marginal 
ridge.

• Measurement of the buccolingual dimension of the root (BL-R): measurement between the 
buccal and lingual surfaces of the root in the dental cervix, made on the mesial surface.

Photograph of distal surface (Figure 7):

• Measurement of the cervical-occlusal dimension of the distal surface (CO-DS): measure-
ment from the cervical line of the crown in the middle third to the distal marginal ridge.

The measurement of total tooth length (TL) will be obtained by adding the cervical-occlusal 
dimension of the crown (CO-C) to the root length measurement (RL).

2.1. Statistical analysis

The analyses were made by a qualified examiner. For reproducibility analysis, the teeth were 
analyzed in duplicate, with an interval of at least 7 days between the analyses. From the 100 
teeth, which constituted the sample, 30 teeth were randomly selected. The reproducibility was 
estimated using intraclass correlation coefficient (ICC).

Figure 6. Mesial surface photograph.
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From the two evaluations (initial and after the interval) performed to obtain the reproducibil-
ity, the measurements obtained from the initial evaluation were considered to compose the 
sample, since the other teeth were evaluated only once.

Descriptive statistics was performed.

The comparisons of interest were estimated using Kruskal-Wallis and Dunn’s tests. An associ-
ation study between mesial occlusal pits (MOP) and distal occlusal pits (DOP) was performed 
using Fisher’s exact test. The level of significance was 5%.

3. Results

Table 1 shows intraexaminer reproducibility performed in two different times. From the 
seven evaluated parameters, six presented “excellent” agreement and one presented “satis-
factory” agreement (intraclass correlation coefficient, ICC).

Tables 2–7 present the frequencies of the anatomical features evaluated through direct obser-
vation of the teeth.

From the first 100 evaluated lower first premolars, 97% were uniradicular and only three teeth 
(3%) presented a apical third bifurcation.

Figure 7. Distal surface photograph.
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Anatomical features ICC p

MOP-MLE 0.647 <0.001

BL-DMR 0.953 <0.001

MLE-BC 0.799 <0.001

BL-O 0.886 <0.001

MD-O 0.876 <0.001

CO-C 0.958 <0.001

MD-R 0.821 <0.001

Table 1. Reproducibility of measurements performed by one examiner in two different times.

Frequency %

MOP

Discreet 20 20

Small 63 63

Medium 15 15

Large 2 2

DOP

Discreet 6 6

Small 24 24

Medium 43 43

Large 27 27

Total 100 100

Table 2. Distribution of mesial and distal occlusal pits (MOP and DOP).

Frequency %

G-MOP

Absent 58 58

Present 42 42

G-DOP

Absent 70 70

Present 30 30

Total 100 100

Table 3. Frequency of the grooves in the lingual surface that emerged from mesial and distal occlusal pits (G-MOP and 
G-DOP).

Evaluation of the Anatomy of the Lower First Premolar
http://dx.doi.org/10.5772/intechopen.71038

149



From the two evaluations (initial and after the interval) performed to obtain the reproducibil-
ity, the measurements obtained from the initial evaluation were considered to compose the 
sample, since the other teeth were evaluated only once.

Descriptive statistics was performed.

The comparisons of interest were estimated using Kruskal-Wallis and Dunn’s tests. An associ-
ation study between mesial occlusal pits (MOP) and distal occlusal pits (DOP) was performed 
using Fisher’s exact test. The level of significance was 5%.

3. Results

Table 1 shows intraexaminer reproducibility performed in two different times. From the 
seven evaluated parameters, six presented “excellent” agreement and one presented “satis-
factory” agreement (intraclass correlation coefficient, ICC).

Tables 2–7 present the frequencies of the anatomical features evaluated through direct obser-
vation of the teeth.

From the first 100 evaluated lower first premolars, 97% were uniradicular and only three teeth 
(3%) presented a apical third bifurcation.

Figure 7. Distal surface photograph.

Dental Anatomy148

Anatomical features ICC p

MOP-MLE 0.647 <0.001

BL-DMR 0.953 <0.001

MLE-BC 0.799 <0.001

BL-O 0.886 <0.001

MD-O 0.876 <0.001

CO-C 0.958 <0.001

MD-R 0.821 <0.001

Table 1. Reproducibility of measurements performed by one examiner in two different times.

Frequency %

MOP

Discreet 20 20

Small 63 63

Medium 15 15

Large 2 2

DOP

Discreet 6 6

Small 24 24

Medium 43 43

Large 27 27

Total 100 100

Table 2. Distribution of mesial and distal occlusal pits (MOP and DOP).

Frequency %

G-MOP

Absent 58 58

Present 42 42

G-DOP

Absent 70 70

Present 30 30

Total 100 100

Table 3. Frequency of the grooves in the lingual surface that emerged from mesial and distal occlusal pits (G-MOP and 
G-DOP).

Evaluation of the Anatomy of the Lower First Premolar
http://dx.doi.org/10.5772/intechopen.71038

149



Table 8 shows the frequency of the measurements made through the photographs and the use 
of the Image Tool 3.0 program.

Regarding the number of lingual cusps, 78 teeth presented only one cusp. From those, 25 teeth 
showed the lingual cusp positioned in the mesial third, 37 teeth showed that it is positioned 

Enamel bridge position Frequency %

Absent 6 6

Mesial 47 47

Middle 45 45

Distal 2 2

Total 100 100

Table 6. Frequency of the enamel bridge position.

Number of lingual cusps Frequency %

1 78 78

2 19 19

3 3 3

Total 100 100

Table 4. Frequency of the number of lingual cusps.

Frequency %

MG-R

Absent 61 61

Present 39 39

DG-R

Absent 92 92

Present 8 8

Total 100 100

Table 5. Frequency of grooves in the mesial and distal root surfaces (MG-R and DG-R).

Mesiodistal groove crossing the enamel bridge Frequency %

Absent 50 50

Present 50 50

Total 100 100

Table 7. Frequency of the mesiodistal groove crossing the enamel bridge.

Dental Anatomy150

in the middle third and 16 teeth showed that it is positioned in the distal third. Nineteen teeth 
presented two cusps and only three teeth presented three lingual cusps.

From the 100 lower first premolars, 70 presented a rectilinear root, without any angulation 
of the root apex. Thirty teeth (30%) presented deviation of the root apex or the apical third, 
varying from 16.67 to 172.47°, with a mean of 153.16°, being 26 with a distal deviation and 4 
presenting a mesial deviation of the apical third (Figure 8).

Only two teeth presented MOP with score 4 (large), which were not considered for the statisti-
cal analysis.

Anatomical feature n Mean Standard deviation

MLE-BC 100 3.75 0.557

DLE-BC 100 3.81 0.563

MLE-LC0 40 0.90 1.185

DLE-LC0 40 1.00 1.326

MLE-LC1 47 1.04 1.230

DLE-LC1 47 1.10 1.337

MLE-LC2 37 0.71 1.081

DLE-LC2 37 0.63 0.899

BL-O 100 4.81 0.940

MD-O 100 7.08 0.761

BL-MMR 100 3.29 0.957

BL-DMR 100 3.76 0.854

M-PE 100 3.09 1.026

MOP-MLE 100 1.89 0.424

DOP-DLE 100 2.12 0.433

CO-BS 100 8.34 0.901

CO-LS 100 5.59 0.842

CO-MS 100 5.33 0.682

CO-DS 100 5.21 0.608

RL 100 14.43 1.971

BL-R 100 7.21 0.701

MD-R 100 5.36 0.578

TL 100 22.85 1.888

DRA 30 153.16 29.692

Table 8. Frequency of the measurements obtained by the use of photographs and the Image Tool program.

Evaluation of the Anatomy of the Lower First Premolar
http://dx.doi.org/10.5772/intechopen.71038

151



Table 8 shows the frequency of the measurements made through the photographs and the use 
of the Image Tool 3.0 program.

Regarding the number of lingual cusps, 78 teeth presented only one cusp. From those, 25 teeth 
showed the lingual cusp positioned in the mesial third, 37 teeth showed that it is positioned 

Enamel bridge position Frequency %

Absent 6 6

Mesial 47 47

Middle 45 45

Distal 2 2

Total 100 100

Table 6. Frequency of the enamel bridge position.

Number of lingual cusps Frequency %

1 78 78

2 19 19

3 3 3

Total 100 100

Table 4. Frequency of the number of lingual cusps.

Frequency %

MG-R

Absent 61 61

Present 39 39

DG-R

Absent 92 92

Present 8 8

Total 100 100

Table 5. Frequency of grooves in the mesial and distal root surfaces (MG-R and DG-R).

Mesiodistal groove crossing the enamel bridge Frequency %

Absent 50 50

Present 50 50

Total 100 100

Table 7. Frequency of the mesiodistal groove crossing the enamel bridge.

Dental Anatomy150

in the middle third and 16 teeth showed that it is positioned in the distal third. Nineteen teeth 
presented two cusps and only three teeth presented three lingual cusps.

From the 100 lower first premolars, 70 presented a rectilinear root, without any angulation 
of the root apex. Thirty teeth (30%) presented deviation of the root apex or the apical third, 
varying from 16.67 to 172.47°, with a mean of 153.16°, being 26 with a distal deviation and 4 
presenting a mesial deviation of the apical third (Figure 8).

Only two teeth presented MOP with score 4 (large), which were not considered for the statisti-
cal analysis.

Anatomical feature n Mean Standard deviation

MLE-BC 100 3.75 0.557

DLE-BC 100 3.81 0.563

MLE-LC0 40 0.90 1.185

DLE-LC0 40 1.00 1.326

MLE-LC1 47 1.04 1.230

DLE-LC1 47 1.10 1.337

MLE-LC2 37 0.71 1.081

DLE-LC2 37 0.63 0.899

BL-O 100 4.81 0.940

MD-O 100 7.08 0.761

BL-MMR 100 3.29 0.957

BL-DMR 100 3.76 0.854

M-PE 100 3.09 1.026

MOP-MLE 100 1.89 0.424

DOP-DLE 100 2.12 0.433

CO-BS 100 8.34 0.901

CO-LS 100 5.59 0.842

CO-MS 100 5.33 0.682

CO-DS 100 5.21 0.608

RL 100 14.43 1.971

BL-R 100 7.21 0.701

MD-R 100 5.36 0.578

TL 100 22.85 1.888

DRA 30 153.16 29.692

Table 8. Frequency of the measurements obtained by the use of photographs and the Image Tool program.

Evaluation of the Anatomy of the Lower First Premolar
http://dx.doi.org/10.5772/intechopen.71038

151



Figure 8. Lower first premolars with a rectilinear root (A) and with a distal deviation (B).

The relation between MOP and MOP-MLE was analyzed. It was verified that the dimension 
of MOP-MLE was statistically related to the size of MOP (p = 0.037; Kruskal-Wallis followed 
by Dunn’s test), that is, the higher the MOP, the higher the MOP-MLE was.

Statistical analysis showed that there was no statistically significant relation between DOP 
and DOP-DLE (p = 0.486; Kruskal-Wallis), as well as there was no significant relation between 
BL-MMR and MOP (p = 0.769); BL-DMR and DOP (p = 0.07); MOP-MLE and DOP-DLE 
(p = 0.075); BL-MMR and BL-DMR (p = 0.947).

According to Table 9, there was a significant association between MOP and DOP (p = 0.007; 
Fisher’s exact). It may be noted that the distal occlusal pits were usually higher when com-
pared to the mesial occlusal pits.

DOP

MOP 1 2 3 4 Total p

1 5 3 8 5 20

2 1 20 27 15 63

3 0 1 7 7 15

Total 6 24 42 26 98 0.007

Table 9. Distribution of the size of the mesial occlusal pits according to the size of the distal occlusal pits.
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4. Discussion

In this study, we evaluated the anatomical features of the lower first premolar because it is 
considered one of the most complex teeth and the dentistry graduation students usually have 
difficulties in identifying it. According to Kraus and Furr [6], the lower first premolar shows 
an extremely wide range of morphologic variability.

There was no information about gender and age related to the teeth analyzed in this study. 
This is a limitation of this study because it was not possible to make associations between the 
measurements and those criteria.

The methodology was elaborated to cover the most of the anatomical structures of the lower 
first premolar for a detailed characterization of it. In order to do that, the classification of the 
pits, the way photographs were taken and the measurements made through the program 
Image Tool 3.0 were standardized.

Besides the anatomy books, there are practically no studies that describe the lower first premo-
lars fully in detail. As those teeth have a wide anatomical variation and the dentistry students 
have difficulties in identifying them, this study sought to improve the information already 
known about those teeth, by facilitating the teaching-learning process in the dental anatomy.

The results presented in this chapter showed that the widest occlusal pit was the distal one. 
According to Figún and Garino [7], even though the occlusal pits are irregularly arranged, 
the distal pit is the widest one. Some authors [1, 2, 4] reported that the distal occlusal pit is 
the widest one [5, 8] but they did not mention whether there were differences between the 
occlusal pits.

The groove from the mesial occlusal fossa frequently continues to the lingual surface of the 
tooth [4, 5]. In our study, the grooves in the lingual surface that emerged from mesial and 
distal occlusal pits were usually absent. When the groove was present, it emerged, more fre-
quently, from the mesial occlusal pit. According to Pagano et al. [8], there are some different 
situations related to the occlusal grooves such as grooves from the distal occlusal pit, short 
grooves from the mesial and distal occlusal pits or mesiolingual groove crossing the mesial 
marginal ridge.

Regarding the number of lingual cusps, most of the evaluated teeth had only one lingual cusp. 
This characteristic is in agreement with other studies [1–5].

Regarding the dimension of the total length of the lower first premolars, Della Serra and 
Ferreira [1] cited a variation from 17.0 to 27 mm and Sicher and Dubrul [4] reported a similar 
variation (18.5–27 mm). According to Picosse [2], the mean length of the lower first premolars 
in men was 21.97 mm and in women, it was 22.47 mm. In the present study, the total length of 
the evaluated teeth ranged from 19 to 28 mm, with a mean length of 22.85 mm.

In this study, we evaluated the cervical-occlusal measurement of the crown on the buccal sur-
face (CO-BS) and the lingual surface (CO-LS). The mean values were 8.34 mm (ranging from 
7 to 10 mm) and 5.59 mm (ranging from 2 to 8 mm), respectively. Sicher and Dubrul [4] also 
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Figure 8. Lower first premolars with a rectilinear root (A) and with a distal deviation (B).
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variation (18.5–27 mm). According to Picosse [2], the mean length of the lower first premolars 
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made the same evaluation and reported values from 7.5 to 11 mm for the length of the dental 
crown in the buccal surface and 5 to 5.8 mm in the lingual surface. Picosse [2] reported a mean 
value of 8.69 mm for men and 7.40 mm for women, for the length of dental crown, whereas 
Della Serra and Ferreira [1] cited a variation from 6.2 to 11 mm.

