Please cite this article as:
Ahmed HMA, Keles A, Wolf TG,
Rossi-Fedele G, Dummer PMH.

A Proposal to Develop a New

Classification for Pulp Chamber
Anatomy. Eur Endod J 2024; 9: 1-7

Address for correspondence:
Hany Mohamed Aly Ahmed
Department of Restorative

Dentistry, Universiti Malaya,

Faculty of Dentistry, Kuala Lumpur,

Malaysia
E-mail:

hanyendodontist@um.edu.my

Published online: November 22, 2023
DOI 10.14744/e€j.2023.82713

This work is licensed under
a Creative Commons
Attribution-NonCommercial
4.0 International License.

O

O]S)

[

A Proposal to Develop a New Classification for Pulp Chamber Anatomy

Hany Mohamed Aly AHMED,'
Giampiero ROSSI-FEDELE,*¢

Ali KELES,

Thomas Gerhard WOLF,*>

Paul Michael Howell DUMMER’

Department of Restorative Dentistry, Universiti Malaya, Faculty of Dentistry, Kuala Lumpur, Malaysia
2Department of Endodontics, Ondokuz Mayis University, Faculty of Dentistry, Samsun, Tiirkiye

3Department of Endodontics, Bolu Abant izzet Baysal University, Faculty of Dentistry, Bolu, Tiirkiye
“‘Department of Restorative, Preventive and Pediatric Dentistry, University of Bern, School of Dental Medicine,

Switzerland

SDepartment of Periodontology and Operative Dentistry, University Medical Center of the Johannes

Gutenberg University Mainz, Germany

6Adelaide University, Adelaide Dental School, Adelaide, Australia
’Cardiff University, School of Dentistry, College of Biomedical and Life Sciences, Cardiff, United Kingdom

Introduction

Itis well known that the human dentition varies
considerably in terms of the anatomy of roots,
pulp chambers and root canals (1-5). This vari-
ation is obvious between tooth types, individ-
uals and population groups and is influenced
by age, caries, tooth surface loss, developmen-
tal defects, anomalies, trauma and a range of
other conditions (2-5). The pulp chamber is
defined as the portion of the pulp space within
(or extending just apical) the anatomic crown
of the tooth that contains the coronal pulp tis-
sue and consists of the pulp horn(s) and body
leading to the orifice(s) of the root canal(s) (6,
7). The shape, size and position of the chamber
originally reflects the anatomy of the crown
(8), but is particularly subject to morphological
changes as a result of age and as a defensive
mechanism against irritation (1, 9) (Fig. 1).

Understanding the anatomy of pulp cham-
bers (including their position, shape and size)
is important in every tooth type and in every
patient. This editorial briefly reviews the main
factors that have an impact on pulp chambers
and sets out the need for a new classification
of pulp chamber anatomy for use in research,
education, and clinical practice.

Response of the Coronal Dentine and Pulp
Tissue to Irritation

The pulp and the dentine form an integrated
system that is generally referred to as the den-

tine-pulp complex (10). Several factors can im-
pact on the integrity of a tooth and pulp, for
example carious lesions, trauma, and non-car-
jous tooth surface loss such as erosion, abra-
sion, attrition and abfraction (10). This is in
addition to the problem of cracked teeth that
have incomplete fractures involving enamel
and dentine, often extending to the pulpal
chamber and/or periodontal tissues (11). Many
of these irritants lead to tertiary dentine forma-
tion within the chamber through the action of
either the pre-existing primary odontoblasts
(reactionary dentine) or of newly differentiated
odontoblast-like cells (reparative dentine) (10)
(Fig. 2). In general terms, radiographs and other
imaging techniques can reveal the amount and
position of tooth tissue loss and its proximity
to the pulpal chamber, as well as the shape,
position and dimensions of the pulp chamber.
These factors must be taken into account to
when determining the condition of the pulp
and whether exposure of the pulp during tooth
preparation is likely to occur and alert the clini-
cian of the potential risks (12).