Regarding the mesiodistal dimension of the dental crown, we found in the literature a varia-
tion from 6.0 to 8.0 mm [4], 5.5 to 8.5 mm [1] and a maximum value of 6.87 mm [2]. In the 
present study, the same measurement ranged from 6 to 9 mm with a mean value of 7.08 mm.

Observing the size of the mesial and distal longitudinal edges of the buccal cusp, there was 
similarity between them. Although, Picosse [2] reported that the distal edge is slightly larger 
and more inclined.

In this study, it was verified that the distal marginal ridge was frequently larger than the 
mesial marginal ridge. This feature may contribute for the largest buccolingual dimension of 
the distal surface, besides the wider distal occlusal pit observed in the lower first premolars. 
Figun and Garino [7] also verified that the distal segment is the largest portion of the occlusal 
surface, and the mesial segment presents a large slope and a small dimension. Pagano et al. 
[8] reported that the occlusal surface presents a large/moderate reduction of the mesiolingual 
segment; the convex lingual surface is continuous with the contact surface and a large buc-
colingual dimension of the distal surface.

According to Madeira and Rizzolo [5], the buccal and lingual cusps are almost always linked 
by an enamel bridge. Some authors also mentioned the constant presence of the enamel bridge 
[1, 4]. A similar situation was verified in this study. The enamel bridge was absent only in 6% 
of the teeth; it was present 47% in the mesial third and 45% in the middle third.

The mesiodistal groove crossing the enamel bridge was present in 50% of the teeth. The litera-
ture did not report the percentage of the presence of this groove. It is reported that some lower 
first premolars may have the enamel bridge being crossed by a mesiodistal groove [1, 4, 5].

A large variation in the root canal morphology is reported in the literature, especially in 
lower premolars [9]. The lower first premolars are prone to variations in their internal anat-
omy, which may have different number of roots and root canals [10]. In the present study, 
97% of the teeth were uniradicular and only three teeth (3%) presented a apical third bifurca-
tion. Bernardino et al. [11] observed four lower first premolars (3.2%) presenting three roots 
and 123 (96.8%) being uniradicular from a sample of 127 teeth. According to the authors, 
lower first premolars with three roots can be considered a rare anatomical variation. The 
incidence of a three-rooted lower first premolar is approximately 0.2% [12]. It was verified 
that the root was rectilinear, without any angulation in 70% of the teeth. Della Serra and 
Ferreira [1] reported that the root was rectilinear in 47.5% of the cases. Therefore, accord-
ing to Madeira and Rizzolo [5], the root curves a little to distal direction in a buccal view. 
Our results showed that, when there is a deviation of the root apex, it is usually to distal 
direction.

The root grooves were absent in most of the evaluated teeth and, when present, they were 
usually observed in the mesial surface, in agreement with the observations of Madeira and 
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Rizzolo [5], who reported the presence of shallow longitudinal grooves and sometimes 
almost imperceptible ones in the mesial surface of the root. Differently from them, Picosse [2] 
reported that the mesial and distal radicular grooves were always present.

It was observed that the buccolingual dimension of the root was larger than the mesiodistal 
dimension. This feature is in agreement with Sicher and Dubrul [4], who reported that the 
mesiodistal dimension is slightly smaller than the buccolingual dimension.

5. Conclusion

According to the results, it was concluded that the lower first premolars usually presented 
the following features:

• Only one lingual cusp.

• An enamel bridge linking the buccal and lingual cusps.

• Distal occlusal pits wider than the mesial occlusal pits.

• The grooves in the lingual surface that emerged from the mesial and distal occlusal pits 
were absent, and when the grooves were present, they emerged from the mesial occlusal pit.

• One rectilinear root with no root grooves.

• When the root groove was present, it was observed in the mesial surface.
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Introduction: The introduction of intraoral scanning offers an alternative for measuring 
mesiodistal tooth sizes.

Objectives: To evaluate the validity and reproducibility of dental measurements per-
formed on 3D digital study models using an intraoral scanner and compare them with 
measurements obtained using the traditional method.

Materials and methods: The study was approved by the Ethics Committee. The sample 
comprised 60 patients selected applying the following inclusion criteria: teeth erupted from 
first molar to first molar, no disorders in the number or shape, and no prosthetic restora-
tions. A digital impression was taken of each patient using an intraoral scanner and plaster 
study models were fabricated from alginate impressions. The dental arches were measured 
using the two methods. OrthoCadTM computer software was used to measure the digital 
models, whereas a digital Vernier caliper was used to measure the physical models.

Results: Reproducibility of the 3D digital models obtained with the intraoral scanner was 
good. The validity of the digital measurements was excellent.

Conclusions: The measurement of mesiodistal tooth sizes using the scanner is an excel-
lent alternative to traditional methods. But statistically significant differences may occur 
in dental arch dimensions, as the intraoral scanning method tends to overestimate mea-
surements compared with the traditional method.
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1. Introduction

Orthodontic study models have always played a crucial role as a diagnostic register that 
provides information in the three spatial planes. Correct diagnosis and treatment planning 
will always rely on the data obtained from models and traditional plaster models remain the 
“Gold Standard” for dental measurement.

As the intraoral scanner has evolved, it has gained in importance in the quest to eliminate 
physical models of patients and replace them with virtual models. In the early days of scan-
ning, models were produced by means of extraoral laser scanning or cone beam comput-
erized tomography (CBCT) [1]. Today, some dental clinics possess intraoral scanners that 
make it possible to obtain digital models directly from the patient with no need to scan 
physical models.

Digital models have several advantages over conventional models, although the traditional 
models produce excellent results in terms of precision and fit providing the clinician has 
sufficient experience and the impression-taking techniques are adequate and performed 
correctly. But, there is always a potential for error that may be reflected in the working 
model produced.

Technical error, a badly chosen impression tray, badly mixed impression materials, or dimen-
sional changes to materials (for example, the expansion of setting plaster) can all contribute 
to an accumulation of small errors that may affect the finished model. This points to the need 
for a technique capable of overcoming these problems and the solution might be the use of 
intraoral scanners that generate digital models.

In 2013, some authors [2] published a number of different research papers that compared 
manual, silicon, and digital (using the iTero® intraoral scanner) impression-taking techniques 
performed by experienced clinicians and second-year undergraduates who not yet experi-
enced in impression techniques. The results showed that for inexperienced clinicians, the 
digital technique with intraoral scanner was easier to use and obtained better clinical results 
in less time, and so proved more efficient.

But, other researchers [3] have found that although patients prefer intraoral scanning as an 
impression technique, alginate impression is actually faster. The study used Cerec® Omnicam 
and LAVA C.O.S® scanners, and the patients were children aged between 10 and 17 years 
attending the clinic for orthodontic treatment.

Meanwhile, other researchers [4] found that impressions taken with an intraoral scanner, in 
this case the iTero®, were faster than conventional techniques using silicon.

In addition, digital techniques can overcome other problems such as patient discomfort, the 
impossibility of rectifying error once the physical impression has been taken, and the incon-
venience of storing space-consuming materials and working models.

Dental Anatomy158

Nevertheless, the conventional technique currently in use does offer certain advantages over 
digital techniques, at least for the time being: for the experienced clinician, they are relatively 
simple to perform and are more economical in terms of initial outlay (although this may even 
out in the long term).

This table lists the main advantages and disadvantages of the digital technique using intraoral 
scanner.

In 2014, some authors [5] claimed that digital models were being used for diagnostic purposes 
by 76% of North American orthodontists. According to a number of authors [6–11], digital 
models elaborated from scanned extraoral models have been shown to be a valid technique 
for taking orthodontic measurements, and although the published research reveals some dis-
crepancies, Jacob et al. argue that these do not appear to be clinically relevant. The literature 
includes several articles [12–14], including a systematic review [15] about the reproducibility 
and validity of measurements taken from 3D study models, most of which used table-top or 
extraoral scanners to register data from conventional impressions, CBCTs, or plaster models. 
But little research has been published on intraoral scanners. Some authors [16–18] showed 
how digital models may be valid and reproducible, although differences have been found 
between the different scanners assayed.

Some authors [16] compared intraoral scanning with the conventional manual tech-
nique, using the Cadent IOC® intraoral scanner with OrthoCad® measurement software. 
Conventional impressions and scans were taken from 30 patients, and linear measurements 
were taken of mesiodistal dental distances to calculate the Bolton ratio for each patient. 
Although the study identified statistically significant differences between the techniques, it 
was concluded that these were not clinically relevant; in other words, although differences 
were found, they were minimal and the models obtained from intraoral scans were clinically 
valid and reproducible.

Advantages Disadvantages

1. Clean process 1. Learning curve

2. Patient comfort 2. Initial economic outlay

3. Eliminates possibility of impression taking error 3. Only captures features that are visible

4. Possibility of correcting the impression without repeating 
data registration

4. Technique limited to partial cases

5. Acts as a communication tool with the laboratory 5. Unsupported by sufficient scientific and 
clinical evidence

6. Communication/marketing tool with patient 6. Some systems are closed

7. Space-saving
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In 2013, other authors [1] published a study to determine the validity, accuracy, and repro-
ducibility of measurements taken from digital models generated directly with an intraoral 
scanner, in this case the 3 M Lava C.O.S®. In addition to linear measurements, they also cal-
culated the Bolton ratio. The 3 M scanner was found to be valid, exact, and reproducible for 
obtaining plaster models, and although it produced significantly different measurements for 
calculating the Bolton ratio, the authors did not consider these clinically relevant, as they were 
always less than 1.5 mm. They also registered the time required to perform the two techniques 
and affirmed that this decreased significantly as the clinician’s experience increased.

In 2015, other authors [18] published an article comparing intraoral (iTero® and Lythos®), 
extraoral scanners (Ortho Insign®), and traditional measurements, in this case in vitro using 
dissected mandibles to compare the validity and reproducibility of the methods. They mea-
sured the mesiodistal diameters of premolars, canine height, intercanine and intermolar dis-
tance, and arch length. It was found that the three scanners provided valid and reproducible 
measurements compared with manual measurement, although it was clear that intraoral 
scanners tended to systematically underestimate measurements.

In 2016, other authors [19] investigated the accuracy of different intraoral scanners (Trios®, 
iTero®, E4D® Dentist and Zfx IntraScan®) for measuring mesiodistal sizes and intermolar and 
intercanine distance, in the presence of archwires and brackets, concluding that the apparatus 
did not present a clinical scanning difficulty, but that there were differences between the four 
scanners, TRIOS® and iTero® obtaining the most accurate results.

In 2016, some authors [20] published a literature review that included six different intraoral 
scanners. Although the study models produced using the scanners were valid and reproduc-
ible as intra- and inter-arch measurements taken manually, the patients preferred the conven-
tional impression technique because it required less time to perform.

The leading scanners available on the market today [21] (CEREC®, Lavas C.O.S system®, iTero®, 
E4D® y TRIOS®) show varying characteristics in terms of their functional principles, light sources, 
the use or non-use of powder applications, operating processes, and dedicated software.

1. The CEREC® 1 scanner (Sirona©, Bensheim, Germany) was introduced in 1987 and was 
the first intraoral scanner on the market. The system is based on the principle of light 
triangulation, whereby the intersection of three light beams determines each point in 
space. Dental surfaces can refract light and so reduce scanning precision; for this reason, 
it is necessary to apply a layer of titanium dioxide powder to disperse light uniformly, 
reduce reflection, and so ensure scanning accuracy. At present, the most widely used 
version of the CEREC® scanner is the product’s fourth generation, named the CEREC® 
AC Bluecam. This scanner’s capture method differs from its predecessors as it uses a blue 
LED diode light source. According to the manufacturer, the CEREC® AC Bluecam scan-
ner captures one quadrant of the digital impression per minute and its antagonist quad-
rant in a few seconds. The most innovative CEREC® system is the CEREC® AC Omnicam, 
launched in 2012, with a continuous capture system in which uninterrupted data acquisi-
tion generates a 3D model, unlike the CEREC® Bluecam that registers individual images 
one at a time. The CEREC® Omnicam can be used for taking either the impression of an 
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individual tooth, a quadrant, or a complete arch, whereas the CEREC® Bluecam can only 
be used to capture a single tooth or quadrant. The CEREC® Omnicam’s other key features 
include image capture in natural color and powder-free scanning, which is particularly 
useful when scanning large areas [22]. When performing an intraoral scan, the dentist 
holds the scanner and points it towards the area to be scanned. The camera must be 
placed a few millimeters from the dental surface or even lightly touching it. Moreover, it 
is possible to interrupt the scanning process and resume it at any moment. The CEREC® 
Omnicam system has also introduced a new movement detection feature to ensure that 
data capture and precision are accurate, so the camera stops working whenever it detects 
camera shake or any movement that might compromise precision [23].

2. The Lava C.O.S® intraoral scanner (Chairside Oral Scanner; 3M© Espe, Seefeld, Germany) 
was invented in 2006, entered the market in 2008, and works on the principle of active 
wavefront sampling. The system uses three sensors that capture clinical images from 
different viewpoints simultaneously and generate surface “patches” processed with the 
help of an algorithm to visualize a three-dimensional virtual model. It captures 20 im-
ages per second, covering some 10,000 data items in each scan. The huge amount of data 
obtained and processed with algorithms involves a large number of images that contrib-
ute to a high-quality image of great accuracy [24]. The Lava C.O.S® has the smallest cap-
ture point of all the scanners on the market, with a width of only 13.2 mm. The scanner 
uses a visible blue light source and a laptop computer connected to an easy-to-use touch 
screen. Like the CEREC® AC Bluecam system, the Lava C.O.S® also requires the use from 
a fine titanium dioxide powder applied to the tooth to ensure adequate scanning. The 
scanning procedure is as follows [22, 25]: after cleaning and drying the patient’s mouth, a 
fine, even layer of powder is applied to the dental surfaces. During scanning, the capture 
point must be moved from the posterior teeth towards the anterior sector taking care to 
capture both the buccal and lingual tooth surfaces. The Lava C.O.S® produces images si-
multaneously to scanning so that, if required, any area can be rescanned. As the resulting 
scans are examined by the clinician, if it is necessary to extend the scan area, he/she only 
has to carry on scanning and the dedicated software will merge all additional scan data 
automatically. When one arch has been scanned, then the same procedure is repeated 
for the antagonist arch. Then, the patient is asked to occlude to register the articulation 
between the upper and lower arches and merge the data for both arches in occlusion. 
Although it uses its own working computer files, it might be said that the Lava C.O.S® is 
a semi-open data system [23] as it is compatible with other systems.

3. The iTero® scanner (Cadent Inc.© Carlstadt, NJ, USA) appeared on the market in 2007 and 
was later taken over by the North American Align Technologies© in 2014. The scanner 
captures tooth surface data with the use of optical laser scanning based on the principle 
of parallel confocal scanning [26]. According to some authors [27], in the course of a sin-
gle scan, it can capture up to 100,000 laser light points at 300 different focal depths on the 
tooth surface. These focal depths are defined by differences of approximately 50 microns 
each, allowing the system to obtain precise information about the surface topography. 
Thanks to this capture technology, the iTero® can scan intraoral structures without the 
need for powder application [23]. Initially, the system used a red light source for data 
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capture and required a computer, mouse, keyboard, and monitor, as well as the scanner 
itself. But, the latest versions offer updated hardware of a smaller size that is easier to 
use due to the introduction of a touchscreen, which has eliminated the use of the key-
board. As described by some authors [28], the iTero takes a photograph of each area of 
the tooth surface from different viewpoints—occlusal, vestibular, lingual—and of the 
interproximal points of adjacent teeth; if it detects any sudden movement, the system 
will automatically request a rescan of the area. Afterwards images must be captured at 
a 45° angle to the buccal and lingual surfaces of the antagonist teeth and, if necessary, 
the patient’s occlusion can be captured positioning the scanner on the vestibular surface 
of the occluded arches, whereby the system will generate a model of the occlusion. The 
iTero® is an open system that produces SLT files (Standard Triangle Language), a stand-
ard file type for working with 3D models in many different fields, including dentistry, 
architecture, and engineering.

4. The E4D (D4D Technologies© Richardson, TX, USA) works on the principle of optical 
coherence tomography and confocal laser scanning microscopy. This uses a red laser 
as light source whose microcrystals vibrate 20,000 times per second. Laser technology 
traps images from all angles creating a library of images that are then processed by the 
system’s software to produce a virtual 3D model in only a few seconds. This system 
does not require powder applications to the teeth. As well as the intraoral scanner, the 
apparatus includes a pedal, computer, and monitor. To perform a scan, the clinician 
holds the scanner over the tooth while pressing down on the pedal; as soon as the image 
appears on the monitor, the pedal can be released and the scanner moved on to the next 
area to be scanned. The scanner must be positioned at a certain distance from the tooth 
and for this rubber points are supplied that rest on the teeth and keep the scanner at an 
equal distance throughout the procedure. In this way, a series of images are captured 
from different viewpoints, which the system’s software automatically converts into a 
digital model. Unlike the other systems described above, occlusal relationships are not 
registered by data capture from a vestibular viewpoint with the teeth in occlusion but by 
using an impression material placed on the teeth that the patient bites on and which are 
scanned afterwards. The scanner detects the impression material and the adjacent teeth, 
and from this information together with the digital models already generated configures 
a virtual model of the occlusion. Data captured can be exported in the system’s own 
format or in “open” STL format, although an annual fee is charged for the SLT service.

5. The TRIOS® scanner (3D Shape, © Copenhagen, Denmark) was developed in 2010 and 
became available in 2011. The system works on the principle of ultrafast optical section-
ing and confocal microscopy. Some 3000 images per second are generated reducing any 
influence of relative movement between the scan point and the tooth. By analyzing all the 
images captured, the system constructs a 3D digital model instantly, which also reflects 
the shape and colors of the teeth and gums. Like the iTero, ® the E4D®, and the TRIOS® 
scanners, it does not need powder application to perform the scanning process. The TRI-
OS® is relatively simple to use; the dentist holds the scan point at a distance of 2–3 cm 
from the tooth and 3D models of both teeth and gums are generated instantly while the 
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operator moves the device over the tooth surfaces. When both arches have been scanned, 
a scan of the patient in occlusion must be captured from the buccal viewpoint; the system 
then adapts the data from both arches to produce a coordinated model of the complete 
occlusion. The TRIOS® comprises two separate part, the TRIOS Cart® and TRIOS Pod®. 
The TRIOS Pod® is a transportable scanner that offers better mobility and flexibility and 
is compatible with other computers including the iPad®. In either case—TRIOS Pod® or 
TRIOS Cart®—the clinician can choose between the system’s standard version and full 
color version. The TRIOS® is an open system that generates 3D digital models from STL 
files or its own system’s files.

A wide variety of intraoral scanners are currently available. They can be classified in terms of 
the technology used for image capture, as each scanner employs a different working method 
to construct a digital model, based on multiple photo or video capture by laser, red laser, or 
blue light. Scanning may require applications of titanium oxide powder to eliminate reflec-
tions that would otherwise impede data registering, as in the case of the 3 M© or the Bluecam 
de Cerec® systems. A system may be “closed,” in which case the work flow only proceeds via 
the manufacturer’s own services, or “open,” generating STL files that can be processed by any 
design software.

2. Objectives

1. To analyze intra-examiner and inter-examiner reproducibility of both measurement methods.

2. To evaluate the validity of intraoral scanning in comparison with the manual method, 
considered the “Gold Standard.”

3. Materials and methods

The initial sample consisted of 102 individuals of both sexes who sought orthodontic treat-
ment from the Master’s Program in Orthodontics at the University of Valencia.

The inclusion criteria applied were as follows:

• Patients in permanent dentition from first molar to first molar at the moment of data 
registration.

• Good quality study models available, both physical and digital.

• Patients presenting minor occlusal restorations that did not visibly compromise the mesial 
faces of teeth.

• Patients presenting malocclusions with rotations, diastemas and overcrowding.
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Exclusion criteria were as follows:

• Patients wearing fixed prostheses that could present alterations to the original points of 
contact or that could produce possible bias in the models obtained due to differences in 
light reflections during scanning.

• Patients presenting disorders in the number of teeth, ageneses, extractions, or supernumer-
ary teeth.

• Patients presenting major dental destruction, fractures, or attrition that could alter the me-
siodistal diameters of teeth.

The final sample included 60 individuals of both sexes, 26 men and 34 women, with an aver-
age age of 33.6 years (ranging from 16.3 to 62.7 years).

All patients underwent intraoral scanning. Then, alginate impressions were taken and subse-
quently cast in plaster (Figure 1).

3.1. Manual measurement method

All measurements were performed with a digital Vernier caliper, with the exception of arch 
length, which was measured with a brass wire (Figure 1).

3.2. Direct measurements

• Teeth sizes (TS)

• Upper (UICD) and lower intercanine distance (LICD)

• Upper (UIMD) and lower intermolar distance (LIMD)

• Upper (UAL) and lower arch length (LAL)

3.3. Indirect measurements

After taking the measurements listed above, the following values were calculated that consti-
tuted indirect measurements:

• Upper (UD) and lower discrepancy (LD)

• Bolton anterior (BOLTON AR) and overall ratio (BOLTON OR) [29, 30]

Figure 1. Plaster casts, digital Vernier caliper to performed all measurements and brass wire to measure arch length.

Dental Anatomy164

3.4. Intraoral scan measurement method

The iTero® intraoral scanner was used to scan dental arches, capturing image data directly 
from each patient’s mouth. This scanner acquires tooth surface data by means of optical laser 
scanning based on the principle of parallel confocal scanning (Figure 2).

The scans were performed by two clinicians trained for this purpose and calibrated identically.

As soon as the patient’s teeth had been scanned, the files were sent via the Internet from the 
scanner to the database www.mycadent.com or www.myaligntech.com, downloading the 
digital model in STL format using OrthoCAD® software, whose reliability and reproduc-
ibility have been confirmed [6, 12, 16, 31, 32] to analyze the visualizations of each patient’s 
occlusion.

3.5. Direct measurements

• Teeth sizes (TS)

• Upper (UICD) and lower intercanine distance (LICD)

• Upper (UIMD) and lower intermolar distance (LIMD)

• Upper (UAL) and lower arch length (LAL)

3.6. Indirect measurements

After taking the measurements listed above, the following values were calculated that consti-
tuted indirect measurements:

• Upper (UD) and lower discrepancy (LD)

• Bolton anterior (BOLTON AR) and overall ratio (BOLTON OR)

3.7. Statistical analysis

Firstly, the Dahlberg formula, the coefficient of variation (CV), and the intraclass correlation 
coefficient (ICC) were used to estimate intra- and inter-examiner reproducibility of the meth-
ods. The main evaluator repeated all measurements by means of both methods (intraoral 

Figure 2. iTero® intraoral scanner and digital dental casts.
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scanner and manual measurement), whereas a second evaluator performed the same two 
sets of measurements of the whole sample. Normality of all differences in intra- and inter-
examiner measurements was compared using the Kolmogorov-Smirnov and Shapiro-Wilk 
tests, with results that confirmed reproducibility for most variables (p > 0.05). Mean values 
obtained at the first and second sets of measurements by the first examiner using both meth-
ods were compared using a paired sample t-test. The same statistical test was applied to com-
pare mean values obtained for each parameter by the two methods in order to evaluate the 
validity of intraoral scanning.

Secondly, to evaluate the validity of the intraoral scanning method, the results obtained by 
the two methods were compared using a regression model, which estimated the confidence 
intervals of regression coefficients. The significance level was set at 5% (p < 0.05).

4. Results

4.1. Intraoral scan intra- and inter-examiner reproducibility

Section 4.1 examines intra- and inter-examiner reproducibility of the scanning method using 
the Itero intraoral scanner as presented in Tables 1 and 2.

4.2. Validity of intraoral scanning compared with manual measurement

Section 4.2 investigates the validity of intraoral scanning in comparison with manual mea-
surement (considered the “Gold Standard”) by means of two analyses:

The first analysis compares average values obtained for each parameter using the two meth-
ods to determine whether the intraoral scanning method can be considered valid. When aver-
age values vary between methods, this might suggest a possible systematic error as presented 
in Table 3. The second anaylsis grouped the measurements obtained for each parameter, 
applying a regression model to check for the absence of bias and also any lack of linearity in 
order to accept or reject the validity of intraoral scanning (Table 4 and Figure 3). Six linear 
regression models were estimated to define the linear correlations between measurements 
obtained using the scanner and measurements obtained manually: (1) teeth sizes (TS); (2) 
intercanine (ICD) and intermolar distances (IMD); (3) arch length (AL); (4) discrepancy (D); 
(5) Bolton ratios (BOLTON); and (6) all measurements together.

4.2.1. Model 1: teeth sizes (TS)

The following graph brings together 1440 pairs of measurements corresponding to 24 teeth 
and 60 individuals. The continuous blue line is the model’s estimated regression line, whereas 
the dotted line is the main diagonal, whereby the horizontal coordinates are equal to the verti-
cal, representing perfect agreement between the two methods. The two lines literally overlap, 
pointing to the validity of the measurement method using the intraoral scanner (Figure 3).
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Intraoral scan intra-examiner reproducibility

Main examiner 
differences between first 
and second

Confidence interval 
(CI) 95%

p-value D Dahlberg 
(mm)

CV (%) ICC

Mean SD Lower  
limit

Upper 
limit

TS 16 −0.05 0.31 −0.12 0.03 0.233 0.15 1.48 0.89

TS 15 −0.06 0.23 −0.13 0.00 0.065 0.13 1.96 0.94

TS 14 −0.06 0.27 −0.13 0.01 0.113 0.15 2.07 0.83

TS 13 −0.04 0.39 −0.13 0.06 0.398 0.18 2.34 0.86

TS 12 −0.11 0.54 −0.25 0.03 0.133 0.27 3.94 0.83

TS 11 −0.01 0.31 −0.09 0.07 0.865 0.15 1.72 0.91

TS 21 0.03 0.50 −0.09 0.16 0.605 0.24 2.84 0.80

TS 22 −0.09 0.31 −0.18 −0.01 0.034* 0.17 2.52 0.91

TS 23 −0.07 0.27 −0.15 0.00 0.064 0.15 2.02 0.92

TS 24 −0.08 0.46 −0.20 0.04 0.169 0.23 3.33 0.71

TS 25 −0.19 0.89 −0.42 0.04 0.108 0.46 6.69 0.53

TS 26 −0.08 0.39 −0.19 0.02 0.105 0.20 1.98 0.80

TS 36 −0.11 0.39 −0.20 −0.01 0.033* 0.20 1.83 0.88

TS 35 −0.09 0.35 −0.19 0.00 0.048* 0.18 2.55 0.81

TS 34 −0.09 0.31 −0.16 −0.01 0.036* 0.16 2.29 0.84

TS 33 −0.06 0.27 −0.13 0.01 0.098 0.14 2.03 0.91

TS 32 −0.07 0.31 −0.16 0.01 0.092 0.17 2.85 0.81

TS 31 0.00 0.27 −0.07 0.07 0.923 0.13 2.40 0.84

TS 41 −0.06 0.27 −0.12 0.01 0.098 0.13 2.44 0.80

TS 42 −0.03 0.35 −0.11 0.06 0.517 0.16 2.64 0.79

TS 43 −0.09 0.31 −0.16 −0.01 0.018* 0.14 2.11 0.89

TS 44 −0.03 0.31 −0.12 0.05 0.420 0.16 2.20 0.84

TS 45 −0.07 0.31 −0.15 0.01 0.094 0.16 2.25 0.89

TS 46 −0.08 0.31 −0.16 0.00 0.069 0.16 1.52 0.92

UICD −0.21 0.93 −0.46 0.03 0.085 0.48 1.47 0.97

LICD −0.30 1.16 −0.59 0.00 0.052 0.59 2.44 0.94

UIMD 0.06 1.08 −0.21 0.34 0.643 0.52 1.06 0.97

LIMD −0.15 1.47 −0.53 0.23 0.428 0.72 1.69 0.91

UAL −0.61 1.51 −1.01 −0.22 0.004** 0.85 1.21 0.94
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scanner and manual measurement), whereas a second evaluator performed the same two 
sets of measurements of the whole sample. Normality of all differences in intra- and inter-
examiner measurements was compared using the Kolmogorov-Smirnov and Shapiro-Wilk 
tests, with results that confirmed reproducibility for most variables (p > 0.05). Mean values 
obtained at the first and second sets of measurements by the first examiner using both meth-
ods were compared using a paired sample t-test. The same statistical test was applied to com-
pare mean values obtained for each parameter by the two methods in order to evaluate the 
validity of intraoral scanning.