Caries extending deeply towards the pulp
chamber is common (13), and can result in loss
of substantial amounts of tooth tissue, pul-
pitis and apical periodontitis if not managed
correctly (13-15). Removal of caries and the
concomitant cavity preparation of the tooth (if
needed) must be carried out with a deep under-
standing of the anatomy of the pulp chamberin
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order to avoid iatrogenic exposure of the pulp and/or unnec-
essary exposure during stepwise and selective caries removal
(12), both of which could compromise the integrity and health
of the pulp (12). A pink discolouration observed through den-
tine, usually indicates that less than 0.5 mm of remaining den-
tine is covering the pulp with small pulpal exposures poten-
tially being present, but not visible to the naked eye or even
with a microscope (10). The dentine around the pulp horns is
more permeable compared to other areas of coronal dentine
(16), which requires an understanding of the structure of den-
tine, pulp horn morphology and their location in every tooth
type. Additionally, it is important for the operator to under-
stand the “reaction” of the dentine and coronal pulp tissue to
various “restorative” procedures such as the formation of ter-
tiary dentine (dentine bridge), as well as the development of
diffuse calcifications and pulp chamber obliteration which can
often be observed on intra-oral radiographs and on images
produced by other imaging techniques (17, 18).

Itis important to consider the thickness of enamel and den-
tine and their relation to the proximity of the pulp chamber
in each region of a tooth (12). It is known that secondary
dentine is deposited preferentially within the pulp horns
and on the pulp chamber roof and floor, which over time
creates a narrow chamber in the occluso-gingival direction
(12). Therefore, caries removal and cavity preparation on
teeth of younger patients has the potential to result in a sig-
nificantly greater chance of pulp exposure than on those of
an older patient (12).

It is known that the shape of the pulpal chamber roof fol-
lows the morphology of the tooth cusps and that the use
of bitewing radiographs provides an estimate of the pulp
chamber size in the mesio-distal and occluso-gingival direc-
tions. Therefore, when a cavity preparation is performed to
create a flat cavity floor for some restorative materials (such
as amalgam), failure to follow the external contour of the
crown will result in areas where pulp tissue is closer to the
cavity wall and floor, resulting in a greater risk of an acute
pulp reaction and even accidental exposure (12). Mandibu-
lar first premolars, for example, have a large discrepancy in
the size of the buccal and lingual cusps, resulting in a much
larger buccal pulp horn than the lingual one. Therefore, the
classic shape of the cavity must be modified to avoid acci-
dental exposure of the coronal pulpal tissue (12).

Endodontics

1. Understanding anatomy of normal teeth, anomalies and
those with disorders of dentine

The pulp chamber of each tooth type has characteristic
anatomical features that must be understood before com-
mencing root canal treatment (10). Anatomical variations of
the pulp chamber (shape, size and floor) also occur in teeth
with dental anomalies such dens invaginatus, dens evagi-
natus, C-shaped canals, taurodontism, tooth fusion and
gemination (9, 19-22). This is in addition to characteristic
features for the pulp chamber of teeth with dentine disor-
ders such as dentine dysplasia (23).
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2. Pulp sensibility testing

The overall size of the pulp chamber and the thickness of the
overlying dentine and enamel has an impact on pulp testing;
when the chamber is reduced in size as a consequence of
reparative dentine deposition, the stimulus and response will
be affected (24, 25) (Fig. 3). Calcified pulp chambers are likely
to have a delayed response in teeth compared to those with
larger pulp chambers that usually have prominent pulp horns
(24, 25). The pulp horns correspond to the incisal edge or ma-
jor cusps in anterior and posterior teeth, respectively (9). The
location of pulp horns will impact on the location where pulp
sensibility tests (thermal and electric pulp testing) should be
applied (24, 26-28).

3. Access cavity preparation

Accessing the pulp chamber space is the first step in root canal
treatment. Inability to appreciate anatomical variations of the
pulp chamber can result in a number of consequences in pos-
terior teeth, such as the removal of excessive amounts of den-
tine (especially when the floor of the pulp chamber at the root
canal orifices is calcified), perforation of the floor of the cham-
ber and the inability to locate canal orifices. If the pulp cham-
ber space is large, the operator will have the tactile feedback of
the bur entering (dropping into) the pulp chamber during ac-
cess cavity preparation (29) (Figs. 3a, 4a, b). However, if the pulp
chamber is calcified, the operator may not have the necessary
tactile feedback to detect when exposure of the pulp chamber
is achieved (29) (Figs. 3b, 4c, 4d). In anterior teeth, there is a risk
of inappropriate alignment of access cavities leading to goug-
ing and even perforation of the root on its labial aspect (10).

4. Tooth discolouration

Apart from pulp necrosis, calcifications and resorption defects,
tooth discolouration can occur when remnants of pulp tissue
and/or root canal filling materials in root canal treated teeth are
left in the chamber and pulp horns, which often occurs when
the extension of access cavities is inadequate (30, 31). Therefore,
successful detection and removal of overhanging pulp cham-
ber roofs will facilitate complete removal of pulp tissue (30, 31).