Secondly, to evaluate the validity of the intraoral scanning method, the results obtained by 
the two methods were compared using a regression model, which estimated the confidence 
intervals of regression coefficients. The significance level was set at 5% (p < 0.05).

4. Results

4.1. Intraoral scan intra- and inter-examiner reproducibility

Section 4.1 examines intra- and inter-examiner reproducibility of the scanning method using 
the Itero intraoral scanner as presented in Tables 1 and 2.

4.2. Validity of intraoral scanning compared with manual measurement

Section 4.2 investigates the validity of intraoral scanning in comparison with manual mea-
surement (considered the “Gold Standard”) by means of two analyses:

The first analysis compares average values obtained for each parameter using the two meth-
ods to determine whether the intraoral scanning method can be considered valid. When aver-
age values vary between methods, this might suggest a possible systematic error as presented 
in Table 3. The second anaylsis grouped the measurements obtained for each parameter, 
applying a regression model to check for the absence of bias and also any lack of linearity in 
order to accept or reject the validity of intraoral scanning (Table 4 and Figure 3). Six linear 
regression models were estimated to define the linear correlations between measurements 
obtained using the scanner and measurements obtained manually: (1) teeth sizes (TS); (2) 
intercanine (ICD) and intermolar distances (IMD); (3) arch length (AL); (4) discrepancy (D); 
(5) Bolton ratios (BOLTON); and (6) all measurements together.

4.2.1. Model 1: teeth sizes (TS)

The following graph brings together 1440 pairs of measurements corresponding to 24 teeth 
and 60 individuals. The continuous blue line is the model’s estimated regression line, whereas 
the dotted line is the main diagonal, whereby the horizontal coordinates are equal to the verti-
cal, representing perfect agreement between the two methods. The two lines literally overlap, 
pointing to the validity of the measurement method using the intraoral scanner (Figure 3).
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Intraoral scan intra-examiner reproducibility

Main examiner 
differences between first 
and second

Confidence interval 
(CI) 95%

p-value D Dahlberg 
(mm)

CV (%) ICC

Mean SD Lower  
limit

Upper 
limit

TS 16 −0.05 0.31 −0.12 0.03 0.233 0.15 1.48 0.89

TS 15 −0.06 0.23 −0.13 0.00 0.065 0.13 1.96 0.94

TS 14 −0.06 0.27 −0.13 0.01 0.113 0.15 2.07 0.83

TS 13 −0.04 0.39 −0.13 0.06 0.398 0.18 2.34 0.86

TS 12 −0.11 0.54 −0.25 0.03 0.133 0.27 3.94 0.83

TS 11 −0.01 0.31 −0.09 0.07 0.865 0.15 1.72 0.91

TS 21 0.03 0.50 −0.09 0.16 0.605 0.24 2.84 0.80

TS 22 −0.09 0.31 −0.18 −0.01 0.034* 0.17 2.52 0.91

TS 23 −0.07 0.27 −0.15 0.00 0.064 0.15 2.02 0.92

TS 24 −0.08 0.46 −0.20 0.04 0.169 0.23 3.33 0.71

TS 25 −0.19 0.89 −0.42 0.04 0.108 0.46 6.69 0.53

TS 26 −0.08 0.39 −0.19 0.02 0.105 0.20 1.98 0.80

TS 36 −0.11 0.39 −0.20 −0.01 0.033* 0.20 1.83 0.88

TS 35 −0.09 0.35 −0.19 0.00 0.048* 0.18 2.55 0.81

TS 34 −0.09 0.31 −0.16 −0.01 0.036* 0.16 2.29 0.84

TS 33 −0.06 0.27 −0.13 0.01 0.098 0.14 2.03 0.91

TS 32 −0.07 0.31 −0.16 0.01 0.092 0.17 2.85 0.81

TS 31 0.00 0.27 −0.07 0.07 0.923 0.13 2.40 0.84

TS 41 −0.06 0.27 −0.12 0.01 0.098 0.13 2.44 0.80

TS 42 −0.03 0.35 −0.11 0.06 0.517 0.16 2.64 0.79

TS 43 −0.09 0.31 −0.16 −0.01 0.018* 0.14 2.11 0.89

TS 44 −0.03 0.31 −0.12 0.05 0.420 0.16 2.20 0.84

TS 45 −0.07 0.31 −0.15 0.01 0.094 0.16 2.25 0.89

TS 46 −0.08 0.31 −0.16 0.00 0.069 0.16 1.52 0.92

UICD −0.21 0.93 −0.46 0.03 0.085 0.48 1.47 0.97

LICD −0.30 1.16 −0.59 0.00 0.052 0.59 2.44 0.94

UIMD 0.06 1.08 −0.21 0.34 0.643 0.52 1.06 0.97

LIMD −0.15 1.47 −0.53 0.23 0.428 0.72 1.69 0.91

UAL −0.61 1.51 −1.01 −0.22 0.004** 0.85 1.21 0.94
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Intraoral scan inter-examiner reproducibility

Main examiner differences 
between first and second

Confidence interval (CI) 
95%

p-value Dahlberg  
(D, mm)

CV (%) ICC

Mean SD Lower limit Upper 
limit

TS 16 0.04 0.41 −0.11 0.19 0.565 0.14 1.44 0.93

TS 15 −0.06 0.58 −0.27 0.15 0.536 0.20 2.92 0.91

TS 14 0.03 0.55 −0.17 0.23 0.738 0.19 2.62 0.80

TS 13 −0.04 0.44 −0.20 0.12 0.583 0.15 1.96 0.95

TS 12 −0.02 0.38 −0.16 0.12 0.758 0.13 1.94 0.97

TS 11 0.00 0.33 −0.12 0.12 1.000 0.11 1.27 0.97

TS 21 0.00 0.36 −0.13 0.13 1.000 0.12 1.43 0.96

TS 22 −0.11 0.52 −0.29 0.08 0.214 0.19 2.81 0.94

TS 23 0.01 0.33 −0.11 0.13 0.859 0.12 1.53 0.97

TS 24 −0.03 0.38 −0.17 0.11 0.647 0.14 1.95 0.92

TS 25 −0.12 0.41 −0.27 0.03 0.104 0.16 2.41 0.94

Intraoral scan intra-examiner reproducibility

Main examiner 
differences between first 
and second

Confidence interval 
(CI) 95%

p-value D Dahlberg 
(mm)

CV (%) ICC

Mean SD Lower  
limit

Upper 
limit

LAL −0.86 2.21 −1.43 −0.29 0.004** 1.22 1.98 0.85

UD 0.07 2.52 −0.58 0.72 0.827 1.21 1.25 0.85

LD −0.28 2.63 −0.96 0.40 0.408 1.29 1.78 0.73

BOLTON 
AR

−0.16 1.94 −0.66 0.34 0.521 0.94 1.19 0.83

BOLTON 
OR

−0.01 1.36 −0.36 0.34 0.954 0.65 0.71 0.82

Main examiner differences, confidence interval (CI) 95%, t-test (p-value), Dahlberg (D), coefficient of variation (CV), and 
intraclass correlation coefficient (ICC).
Tooth sizes (TS), upper (UICD) and lower intercanine distance (LICD), upper (UIMD) and lower intermolar distance 
(LIMD), upper (UAL) and lower arch length (LAL), upper (UD) and lower discrepancy (LD), and Bolton anterior 
(BOLTON AR) and overall ratio (BOLTON OR).
*p < 0.05.
**p < 0.01.

Table 1. Intraoral scan intra-examiner reproducibility.
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Intraoral scan inter-examiner reproducibility

Main examiner differences 
between first and second

Confidence interval (CI) 
95%

p-value Dahlberg  
(D, mm)

CV (%) ICC

Mean SD Lower limit Upper 
limit

TS 26 0.07 0.47 −0.09 0.24 0.373 0.17 1.65 0.89

TS 36 −0.11 0.66 −0.35 0.13 0.326 0.24 2.18 0.85

TS 35 −0.09 0.38 −0.23 0.05 0.193 0.15 2.06 0.89

TS 34 −0.02 0.36 −0.15 0.11 0.735 0.12 1.72 0.93

TS 33 0.01 0.44 −0.15 0.17 0.891 0.15 2.16 0.92

TS 32 0.03 0.44 −0.13 0.19 0.685 0.15 2.59 0.88

TS 31 −0.02 0.44 −0.18 0.14 0.780 0.15 2.79 0.90

TS 41 −0.03 0.49 −0.21 0.15 0.713 0.17 3.15 0.81

TS 42 0.08 0.30 −0.03 0.19 0.137 0.12 2.00 0.91

TS 43 −0.07 0.25 −0.16 0.02 0.111 0.10 1.44 0.97

TS 44 −0.02 0.47 −0.19 0.15 0.801 0.16 2.29 0.90

TS 45 −0.13 0.74 −0.40 0.14 0.311 0.27 3.64 0.70

TS 46 0.12 0.63 −0.11 0.35 0.265 0.23 2.09 0.84

UICD −0.36 1.23 −0.81 0.09 0.105 0.49 0.69 0.99

LICD −0.53 2.82 −1.56 0.50 0.275 1.04 1.69 0.95

UIMD −0.02 3.20 −1.19 1.15 0.970 1.10 1.29 0.88

LIMD −0.27 4.24 −1.82 1.28 0.703 1.47 1.56 0.66

UAL −0.27 3.29 −1.47 0.93 0.622 1.14 3.47 0.90

LAL −0.93 3.72 −2.29 0.43 0.157 1.44 5.87 0.70

UD −0.49 2.44 −1.38 0.40 0.245 0.91 1.82 0.94

LD −0.04 3.40 −1.28 1.20 0.944 1.17 2.71 0.77

BOLTON 
AR

0.30 2.44 −0.59 1.19 0.464 0.86 1.10 0.89

BOLTON 
OR

−0.03 1.45 −0.55 0.50 0.904 0.49 0.53 0.92

Main and second examiner differences, confidence interval (CI) 95%, t-test (p-value), Dahlberg (D), coefficient of 
variation (CV), and intraclass correlation coefficient (ICC).
Tooth sizes (TS), upper (UICD) and lower intercanine distance (LICD), upper (UIMD) and lower intermolar distance 
(LIMD), upper (UAL) and lower arch length (LAL), upper (UD) and lower discrepancy (LD), and Bolton anterior 
(BOLTON AR) and overall ratio (BOLTON OR).

Table 2. Intraoral scan inter-examiner reproducibility.
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Intraoral scan inter-examiner reproducibility

Main examiner differences 
between first and second

Confidence interval (CI) 
95%

p-value Dahlberg  
(D, mm)

CV (%) ICC

Mean SD Lower limit Upper 
limit

TS 16 0.04 0.41 −0.11 0.19 0.565 0.14 1.44 0.93

TS 15 −0.06 0.58 −0.27 0.15 0.536 0.20 2.92 0.91

TS 14 0.03 0.55 −0.17 0.23 0.738 0.19 2.62 0.80

TS 13 −0.04 0.44 −0.20 0.12 0.583 0.15 1.96 0.95

TS 12 −0.02 0.38 −0.16 0.12 0.758 0.13 1.94 0.97

TS 11 0.00 0.33 −0.12 0.12 1.000 0.11 1.27 0.97

TS 21 0.00 0.36 −0.13 0.13 1.000 0.12 1.43 0.96

TS 22 −0.11 0.52 −0.29 0.08 0.214 0.19 2.81 0.94

TS 23 0.01 0.33 −0.11 0.13 0.859 0.12 1.53 0.97

TS 24 −0.03 0.38 −0.17 0.11 0.647 0.14 1.95 0.92

TS 25 −0.12 0.41 −0.27 0.03 0.104 0.16 2.41 0.94

Intraoral scan intra-examiner reproducibility

Main examiner 
differences between first 
and second

Confidence interval 
(CI) 95%

p-value D Dahlberg 
(mm)

CV (%) ICC

Mean SD Lower  
limit

Upper 
limit

LAL −0.86 2.21 −1.43 −0.29 0.004** 1.22 1.98 0.85

UD 0.07 2.52 −0.58 0.72 0.827 1.21 1.25 0.85

LD −0.28 2.63 −0.96 0.40 0.408 1.29 1.78 0.73

BOLTON 
AR

−0.16 1.94 −0.66 0.34 0.521 0.94 1.19 0.83

BOLTON 
OR

−0.01 1.36 −0.36 0.34 0.954 0.65 0.71 0.82

Main examiner differences, confidence interval (CI) 95%, t-test (p-value), Dahlberg (D), coefficient of variation (CV), and 
intraclass correlation coefficient (ICC).
Tooth sizes (TS), upper (UICD) and lower intercanine distance (LICD), upper (UIMD) and lower intermolar distance 
(LIMD), upper (UAL) and lower arch length (LAL), upper (UD) and lower discrepancy (LD), and Bolton anterior 
(BOLTON AR) and overall ratio (BOLTON OR).
*p < 0.05.
**p < 0.01.

Table 1. Intraoral scan intra-examiner reproducibility.
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Intraoral scan inter-examiner reproducibility

Main examiner differences 
between first and second

Confidence interval (CI) 
95%

p-value Dahlberg  
(D, mm)

CV (%) ICC

Mean SD Lower limit Upper 
limit

TS 26 0.07 0.47 −0.09 0.24 0.373 0.17 1.65 0.89

TS 36 −0.11 0.66 −0.35 0.13 0.326 0.24 2.18 0.85

TS 35 −0.09 0.38 −0.23 0.05 0.193 0.15 2.06 0.89

TS 34 −0.02 0.36 −0.15 0.11 0.735 0.12 1.72 0.93

TS 33 0.01 0.44 −0.15 0.17 0.891 0.15 2.16 0.92

TS 32 0.03 0.44 −0.13 0.19 0.685 0.15 2.59 0.88

TS 31 −0.02 0.44 −0.18 0.14 0.780 0.15 2.79 0.90

TS 41 −0.03 0.49 −0.21 0.15 0.713 0.17 3.15 0.81

TS 42 0.08 0.30 −0.03 0.19 0.137 0.12 2.00 0.91

TS 43 −0.07 0.25 −0.16 0.02 0.111 0.10 1.44 0.97

TS 44 −0.02 0.47 −0.19 0.15 0.801 0.16 2.29 0.90

TS 45 −0.13 0.74 −0.40 0.14 0.311 0.27 3.64 0.70

TS 46 0.12 0.63 −0.11 0.35 0.265 0.23 2.09 0.84

UICD −0.36 1.23 −0.81 0.09 0.105 0.49 0.69 0.99

LICD −0.53 2.82 −1.56 0.50 0.275 1.04 1.69 0.95

UIMD −0.02 3.20 −1.19 1.15 0.970 1.10 1.29 0.88

LIMD −0.27 4.24 −1.82 1.28 0.703 1.47 1.56 0.66

UAL −0.27 3.29 −1.47 0.93 0.622 1.14 3.47 0.90

LAL −0.93 3.72 −2.29 0.43 0.157 1.44 5.87 0.70

UD −0.49 2.44 −1.38 0.40 0.245 0.91 1.82 0.94

LD −0.04 3.40 −1.28 1.20 0.944 1.17 2.71 0.77

BOLTON 
AR

0.30 2.44 −0.59 1.19 0.464 0.86 1.10 0.89

BOLTON 
OR

−0.03 1.45 −0.55 0.50 0.904 0.49 0.53 0.92

Main and second examiner differences, confidence interval (CI) 95%, t-test (p-value), Dahlberg (D), coefficient of 
variation (CV), and intraclass correlation coefficient (ICC).
Tooth sizes (TS), upper (UICD) and lower intercanine distance (LICD), upper (UIMD) and lower intermolar distance 
(LIMD), upper (UAL) and lower arch length (LAL), upper (UD) and lower discrepancy (LD), and Bolton anterior 
(BOLTON AR) and overall ratio (BOLTON OR).

Table 2. Intraoral scan inter-examiner reproducibility.
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Differences intraoral scan and 
manual

Confidence interval (CI) 95% p-value

Mean SD Lower limit Upper limit

TS 16 −0.16 0.46 −0.28 −0.04 0.011*

TS 15 −0.06 0.50 −0.18 0.07 0.342

TS 14 0.08 0.35 −0.02 0.17 0.100

TS 13 0.03 0.35 −0.05 0.12 0.420

TS 12 0.08 0.50 −0.05 0.21 0.201

TS 11 0.03 0.31 −0.05 0.11 0.509

TS 21 −0.01 0.39 −0.10 0.09 0.864

TS 22 0.01 0.50 −0.12 0.14 0.854

TS 23 −0.09 0.39 −0.19 0.01 0.075

TS 24 −0.15 0.58 −0.29 0.00 0.042*

TS 25 0.07 0.46 −0.04 0.19 0.209

TS 26 0.07 0.39 −0.04 0.17 0.191

TS 36 0.07 0.35 −0.03 0.16 0.154

TS 35 0.04 0.39 −0.06 0.14 0.447

TS 34 0.02 0.39 −0.08 0.12 0.649

TS 33 −0.03 0.43 −0.13 0.08 0.613

TS 32 0.02 0.35 −0.07 0.11 0.698

TS 31 −0.03 0.23 −0.10 0.03 0.328

TS 41 −0.06 0.31 −0.14 0.02 0.159

TS 42 0.00 0.31 −0.09 0.08 0.907

TS 43 −0.07 0.31 −0.15 0.01 0.090

TS 44 0.10 0.35 0.00 0.19 0.037*

TS 45 0.02 0.39 −0.09 0.12 0.751

TS 46 0.13 0.39 0.04 0.23 0.007**

UICD 0.02 1.63 −0.39 0.44 0.906

LICD −0.34 2.25 −0.91 0.24 0.244

UIMD −0.44 2.25 −1.02 0.14 0.131

LIMD 0.09 2.13 −0.46 0.64 0.745

UAL 0.58 2.01 0.06 1.10 0.029*

LAL 0.97 3.83 −0.02 1.96 0.054

UD 0.59 1.86 0.11 1.07 0.017*

LD 0.97 3.60 0.03 1.90 0.044*

Dental Anatomy170

4.2.2. Model 2: intercanine (ICD) and intermolar distances (IMD)

This model represents 240 pairs of measurements. The graph shows two lines almost super-
imposed over one another, which are compatible with the hypothesis of agreement between 
measurements and so the validity of the scanning method (Figure 3).

Differences intraoral scan and 
manual

Confidence interval (CI) 95% p-value

Mean SD Lower limit Upper limit

BOLTON AR −0.46 2.56 −1.12 0.20 0.163

BOLTON OR 0.32 1.86 −0.17 0.80 0.194

CI 95% and t-test (p-value).
Tooth sizes (TS), upper (UICD) and lower intercanine distance (LICD), upper (UIMD) and lower intermolar distance 
(LIMD), upper (UAL) and lower arch length (LAL), upper (UD) and lower discrepancy (LD), and Bolton anterior 
(BOLTON AR) and overall ratio (BOLTON OR).
*p < 0.05.
**p < 0.01.

Table 3. Differences between intraoral scan and manual method.

Linear regression model intraoral scan/manual method R2 Dependent (CI 95%) Constant (CI 95%)

Model 1: TS 0.968 0.995 (0.982–1.008) 0.043 (−0.059 to 0.144)

Model 2: ICD and IMD 0.871 0.900 (0.809–0.991) 7.348 (1.363–13.33)

Model 3: AL 0.979 0.978 (0.952–1.005) 0.644 (−0.371 to 1.659)

Model 4: D 0.548 0.690 (0.525–0.854) −0.449 (−1.250 to 0.351)

Model 5: BOLTON 0.949 1.034 (0.971–1.098) −3.014 (−8.423 to 2.396)

Model 6: All measurements 0.998 1.000 (0.997–1.002) 0.073 (−0.005 to 0.150)

Value R2 and dependent and constant confidence interval (CI) 95%. Teeth sizes (TS), intercanine distances (ICD), 
intermolar distances (IMD), arch length (AL), discrepancy (D), and Bolton ratios (BOLTON).

Table 4. Six linear regression models between intraoral scan and manual method.

Figure 3. Five linear regression models using the scanner vs. traditional method: (1) teeth sizes; (2) intercanine and 
intermolar width; (3) arch discrepancy; (4) teeth discrepancy; and (5) anterior and total Bolton index.
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Differences intraoral scan and 
manual

Confidence interval (CI) 95% p-value

Mean SD Lower limit Upper limit

TS 16 −0.16 0.46 −0.28 −0.04 0.011*

TS 15 −0.06 0.50 −0.18 0.07 0.342

TS 14 0.08 0.35 −0.02 0.17 0.100

TS 13 0.03 0.35 −0.05 0.12 0.420

TS 12 0.08 0.50 −0.05 0.21 0.201

TS 11 0.03 0.31 −0.05 0.11 0.509

TS 21 −0.01 0.39 −0.10 0.09 0.864

TS 22 0.01 0.50 −0.12 0.14 0.854

TS 23 −0.09 0.39 −0.19 0.01 0.075

TS 24 −0.15 0.58 −0.29 0.00 0.042*

TS 25 0.07 0.46 −0.04 0.19 0.209

TS 26 0.07 0.39 −0.04 0.17 0.191

TS 36 0.07 0.35 −0.03 0.16 0.154

TS 35 0.04 0.39 −0.06 0.14 0.447

TS 34 0.02 0.39 −0.08 0.12 0.649

TS 33 −0.03 0.43 −0.13 0.08 0.613

TS 32 0.02 0.35 −0.07 0.11 0.698

TS 31 −0.03 0.23 −0.10 0.03 0.328

TS 41 −0.06 0.31 −0.14 0.02 0.159

TS 42 0.00 0.31 −0.09 0.08 0.907

TS 43 −0.07 0.31 −0.15 0.01 0.090

TS 44 0.10 0.35 0.00 0.19 0.037*

TS 45 0.02 0.39 −0.09 0.12 0.751

TS 46 0.13 0.39 0.04 0.23 0.007**

UICD 0.02 1.63 −0.39 0.44 0.906

LICD −0.34 2.25 −0.91 0.24 0.244

UIMD −0.44 2.25 −1.02 0.14 0.131

LIMD 0.09 2.13 −0.46 0.64 0.745

UAL 0.58 2.01 0.06 1.10 0.029*

LAL 0.97 3.83 −0.02 1.96 0.054

UD 0.59 1.86 0.11 1.07 0.017*

LD 0.97 3.60 0.03 1.90 0.044*
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4.2.2. Model 2: intercanine (ICD) and intermolar distances (IMD)

This model represents 240 pairs of measurements. The graph shows two lines almost super-
imposed over one another, which are compatible with the hypothesis of agreement between 
measurements and so the validity of the scanning method (Figure 3).

Differences intraoral scan and 
manual

Confidence interval (CI) 95% p-value

Mean SD Lower limit Upper limit

BOLTON AR −0.46 2.56 −1.12 0.20 0.163

BOLTON OR 0.32 1.86 −0.17 0.80 0.194

CI 95% and t-test (p-value).
Tooth sizes (TS), upper (UICD) and lower intercanine distance (LICD), upper (UIMD) and lower intermolar distance 
(LIMD), upper (UAL) and lower arch length (LAL), upper (UD) and lower discrepancy (LD), and Bolton anterior 
(BOLTON AR) and overall ratio (BOLTON OR).
*p < 0.05.
**p < 0.01.

Table 3. Differences between intraoral scan and manual method.

Linear regression model intraoral scan/manual method R2 Dependent (CI 95%) Constant (CI 95%)

Model 1: TS 0.968 0.995 (0.982–1.008) 0.043 (−0.059 to 0.144)

Model 2: ICD and IMD 0.871 0.900 (0.809–0.991) 7.348 (1.363–13.33)

Model 3: AL 0.979 0.978 (0.952–1.005) 0.644 (−0.371 to 1.659)

Model 4: D 0.548 0.690 (0.525–0.854) −0.449 (−1.250 to 0.351)

Model 5: BOLTON 0.949 1.034 (0.971–1.098) −3.014 (−8.423 to 2.396)

Model 6: All measurements 0.998 1.000 (0.997–1.002) 0.073 (−0.005 to 0.150)

Value R2 and dependent and constant confidence interval (CI) 95%. Teeth sizes (TS), intercanine distances (ICD), 
intermolar distances (IMD), arch length (AL), discrepancy (D), and Bolton ratios (BOLTON).

Table 4. Six linear regression models between intraoral scan and manual method.

Figure 3. Five linear regression models using the scanner vs. traditional method: (1) teeth sizes; (2) intercanine and 
intermolar width; (3) arch discrepancy; (4) teeth discrepancy; and (5) anterior and total Bolton index.
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4.2.3. Model 3: arch length (AL)

The model represents 120 pairs of arch length measurements. The linear regression line lies 
above the theoretical line y = x, indicating a slight differences in the dependent variable. This 
outcome coincides with the analysis described above, that arch length measurements were 
overestimated by the scanning method (Figure 3).

4.2.4. Model 4: discrepancies (D)

The model represents 120 pairs of measurements. The regression line is above the main diago-
nal coinciding with the analysis described above that arch length measurements were over-
estimated by the scanning method. Given that discrepancy was calculated as the difference 
between arch length and the sum of a series of tooth sizes and as the validity of tooth size 
measurement has already been established, the discrepancy must be the outcome of imprecise 
arch length measurements (Figure 3).

Figure 4. Linear regression models using the scanner vs. traditional method for all the measurements together.

Dental Anatomy172

4.2.5. Model 5: anterior and overall Bolton ratios

For Bolton ratios, the graph shows the two lines almost coinciding, which is compatible with 
the hypothesis of agreement between sets of measurements and so the validity of the mea-
surement method with intraoral scanning.

Intervals of the dependent and constant included 1 and 0, respectively, and so the validity of 
the measurement method with scanner was accepted (Figure 3).

4.2.6. Model 6: all parameters together

As a synthesis of all the data, this estimated model combined measurement data for all 
parameters obtaining almost perfect correlation (R2 = 0.998), although this was not sufficient 
to accept the validity of the scanner. However, on the basis of the values of the dependent and 
constant and their respective intervals, it may be concluded that the measurement method 
using the intraoral scanner is generally valid, in spite of sporadic differences in arch length 
measurement and oseodental discrepancy (Figure 4).

5. Discussion

Section 4.1 examined intra- and inter-examiner reproducibility of the scanning method using 
the Itero intraoral scanner.

Regarding intra-examiner reproducibility of the scanning method using the Itero intraoral 
scanner, as other authors have found [11, 16, 18, 20], all the data obtained could be interpreted 
as highly reproducible. However, for arch length measurement, some bias occurred between 
the repeated sets of measurements. Regarding teeth sizes (TS), it was seen that the closer to zero 
the mean mesiodistal size and standard deviation, the more reproducible the measurement 
method. A tendency to register higher values in the second set of measurements of dental 
sizes was noted for most values (negative differences). In 2013, some authors [1] argued that 
differences of less than 0.2 mm in tooth sizes could be considered clinically insignificant, 
although these differences are statistically significant. The coefficients of variation (CV) for 
most tooth sizes were below 2.5% and considered very good. Intraclass correlation coeffi-
cients (CCI) for all tooth sizes pointed to a very good level of intra-examiner reproducibil-
ity, as confirmed by other authors [11, 16, 18, 20]. Regarding intercanine (ICD) and intermolar 
distances (IMD) and arch length (AL), greater differences were found in arch lengths than in 
intercanine and intermolar distances, these results being similar to those of Jacob et al. [18]. 
Likewise, other authors [33] affirmed that, although statistically significant, errors of less than 
0.20 mm are not clinically significant. These results are similar to studies by Naidu et al. [16] 
and Grünheid et al. [17]. Arch length, intercanine, and intermolar distance measurements 
showed very low CV, all below 2%, indicating good reproducibility. Finally, CCIs were over 
0.70, coinciding with other author [34] who considered that CCIs over 0.75 signified excellent 
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reproducibility; in other words, the present study obtained slightly lower CCIs pointing to a 
fairly high level of reproducibility. Regarding Anterior and overall Bolton ratio (BOLTON A,O), 
all data demonstrated high reproducibility.

Regarding inter-examiner reproducibility of the scanning method using the Itero intraoral scan-
ner, all the data obtained could be interpreted as highly reproducible. In fact, intra-examiner anal-
ysis did not detect any loss of reproducibility between sets of measurements, which shows that 
the measurement methods compared function independently of the examiner performing them.

Regarding teeth sizes (TS), mean differences showed a tendency to be negative. However, all 
confidence intervals for mean differences contained a zero; in other words, any bias, when it 
existed, was unappreciable in statistical terms. Dahlberg error, D, showed values below 0.25 mm 
for most dental size measurements, a finding that concurs with Wiranto et al. [1]. All tooth sizes 
except one were below 3.5%. Intraclass correlation coefficients presented values above 0.65 in 
all cases, whereas values above 0.90 were not unusual, indicating fairly high reproducibility.

Regarding intercanine (ICD) and intermolar distance (IMD) and arch length (AL), values remained 
below 1.50 mm, an acceptable range, showing quite low coefficients of variance. Regarding 
anterior and overall Bolton ratio (BOLTON A, O), Bolton ratios were found to be below 1 mm. 
In a study by Wiranto et al. [1], differences reached 1.5 mm using the LAVA C.O.S intraoral 
scanner, but the authors considered that, although statistically significant, these differences 
were clinically insignificant. In relative terms, the CV was below 3.0% for most parameters.

Section 4.2 investigated the validity of intraoral scanning in comparison with manual mea-
surement (considered the “Gold Standard”) by means of two analyses.

The first analysis compared average values obtained for each parameter using the two meth-
ods to determine whether the intraoral scanning method can be considered valid. Regarding 
teeth sizes, almost no differences were found, and the few systematic errors identified were 
the exception rather than the rule. Slight variations also occurred in a study by some authors 
[16], in which the authors explained by the fact that rotations present in round-shaped teeth, 
such as upper molars, premolars or canines, mean that for the intraoral scanning method, 
there is no physical barrier for positioning the measurement points, leading to statistically 
significant variations in comparisons of the two methods.

For intercanine and intermolar distances, similar results were obtained with both methods.

But, for arch length measurement, statistical analysis detected significant differences between 
scanning and manual measurement, whereby the scanning method overestimated dimen-
sions. So, comparing the arch length measurements obtained manually with those obtained 
by scanning, neither the dependent variable could be accepted as 1 nor the constant as 0. 
In other words, the scanner overestimated arch length and even more so when measuring 
individuals with smaller arch dimensions. Some authors [35] also observed significant dif-
ferences in data obtained for this variable in their comparison of measurements taken from 
plaster models and from digital models, whereby digital models overestimated arch length. 
This was somewhat similar to others [13], who compared measurements taken from digital 
models obtained using a tabletop scanner with measurements taken from plaster models. 
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Some authors [36] attributed these variations to the difficulty of measuring 3D models on a 2D 
computer screen. Others [7] made a similar argument, affirming that interpreting anatomical 
structures to determine arch length from a 2D visualization of a digital model is much more 
complex than measuring a physical model. This was also pointed out by others [1].

The second analysis grouped the measurements obtained for each parameter, applying six 
regression models. In this model, tooth sizes made up 720 of 1020 pairs (70.5%) representing 
considerable weight, a situation that coincides with observations made by some authors [18, 33].

6. Conclusions

The intra- and inter-examiner reproducibility of both methods can be qualified as high, both 
in terms of systematic components and random error, although the manual method showed 
itself to be slightly more reproducible than intraoral scanning.

• The overall validity of intraoral scanning is acceptable for measuring dental parameters in 
comparison with the manual method or “Gold Standard.”

• The maximum agreement between the two methods was obtained when measuring mesio-
distal tooth sizes, whereas the minimum agreement was obtained in arch length measure-
ment and oseodental discrepancies, whereby intraoral scanning tended to overestimate 
measurements compared with the manual method.
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reproducibility; in other words, the present study obtained slightly lower CCIs pointing to a 
fairly high level of reproducibility. Regarding Anterior and overall Bolton ratio (BOLTON A,O), 
all data demonstrated high reproducibility.

Regarding inter-examiner reproducibility of the scanning method using the Itero intraoral scan-
ner, all the data obtained could be interpreted as highly reproducible. In fact, intra-examiner anal-
ysis did not detect any loss of reproducibility between sets of measurements, which shows that 
the measurement methods compared function independently of the examiner performing them.

Regarding teeth sizes (TS), mean differences showed a tendency to be negative. However, all 
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Abstract

Unlike the other teeth, the permanent lower central incisors have great symmetry 
between the proximal surfaces, being difficult to distinguish them. It was intended to 
facilitate the study of the anatomy of the lower central incisor for dentistry students, 
that this study searched for a better way to differentiate the third quadrant element (31) 
from the fourth quadrant element (41). The purpose of this chapter was to evaluate 100 
permanent lower central incisors of the didactic collection of the Discipline of Anatomy 
of the Department of Morphology of the School of Dentistry of Araraquara - UNESP 
and to verify the presence of correlation between the some anatomical features. Besides, 
it was evaluated if there was difference between 31 and 41. It was verified that the sys-
tematic methodology used for the evaluation of the incisors in this study facilitated the 
identification of the teeth. There was no statistically significant difference between the 
measurements of 31 and 41. Distinguishing the right from the left central incisor is dif-
ficult, even for experienced practitioners. We could observe that the measurements do 
not facilitate the identification of teeth of different quadrants. Therefore, the anatomical 
features are relevant for the study of the dental anatomy in the identification of the lower 
central incisors.

Keywords: dental anatomy, lower central incisor, dental crown, dental root, tooth 
morphology

1. Introduction

In dentistry, it is essential to have a wide knowledge of the dental anatomy. The study of 
basic anatomical characteristics combined with the extensive knowledge about the richness 
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of details present in a single tooth is the factor that can differentiate a high-level dentist from 
other professionals.

In esthetic procedures, where there is a great need to know the morphology of each tooth, 
we have the anterior dental teeth acting as protagonists. Incisors and canines are the group 
of teeth that require most attention of dentists, since alterations in their anatomical structures 
are easy to perceive.

In this chapter, there is a search for a better understanding of the external shape and appear-
ance of one of these components: the permanent lower central incisors.

It is already known that, unlike the other teeth, the permanent lower central incisors have their 
mesial surface shorter or equal compared to the distal surface (if observed by their free sur-
faces), converging to the cervix of the teeth [1]. Although being almost equal to the proximal 
surfaces, the distal one is more convex and with a clearer configuration. The mesial surface, 
on the other hand, is smaller (at least in weary teeth) and less inclined than the distal surface 
[1]. However, there is great symmetry between both surfaces of the permanent lower central 
incisor, with a tendency to parallelism, being difficult to distinguish the proximal surfaces [2]. 
Another feature that hinders the identification of the proximal surfaces is the intersection of 
the incisal margin with the mesial and distal margins of the proximal surfaces. This intersec-
tion occurs at almost right, very little rounded, or not rounded angles [2, 3].

The deciduous lower central incisor differs from the deciduous lower lateral incisor mainly 
because of the size, since the lateral incisor is larger than the central incisor. This difference in 
size is, in many people, more pronounced in deciduous than in permanent teeth [4].

The teeth that may be confused with the permanent lower central incisors during the individual 
study in dental anatomy classes are the permanent lower lateral incisors. However, the lower 
lateral incisor is slightly larger in all dimensions [2]. Its crown is not symmetrical bilaterally as 
the one of the central incisor [5]. Its proximal surfaces present greater convergence to the cervix, 
and the mesial surface is slightly higher than the distal one [1, 2, 5]. The almost right angles 
observed on the permanent lower central incisors are not present on the lateral incisors, but 
they have a distoincisal angle more rounded and obtuse [1, 2, 5]. The most significant difference 
between the permanent lower incisors is the projection of the distoincisal angle to the lingual 
surface of the lateral incisors, because the incisal edge is rotated to the distal-lingual direc-
tion. The cingulum, located on the lingual surface, also accompanies the edge rotation, with its 
greater prominence slightly distal. With respect to the roots, the lower lateral incisors present 
them longer, more robust, and with deeper grooves, with the apex angled to distal [2, 5].

Due to the absence of sufficient wear to alter the dental structure, in newly erupted teeth, the 
mesial surface is still larger than the distal one, although this condition is transient and, over 
time, the situation is reversed, since wear is more pronounced in the mesial part of the incisal 
margin [1, 2].

According to Madeira and Rizzolo [2], the cervical line describes a very closed curve, which 
extends incisally up to one-third of the length of the crown and is even more closed on the 
mesial side.

Dental Anatomy180

It was intended to facilitate the study of the anatomy of the lower central incisor for dentistry 
students that this study searched for a better way to differentiate the third quadrant element 
(31—permanent left lower central incisor) from the fourth quadrant element (41—permanent 
right lower central incisor).

This chapter had as a purpose to evaluate permanent lower central incisors of the didactic 
collection of the Discipline of Anatomy, Department of Morphology, School of Dentistry of 
Araraquara, São Paulo State University (UNESP) and to verify the presence of correlation 
between the structures mentioned below: proximal surface with the smallest cervical-incisal 
dimension, mesio-incisal and disto-incisal angles, cervical line on the proximal surfaces, the 
flattest proximal surface in the cervix region, root grooves, and root apex, intending to iden-
tify the proximal surfaces by those structures. Measurements of the cervical-incisal dimension 
of the crown, the root length, mesio-distal dimension of the crown and root, buccolingual 
dimension of the crown and root, and total tooth length were made. Besides, it was evaluated 
whether there was difference between 31 and 41.

2. Methodology

This project was approved by the Ethics Committee of the School of Dentistry of Araraquara, 
São Paulo State University (UNESP) (CAAE 61522516.2.0000.5416).

One hundred permanent lower central incisors, with no information about sex and age, were 
evaluated, and those belong to the collection of the Laboratory of Anatomy of the Department 
of Morphology of the São Paulo State University (UNESP), School of Dentistry, Araraquara 
were evaluated. The teeth were cleaned with dental instruments and solution of hydrogen 
peroxide and ammonium hydroxide. The teeth were stored dry, without any solutions, in 
glass containers. Those teeth are routinely used in the dental anatomy classes.

The proximal faces were randomly determined with the letters A and B, and the following 
structures were evaluated by visual method:

1. Proximal surface with the smallest cervical-incisal dimension: A, B, or W (without identifi-
cation, when no difference was observed between A and B).

2. The most pointed incisal angle: A, B, or W.

3. The greatest curvature of the cervical line: A, B, or W.

4. The flattest proximal surface in the cervix region: A, B, or W.

5. Surface with less deep root groove or a more convex surface: A, B or S.

6. Angulation of the root apex: A, B, or R (rectilinear).

Each tooth was identified by a number. The teeth were evaluated by two experienced anat-
omy professors who checked, at the same time, the classifications and reached a consensus.
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From the evaluated features, the teeth were identified as 31 or 41 by the sum of the features 
observed in each surface, their association, and the most striking structures. The professors 
also classified the identification of the incisors as easy, moderate difficulty, and difficult, and 
they noted which features were considered to make the identification.

Subsequently, measurements were made on the same teeth by a single examiner using a digi-
tal caliper (Mitutoyo® Sul Americana LTDA).

The following measurements were performed:

• Measurement of the cervical-incisal dimension of the crown (CIC): measurement from the 
cervical line to the incisal edge made on the buccal surface.

• Measurement of the root length (RL): measurement of the most cervical region of the cervi-
cal line up to the root apex made on the buccal surface.

• Measurement of the mesio-distal dimension of the crown (MDC): measurement on the 
incisal edge of the crown made on the buccal surface.

• Measurement of the mesio-distal dimension of the root (MDR): measurement between the 
mesial and distal root surfaces in the dental cervix made on the buccal surface.

• Measurement of the buccolingual dimension of the crown (BLC): measurement between 
the buccal and lingual surfaces of the crown in the dental cervix made on the mesial 
surface.

• Measurement of the buccolingual dimension of the root (BLR): measurement between 
the buccal and lingual surfaces of the root in the dental cervix made on the mesial 
surface.

The measurement of total tooth length (TL) was obtained by the sum of the cervical-incisal 
dimension of the crown (CIC) and the measurement of the root length (RL).

Descriptive statistics was performed. The t-test was applied to evaluate the relation 
between the right lower first premolars and the left lower first premolars. A correlation 
study was performed using the Pearson correlation coefficient (r) among the six evaluated 
features.

3. Results

Table 1 presents the mean, the minimum, and maximum values of the measurements made 
on 31 and 41. There was no statistically significant difference between the measurements 
made on 31 and 41 (p > 0.05; t-test; Table 1).

As there was no significant difference between 31 and 41, the measurements were presented 
together, without considering the sides.

The mean, the minimum, and maximum values of the measurements of all evaluated lower 
central incisors are shown in Table 2.
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From the 100 permanent lower central incisors, one was not classified as 31 or 41, because the 
two professors considered more appropriate not to classify it due to the features presented of 
the tooth and the difficulty in identifying it.

Table 3 shows the frequency of the anatomical features observed on the lower inferior central 
incisors.

Measurements 31 41 p

CIC

Minimum 10.6 7.9

Maximum 15.7 11.3

Mean 9.4 9.3 0.4315

RL

Minimum 10.6 8.5

Maximum 15.7 15.1

Mean 12.9 12.5 0.2167

MDC

Minimum 4.4 4.7

Maximum 6.3 5.9

Mean 5.4 5.3 0.5

MDR

Minimum 3.1 3.1

Maximum 4.5 5.6

Mean 3.5 3.6 0.8224

BLC

Minimum 4.7 5.0

Maximum 7.0 6.7

Mean 5.8 5.8 0.8035

BLR

Minimum 4.6 4.8

Maximum 6.7 6.5

Mean 5.7 5.7 0.5133

TL

Minimum 19.4 16.7

Maximum 26.2 24.8

Mean 22.2 21.8 0.1366

Table 1. Mean, minimum, and maximum values of the measurements (mm) made on 31 and 41.
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As there was no significant difference between 31 and 41, the measurements were presented 
together, without considering the sides.

The mean, the minimum, and maximum values of the measurements of all evaluated lower 
central incisors are shown in Table 2.
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From the 100 permanent lower central incisors, one was not classified as 31 or 41, because the 
two professors considered more appropriate not to classify it due to the features presented of 
the tooth and the difficulty in identifying it.

Table 3 shows the frequency of the anatomical features observed on the lower inferior central 
incisors.

Measurements 31 41 p

CIC

Minimum 10.6 7.9

Maximum 15.7 11.3

Mean 9.4 9.3 0.4315

RL

Minimum 10.6 8.5

Maximum 15.7 15.1

Mean 12.9 12.5 0.2167

MDC

Minimum 4.4 4.7

Maximum 6.3 5.9

Mean 5.4 5.3 0.5

MDR

Minimum 3.1 3.1

Maximum 4.5 5.6

Mean 3.5 3.6 0.8224

BLC

Minimum 4.7 5.0

Maximum 7.0 6.7

Mean 5.8 5.8 0.8035

BLR

Minimum 4.6 4.8

Maximum 6.7 6.5

Mean 5.7 5.7 0.5133

TL

Minimum 19.4 16.7

Maximum 26.2 24.8

Mean 22.2 21.8 0.1366

Table 1. Mean, minimum, and maximum values of the measurements (mm) made on 31 and 41.
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Anatomical features Frequency %

Proximal surface with the smallest cervical-incisal dimension

Mesial 57 57.6

Distal 28 28.3

Without identification 14 14.1

Total 99 100

The most pointed incisal angle

Mesial 55 55.6

Distal 22 22.2

Without identification 22 22.2

Total 99 100

Proximal surface with the greatest curvature of the cervical line

Mesial 51 51.5

Distal 23 23.2

Without identification 25 25.3

Total 99 100

The flattest proximal surface

Mesial 65 65.7

Distal 17 17.2

Without identification 17 17.2

Total 99 100

Surface with less deep root groove or a more convex surface

Mesial 74 74.7

Distal 15 15.2

N Minimum Maximum Mean

CIC 100 7.6 11.7 9.3

RL 100 8.5 15.7 12.7

MDC 100 4.4 6.3 5.3

MDR 100 3.1 5.6 3.6

BLC 100 4.7 7.4 5.8

BLR 100 4.6 6.7 5.7

CTD 100 16.7 26.2 22.0

Table 2. Mean, minimum, and maximum values of the measurements (mm) made on the lower central incisors.
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4. Discussion

The professors verified that the most pointed incisal angle did not show reliability in the 
selection of the features for the identification of the proximal surfaces. Therefore, it was not 
included in the sum of the features for decision making. According to Madeira and Rizzolo 
[2], the incisal angles are almost right, very little rounded, or not rounded.

Thirty-one teeth were considered easy to identify by the anatomy professors, 22 were consid-
ered moderate difficulty, and 46 teeth were considered difficult to classify.

From the 31 teeth considered easy to classify, 19 incisors were identified by adding and asso-
ciating 4 features, 8 by 3 features, and 4 by 5 features. From the 22 teeth considered with mod-
erate difficulty, 13 were identified by 3 features, 7 by 2 features, and 2 by 4 features. From the 
difficult teeth, 29 incisors were identified by 2 features, 8 by 3 features, 2 by 4 features, and 7 
teeth only by 1 feature.

From the teeth considered easy, most of them were chosen by adding the shortest proximal 
surface feature to the root features (surface with less deep root groove or a more convex 
surface and the angulation of the root apex), associated or not to the proximal surface with a 
cervical line with the greatest curvature, or a flatter proximal surface. Therefore, it was veri-
fied that the more items found which characterize a certain proximal surface according to the 
literature, the easier it becomes to identify them. Only five teeth from the 31 considered easy 
to identify, the shortest proximal surface did not help the identification of the proximal sur-
faces, and no root features were observed for the identification of four incisors.

The identification of the teeth became more difficult, when one or more features were con-
trary to the others or when it was not possible to verify differences between the surfaces. 
Therefore, the professors took into account the most striking elements.

The mesial surface presented the smallest cervical-incisal dimension in 57 teeth (Figures 1 
and 2), followed by the distal surface (28), and 14 incisors the incisal edge was rectilinear, with 
mesial and distal surfaces with similar cervical-incisal dimension (Figure 2 and Table 3). The 

Anatomical features Frequency %

Without identification 10 10.1

Total 99 100

Angulation of the root apex

Mesial 6 6.1

Distal 35 35.4

Rectilinear 58 58.6

Total 99 100

Table 3. Frequency of the anatomical features observed on the lower inferior central incisors.
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fied that the more items found which characterize a certain proximal surface according to the 
literature, the easier it becomes to identify them. Only five teeth from the 31 considered easy 
to identify, the shortest proximal surface did not help the identification of the proximal sur-
faces, and no root features were observed for the identification of four incisors.

The identification of the teeth became more difficult, when one or more features were con-
trary to the others or when it was not possible to verify differences between the surfaces. 
Therefore, the professors took into account the most striking elements.
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Figure 1. Tooth 31 presenting the mesial surface with smaller cervical-incisal dimension compared to the distal surface.

Figure 2. Permanent lower central incisors. (A) Rectilinear incisal edge, (B) incisor with the distal surface with smaller 
cervical-incisal dimension, and (C) incisor with the mesial surface with smaller cervical-incisal dimension.
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mesial edge of the buccal surface is usually smaller than the distal one (the inverse of what 
is observed on the other teeth) because the wear is more pronounced on the mesial half of 
the incisal edge [1, 6]. Due to the wear, a beveled shape is identified in the incisal edge of the 
mesial surface, which extends through the buccal surface [1, 2, 7]. The incisal edge is rectilin-
ear and obliquely directed, from top to bottom, in the disto-mesial direction (at least in the 
teeth with certain wear); the mesial angle becomes more obtuse and the distal one becomes 
more acute [1]. Possibly, due to the presence of wear, it was observed in the present study 
that the most pointed incisal angle was the mesial one (55 incisors; Table 3). Pagano et al. [7] 
reported that the mesial and distal angles are slightly rounded or acute, with no significant 
differences between them.

The cervical line presents a greatest curvature on the mesial surface according to Madeira and 
Rizzolo [2]. This feature was verified in 51.5% of the teeth in this study (Figure 3; Table 3).

According to Picosse [6], the distal edge of the buccal surface is more angled, but it is difficult to 
notice. Della Serra and Ferreira [1] reported that the mesial surface is smaller and less inclined 
than the distal one. In the present study, it was observed that the distal surface was more inclined 
compared to the mesial surface, this being the flattest one (65.7%) (Figure 4 and Table 3).

Regarding the root grooves, the authors have reported that the lower central incisors have 
evident longitudinal grooves, the distal groove being the deepest one [2–4, 8]. In the present 

Figure 3. Permanent lower central incisors. (A) The cervical line presents a greatest curvature on the mesial surface. (B) The 
cervical line presents a smaller curvature on the distal surface.
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According to Picosse [6], the distal edge of the buccal surface is more angled, but it is difficult to 
notice. Della Serra and Ferreira [1] reported that the mesial surface is smaller and less inclined 
than the distal one. In the present study, it was observed that the distal surface was more inclined 
compared to the mesial surface, this being the flattest one (65.7%) (Figure 4 and Table 3).
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study, it was observed that the distal groove was the deepest one in many teeth. The mesial 
surface of the roots presented less deep grooves or a more convex surface (74.7%). However, 
the deepest groove was the mesial one on 15 teeth, and no difference was observed between 
the surfaces on 10 incisors (Table 3). According to Picosse [6], some teeth present the grooves 
so evident that they can separate the root, partially or totally, into two buccal and lingual 
segments. This feature described by Picosse [6] was not observed in any lower incisors of this 
study. Sanchez et al. [9] evaluated the presence of root concavities in the lower central inci-
sors, improving the knowledge of tooth root morphology to result in a correct instrumentation 
and subsequent success in periodontal treatment. The authors observed that these concavities 
were present in 100% of the sample and were deeper and wider in the distal surface than in 
the mesial surface of the root. This feature coincides with the presence of deeper root grooves 
in the distal surface, already reported in the literature and also found in this study (Figure 5).

With the objective of understanding the morphology of the grooves present in the proximal 
surfaces of the roots of the upper and lower anterior teeth and its effect on the loss of peri-
odontal insertion, Kaur et al. [10] evaluated 300 proximal surfaces of 150 teeth. The preva-
lence of proximal root grooves was 86.67%. The prevalence of grooves on maxillary teeth was 
43.42% and on mandibular teeth was 56.67%. In mandibular teeth, it was 88% for mandibular 
central incisor, 90% for mandibular lateral incisor, and 80% for mandibular canines. Of the 

Figure 4. Permanent lower central incisor. (A) Mesial surface is flatter than the distal surface in the cervix region.
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total 300 surfaces that were examined, 228 had grooves, of which 110 (48.24%) were mesial 
and 118 (51.75%) were distal. The mean width for maxillary central incisor and mandibular 
incisors was seen to be 1.97 mm and 2.20 mm, respectively. It was observed that the loss of 
periodontal insertion was higher in teeth that had root grooves than those that did not had 
grooves, and teeth with deeper grooves presented greater loss. The observations made in the 
study also support the hypothesis that proximal root grooves when present play a significant 
role in the loss of attachment.

Madeira and Rizzolo [2] describe the root of the lower central incisor as rectilinear, with no 
angulation. However, anatomical variation is observed in teeth and also in other anatomi-
cal structures. In this study, the root was rectilinear in 58.6% of the lower central incisors; in 
35.4%, the root apex was angled to distal, which would not be an uncommon situation; and in 
6.1%, there was a mesial inclination of the root apex (Figure 6 and Table 3). According to Della 
Serra and Ferreira [1], the root inclines to the distal approximately one degree, as well as for 
Figun and Garino [8], who reported that there is a slight radicular deviation to the distal side. 
Della Serra and Ferreira [1] cited a study in which rectilinear roots were observed in 66.7% of 
the lower central incisors, 12.5% presented an angled distal root apex, 2% presented an angled 
mesial root apex, and in 18.8%, the root apices were inclined to the buccal side. In the present 
study, no inclination to the buccal side of the root apex was observed.

In this study, we evaluated the measurement of the cervical-incisal dimension of the crown 
(CIC). The mean value was 9.3 mm (ranging from 7.6 to 11.7 mm; Table 2). Della Serra and 
Ferreira [1] cited a variation from 6.7 to 11.5 mm, and Woelfel and Scheid [5] found a  minimum 

Figure 5. Permanent lower central incisor. (A) Mesial surface with a shallow root groove and (B) distal surface with a 
deeper root groove.
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study, it was observed that the distal groove was the deepest one in many teeth. The mesial 
surface of the roots presented less deep grooves or a more convex surface (74.7%). However, 
the deepest groove was the mesial one on 15 teeth, and no difference was observed between 
the surfaces on 10 incisors (Table 3). According to Picosse [6], some teeth present the grooves 
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segments. This feature described by Picosse [6] was not observed in any lower incisors of this 
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and subsequent success in periodontal treatment. The authors observed that these concavities 
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the mesial surface of the root. This feature coincides with the presence of deeper root grooves 
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total 300 surfaces that were examined, 228 had grooves, of which 110 (48.24%) were mesial 
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incisors was seen to be 1.97 mm and 2.20 mm, respectively. It was observed that the loss of 
periodontal insertion was higher in teeth that had root grooves than those that did not had 
grooves, and teeth with deeper grooves presented greater loss. The observations made in the 
study also support the hypothesis that proximal root grooves when present play a significant 
role in the loss of attachment.

Madeira and Rizzolo [2] describe the root of the lower central incisor as rectilinear, with no 
angulation. However, anatomical variation is observed in teeth and also in other anatomi-
cal structures. In this study, the root was rectilinear in 58.6% of the lower central incisors; in 
35.4%, the root apex was angled to distal, which would not be an uncommon situation; and in 
6.1%, there was a mesial inclination of the root apex (Figure 6 and Table 3). According to Della 
Serra and Ferreira [1], the root inclines to the distal approximately one degree, as well as for 
Figun and Garino [8], who reported that there is a slight radicular deviation to the distal side. 
Della Serra and Ferreira [1] cited a study in which rectilinear roots were observed in 66.7% of 
the lower central incisors, 12.5% presented an angled distal root apex, 2% presented an angled 
mesial root apex, and in 18.8%, the root apices were inclined to the buccal side. In the present 
study, no inclination to the buccal side of the root apex was observed.

In this study, we evaluated the measurement of the cervical-incisal dimension of the crown 
(CIC). The mean value was 9.3 mm (ranging from 7.6 to 11.7 mm; Table 2). Della Serra and 
Ferreira [1] cited a variation from 6.7 to 11.5 mm, and Woelfel and Scheid [5] found a  minimum 

Figure 5. Permanent lower central incisor. (A) Mesial surface with a shallow root groove and (B) distal surface with a 
deeper root groove.
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value of 6.3 mm and a maximum value of 11.6 mm (mean 8.8 mm). The same result (8.8 mm) 
was found by Figun and Garino [8]. Sicher [11] reported a mean of 9.4 mm for the length of 
the dental crown. According to Picosse [6], the mean of the dental crown length of the lower 
central incisors in men was 8.51 mm, and in women, it was 7.95 mm. These results are lower 
than those found in our study and in the other reported studies.

Regarding the measurement of the root length (RL), the mean value was 12.7 mm (ranging 
from 8.5 to 15.4 mm; Table 2). Others authors reported a range from 8.8 to 16 mm [1], from 7.7 
to 17.9 mm (mean value of 12.6 mm) [5], and 11.9 mm [8]. Picosse [6] verified that the mean of 
the root length was 12.27 mm in men and 12.65 in women. Sanchez et al. [9] measured the root 
length both on the distal and mesial surfaces. The authors found a mean value of 13.88 ± 1.4 mm 
on the distal surface and 13.76 ± 1.5 mm on the mesial surface, with no statistically significant 
difference between them. Besides we have made the same measurement on the buccal surface 
of the root, our results as well as those cited by Sanchez et al. [9] are within the standards.

Observing the mesio-distal dimension of the dental crown (MDC), we found in the literature 
a variation from 5.0 to 6.5 mm [1]; 4.4 to 6.7 mm [5]; and a maximum value of 6.87 mm [2]. In 
the present study, the same measurement ranged from 4.4 to 6.3 mm, with a mean value of 
5.3 mm (Table 2). A mean value of 5.4 mm for the mesio-distal distance of the lower central 
incisors was cited by some authors [6, 8, 11].

Figure 6. Permanent lower central incisor. (A) Rectilinear root, (B) root apex angled to distal, and (C) root apex angled 
to mesial.
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It was observed that the mean value of the measurement of the mesio-distal dimension of the 
root (MDR) was 3.6 mm (ranging from 3.1 to 5.6 mm) (Table 2). Similar values were observed 
by Woelfel and Scheid [5] (mean value of 3.5 mm, ranging from 2.7 to 4.6 mm) and 3.9 mm 
by Sicher [11].

The buccolingual dimension of the crown (BLC) ranged from 4.7 to 7.4 mm (mean value of 
5.8 mm; Table 2). In the literature, it was found a range from 6 to 8 mm [1] and from 4.8 to 
6.8 mm, with a mean value of 5.7 mm [5].

A mean value of 5.7mm (ranging from 4.6 to 6.7mm, Table 2) was observed regarding the 
buccolingual dimension of the root (BLR). A dimension of 5.9 mm was cited by Sicher [11] 
and 5.4 mm (ranging from 4.3 to 6.5 mm) by Woelfel and Scheid [5]. According to Picosse 
[6], the mean of the maximum buccolingual dimension of the lower central incisors was 
5.7 mm in men and 5.46 in women. Figún and Garino [8] found a buccolingual distance of 
6 mm.

The measurement of total tooth length (TL) ranged from 16.7 to 26.2 mm (mean value of 
22 mm) (Table 2). Others authors reported a range from 15.5 to 27.5 mm [1], from 16.6 to 
26.7 mm (mean value of 20.8 mm) [5], 21.4 mm [11], 20.7 mm [8], and 20.78 mm in men and 
20.6 mm in women [6].

According to Picosse [6], the mean of the measurements of the lower central incisors was 
higher in men than in women, except for the measurement of the root length. In our study, 
there was no information about sex and age. This is a limitation of this study because it was 
not possible to make associations between the measurements and those criteria.

The Pearson correlation coefficient between six anatomical features (21 possible associations) 
observed in the lower central incisors showed a weak positive correlation between the fea-
tures: 1 and 2 (r = 0.366, p = 0.0001), 1 and 3 (r = 0.327, p = 0.0016), 1 and 4 (r = 0.347, p = 0.0004), 
1 and 5 (r = 0.412, p < 0.0001), and 2 and 5 (r = 0.309, p = 0.0018) and weak negative for 2 and 6 
(r = −0.419, p < 0.0001). The other associations were not significant. Therefore, it was verified 
that the evaluated features do not repeat in the same way in all incisors, demonstrating ana-
tomical variation. Some patterns described in the literature were confirmed, but the percent-
age of anatomical variations was high for all studied features.

This makes the study of the lower central incisor quite difficult, especially for the first-year 
Dentistry graduation student. The lower central incisor is the smallest and most symmetrical 
tooth of the permanent dentition. Its anatomical elements, such as grooves and ridges, are the 
least evident [2].

The purpose of this study was to verify features that could facilitate the identification of the 
proximal surfaces of the lower central incisor. It was verified that the standard anatomical fea-
tures described in the literature could not be observed in all teeth. However, the observation 
of the mentioned anatomical features, the sum of the features, the association of them, and the 
observation of the most striking structures consist of a method that assists in the identification 
of the permanent lower central incisors.
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value of 6.3 mm and a maximum value of 11.6 mm (mean 8.8 mm). The same result (8.8 mm) 
was found by Figun and Garino [8]. Sicher [11] reported a mean of 9.4 mm for the length of 
the dental crown. According to Picosse [6], the mean of the dental crown length of the lower 
central incisors in men was 8.51 mm, and in women, it was 7.95 mm. These results are lower 
than those found in our study and in the other reported studies.
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from 8.5 to 15.4 mm; Table 2). Others authors reported a range from 8.8 to 16 mm [1], from 7.7 
to 17.9 mm (mean value of 12.6 mm) [5], and 11.9 mm [8]. Picosse [6] verified that the mean of 
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length both on the distal and mesial surfaces. The authors found a mean value of 13.88 ± 1.4 mm 
on the distal surface and 13.76 ± 1.5 mm on the mesial surface, with no statistically significant 
difference between them. Besides we have made the same measurement on the buccal surface 
of the root, our results as well as those cited by Sanchez et al. [9] are within the standards.

Observing the mesio-distal dimension of the dental crown (MDC), we found in the literature 
a variation from 5.0 to 6.5 mm [1]; 4.4 to 6.7 mm [5]; and a maximum value of 6.87 mm [2]. In 
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It was observed that the mean value of the measurement of the mesio-distal dimension of the 
root (MDR) was 3.6 mm (ranging from 3.1 to 5.6 mm) (Table 2). Similar values were observed 
by Woelfel and Scheid [5] (mean value of 3.5 mm, ranging from 2.7 to 4.6 mm) and 3.9 mm 
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The buccolingual dimension of the crown (BLC) ranged from 4.7 to 7.4 mm (mean value of 
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5.7 mm in men and 5.46 in women. Figún and Garino [8] found a buccolingual distance of 
6 mm.

The measurement of total tooth length (TL) ranged from 16.7 to 26.2 mm (mean value of 
22 mm) (Table 2). Others authors reported a range from 15.5 to 27.5 mm [1], from 16.6 to 
26.7 mm (mean value of 20.8 mm) [5], 21.4 mm [11], 20.7 mm [8], and 20.78 mm in men and 
20.6 mm in women [6].

According to Picosse [6], the mean of the measurements of the lower central incisors was 
higher in men than in women, except for the measurement of the root length. In our study, 
there was no information about sex and age. This is a limitation of this study because it was 
not possible to make associations between the measurements and those criteria.

The Pearson correlation coefficient between six anatomical features (21 possible associations) 
observed in the lower central incisors showed a weak positive correlation between the fea-
tures: 1 and 2 (r = 0.366, p = 0.0001), 1 and 3 (r = 0.327, p = 0.0016), 1 and 4 (r = 0.347, p = 0.0004), 
1 and 5 (r = 0.412, p < 0.0001), and 2 and 5 (r = 0.309, p = 0.0018) and weak negative for 2 and 6 
(r = −0.419, p < 0.0001). The other associations were not significant. Therefore, it was verified 
that the evaluated features do not repeat in the same way in all incisors, demonstrating ana-
tomical variation. Some patterns described in the literature were confirmed, but the percent-
age of anatomical variations was high for all studied features.

This makes the study of the lower central incisor quite difficult, especially for the first-year 
Dentistry graduation student. The lower central incisor is the smallest and most symmetrical 
tooth of the permanent dentition. Its anatomical elements, such as grooves and ridges, are the 
least evident [2].

The purpose of this study was to verify features that could facilitate the identification of the 
proximal surfaces of the lower central incisor. It was verified that the standard anatomical fea-
tures described in the literature could not be observed in all teeth. However, the observation 
of the mentioned anatomical features, the sum of the features, the association of them, and the 
observation of the most striking structures consist of a method that assists in the identification 
of the permanent lower central incisors.
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5. Conclusion

It was verified that the evaluated anatomical features do not repeat in the same way in all 
lower central incisors, demonstrating the presence of anatomical variation. However, the 
systematic methodology used for the evaluation of the incisors in this study facilitated the 
identification of the teeth. Therefore, the observation of the anatomical features mentioned 
in the literature, the sum and the association of the features, and the observation of the most 
striking structures are methods that facilitated to differentiate the third quadrant element 
(31—permanent left lower central incisor) from the fourth quadrant element (41—permanent 
right lower central incisor).

It was verified that there was no statistically significant difference between the measurements 
of 31 and 41. Distinguishing the right from the left central incisor is difficult, even for experi-
enced practitioners. We could observe that the measurements do not facilitate the identifica-
tion of teeth of different quadrants. Therefore, the anatomical features are relevant for the 
study of the dental anatomy in the identification of the lower central incisors.

Author details

Marcela de Almeida Gonçalves1*, Bruno Luís Graciliano Silva1, Marcelo Brito Conte1,  
Juliana Álvares Duarte Bonini Campos2 and Ticiana Sidorenko de Oliveira Capote1

*Address all correspondence to: marcelagoncalves@foar.unesp.br

1 Department of Morphology, School of Dentistry, São Paulo State University (UNESP), 
Araraquara São Paulo, Brazil

2 Department of Food and Nutrition, Faculty of Pharmaceutical Sciences, São Paulo State 
University (UNESP), Araraquara, São Paulo, Brazil

References

[1] Della Serra O, Ferreira FV. Anatomia dental. 3rd ed. São Paulo: Artes Médicas; 1981. p. 334

[2] Madeira MC, Rizzolo RJC. Anatomia do dente. 8th ed. São Paulo: Sarvier; 2016. 169p

[3] Sicher H, Tandler J. Anatomía para dentistas. 2nd ed. Editorial Labor S.A: Barcelona-
Madrid; 1950. p. 463

[4] Sicher H, Dubrul E. Anatomia Oral. 8th ed. Artes Médicas: Porto Alegre; 1991. p. 390

[5] Woelfel JB, Scheid RC. Anatomia dental: sua relevância para a odontologia. 5th ed. Rio 
de Janeiro: Guanabara Koogan; 2000. p. 319

[6] Picosse M. Anatomia dentária. 4th ed. São Paulo: Sarvier; 1977. p. 294

Dental Anatomy192

[7] Pagano JL, Carbó RAR, Ramón A. Anatomía dentaria. Buenos Aires: Mundi; 1965. p. 664

[8] Figún ME, Garino RR. Anatomia odontológica funcional e aplicada. 2nd ed. Porto 
Alegre: Artmed; 2003. p. 532

[9] Sanchez PRL, Storrer CM, Romito GA, Pustiglioni FE. Morphometric study of length and 
grooves of lower central incisors roots. South Brazilian Dentistry Journal. 2009;6(2):169-175

[10] Kaur S, Gupta R, Dahiya P, Kumar M. Morphological study of proximal root grooves and 
their influence on periodontal attachment loss. Journal of Indian Society of Periodontology. 
2016;20(3):315-319

[11] Sicher H. Anatomia Oral. 2nd ed. Rio de Janeiro: Livraria Atheneu; 1955. p. 563

Identification of Lower Central Incisors
http://dx.doi.org/10.5772/intechopen.71341

193



5. Conclusion

It was verified that the evaluated anatomical features do not repeat in the same way in all 
lower central incisors, demonstrating the presence of anatomical variation. However, the 
systematic methodology used for the evaluation of the incisors in this study facilitated the 
identification of the teeth. Therefore, the observation of the anatomical features mentioned 
in the literature, the sum and the association of the features, and the observation of the most 
striking structures are methods that facilitated to differentiate the third quadrant element 
(31—permanent left lower central incisor) from the fourth quadrant element (41—permanent 
right lower central incisor).

It was verified that there was no statistically significant difference between the measurements 
of 31 and 41. Distinguishing the right from the left central incisor is difficult, even for experi-
enced practitioners. We could observe that the measurements do not facilitate the identifica-
tion of teeth of different quadrants. Therefore, the anatomical features are relevant for the 
study of the dental anatomy in the identification of the lower central incisors.

Author details

Marcela de Almeida Gonçalves1*, Bruno Luís Graciliano Silva1, Marcelo Brito Conte1,  
Juliana Álvares Duarte Bonini Campos2 and Ticiana Sidorenko de Oliveira Capote1

*Address all correspondence to: marcelagoncalves@foar.unesp.br

1 Department of Morphology, School of Dentistry, São Paulo State University (UNESP), 
Araraquara São Paulo, Brazil

2 Department of Food and Nutrition, Faculty of Pharmaceutical Sciences, São Paulo State 
University (UNESP), Araraquara, São Paulo, Brazil

References

[1] Della Serra O, Ferreira FV. Anatomia dental. 3rd ed. São Paulo: Artes Médicas; 1981. p. 334

[2] Madeira MC, Rizzolo RJC. Anatomia do dente. 8th ed. São Paulo: Sarvier; 2016. 169p

[3] Sicher H, Tandler J. Anatomía para dentistas. 2nd ed. Editorial Labor S.A: Barcelona-
Madrid; 1950. p. 463

[4] Sicher H, Dubrul E. Anatomia Oral. 8th ed. Artes Médicas: Porto Alegre; 1991. p. 390

[5] Woelfel JB, Scheid RC. Anatomia dental: sua relevância para a odontologia. 5th ed. Rio 
de Janeiro: Guanabara Koogan; 2000. p. 319

[6] Picosse M. Anatomia dentária. 4th ed. São Paulo: Sarvier; 1977. p. 294

Dental Anatomy192

[7] Pagano JL, Carbó RAR, Ramón A. Anatomía dentaria. Buenos Aires: Mundi; 1965. p. 664

[8] Figún ME, Garino RR. Anatomia odontológica funcional e aplicada. 2nd ed. Porto 
Alegre: Artmed; 2003. p. 532

[9] Sanchez PRL, Storrer CM, Romito GA, Pustiglioni FE. Morphometric study of length and 
grooves of lower central incisors roots. South Brazilian Dentistry Journal. 2009;6(2):169-175

[10] Kaur S, Gupta R, Dahiya P, Kumar M. Morphological study of proximal root grooves and 
their influence on periodontal attachment loss. Journal of Indian Society of Periodontology. 
2016;20(3):315-319

[11] Sicher H. Anatomia Oral. 2nd ed. Rio de Janeiro: Livraria Atheneu; 1955. p. 563

Identification of Lower Central Incisors
http://dx.doi.org/10.5772/intechopen.71341

193



Dental Anatomy
Edited by Bağdagül Helvacioğlu Kivanç

Edited by Bağdagül Helvacioğlu Kivanç

Dental Anatomy is one of the most important and basic areas of dentistry.  This book is 
a collection of nine chapters divided into five sections as follows: 

Chapter 1: “Permanent Maxillary and Mandibular Incisors”
Chapter 2: “The Permanent Maxillary and Mandibular Premolar Teeth”

Chapter 3: “Dental Anatomical Features and Caries: A Relationship to be Investigated”
Chapter 4: “Anatomy Applied to Block Anaesthesia”

Chapter 5: “Treatment Considerations for Missing Teeth”
Chapter 6: “Anatomical and Functional Restoration of the Compromised Occlusion: 

From Theory to Materials”
Chapter 7: “Evaluation of the Anatomy of the Lower First Premolar”

Chapter 8: “A Comparative Study of the Validity and Reproducibility of Mesiodistal 
Tooth Size and Dental Arch with the iTero™ Intraoral Scanner and the Traditional 

Method”
Chapter 9: “Identification of Lower Central Incisors”

The book is aimed toward dentists and can also be well used in education and research.

Published in London, UK 

©  2018 IntechOpen 
©  icefront / iStock

ISBN 978-1-78923-510-4

D
ental A

natom
y

ISBN 978-1-83881-247-8

DBF_eBook (PDF) ISBN

	Dental Anatomy
	Contents
	Preface
	Section 1
Tooth Anatomy
	Chapter 1
Permanent Maxillary and Mandibular Incisors
	Chapter 2
The Permanent Maxillary and Mandibular Premolar Teeth

	Section 2
Dental Anatomy and Caries
	Chapter 3
Dental Anatomical Features and Caries: A Relationship to be Investigated

	Section 3
Dental Anesthesia
	Chapter 4
Anatomy Applied to Block Anesthesia for Maxillofacial Surgery

	Section 4
Oral Rehabilitation
	Chapter 5
Treatment Considerations for Missing Teeth
	Chapter 6
Anatomical and Functional Restoration of the Compromised Occlusion: From Theory to Materials

	Section 5
Studies About Dental Anatomy
	Chapter 7
Evaluation of the Anatomy of the Lower First Premolar
	Chapter 8
A Comparative Study of the Validity and Reproducibility of Mesiodistal Tooth Size and Dental Arch with iTero™ Intraoral Scanner and the Traditional Method
	Chapter 9
Identification of Lower Central Incisors