5. Minimal invasive endodontic procedures

There has been an increased interest in minimally invasive
endodontic procedures in recent years (32, 33). Carrying out
pulp capping, pulpotomy procedures and conservative access
cavity preparations require meticulous understanding of pulp
chamber anatomy in all teeth (10). This is in addition to the
application of guided access cavity preparation techniques for
locating obliterated root canals through guided drilling into
calcified pulp chambers to preserve tooth tissue compared
to conventional manual access cavity preparation that often
leads to excessive and unnecessary loss of tooth tissue (34-36).

Periodontal Disease

The pulp and periodontal tissues have a range of communicat-
ing pathways including the apical foramen, accessory canals
and others which allow the propagation of microbial irritants
between the two tissue types (37). A recent micro-computed
tomography (micro-CT) study reported the presence of patent
chamber canals in 2.8% and 0.3% of mandibular and maxillary
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Volume = 6.67 mm?
Surface area = 29.08 mm?

Figure 1. Micro-CT reconstructed images showing morphological and volumetric variations in the pulp chambers of (a, b) maxillary incisors and (c)

canine tooth (From left to right). The level of the pu|p chamber floor was defined at the level of the cemento-enamel junction

Micro-CT: Micro-computed tomography

Part of a filling
material

Figure 2. Micro-CT reconstructed images showing pulp chamber calcifications in a previously restored carious mandibular second molar tooth (a). (b)

3D reconstructed image of the pulp chamber showing diffuse calcifications in the pulp chamber (white arrows)

molars (38); respectively - such a rare minor anatomy can be
identified in clinical settings (39). A cone beam computed to-
mography (CBCT) study reported that periodontal disease is as-
sociated with a significant reduction in pulp volume (chamber
and canals) (40). A recent report documented a wide range of in-
flammatory responses of the pulp tissues (including the coronal
pulp tissue in the chamber) to microbial irritation from periodon-
tal disease (41), consistent with another study which found that
the pulpal chamber and parts of the root canal were filled with

calcified masses as a response to moderate/severe periodontal
disease (42). The more severe the periodontitis, the greater de-
gree of pulp pathosis was found (42).

Dental Trauma

Traumatic injuries to teeth vary in extent and severity (43, 44).
Complicated crown fractures involve the pulp chamber as
well as a substantial volume of tooth tissue. Knowledge of the
anatomy of pulp chambers in mature and immature teeth is
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Volume = 1.86 mm?
Surface area = 12.44 mm?

Figure 3. Micro-CT reconstructed images showing morphological variations in the pulp space anatomy including

presence (a) and absence (b) of pulp horns in maxillary premolars

important when managing such injuries (43). Other patholog-
ical changes can occur in the pulp chamber following trauma
such as internal inflammatory root resorption which is char-
acterised by the radiographic appearance of an oval-shaped
enlargement exhibiting a characteristic clinical appearance of
a pinkish hue that is classically described as a pink tooth (45);
this is in addition to coronal calcification (46).

Prosthodontic Procedures

Understanding pulp chamber anatomy is also important be-
fore crown preparation of teeth with vital pulps (47). One study
reported consistent over-preparation along the labio-proxi-
mal line angle of maxillary central incisors with a tendency to
leave considerably less than 2 mm of residual dentine protect-
ing the pulp, due to the proximity of the pulp horns in this
region (47). Extra-coronal tooth preparation can also lead to
iatrogenic pulp exposure if the operator fails to recognise the
alignment of the tooth in the arch and the size and position of
the chamber (12); this undesirable incident has been reported
among dental students and practitioners (48, 49).

On some occasions, the pulp chamber space within root canal
treated teeth can be used for retention of restorations (such as
amalgam cores), especially when the dimensions of the pulpal
chamber are adequate and the surrounding dentine has suf-
ficient bulk and strength, as that will provide a suitable area
of dentine for mechanical retention of the restoration whilst
also providing the necessary load resistance to the tooth (12).
Endo-crowns are another treatment option that are formed
from a monoblock containing the crown that is integrated into
the section that fills the pulp chamber space, and possibly the
root canal entrances (50). Therefore, the width, cross-sectional
shape and depth of the pulp chamber are important features
to consider for these restorations (51).

Primary Dentition

The anatomy of pulp chambers in the primary dentition varies
from the permanent counterparts (52). A wide range of varia-
tions in the morphology, size of the pulp chamber in relation
to the crown of primary molars, location and number of pulp
horns as well as the pulp chamber floor have been reported
(10). These anatomical features require careful attention dur-
ing caries excavation and other restorative procedures to pre-
vent pulp exposure (53), considering the fact that the size of
the pulp chamber affects the thickness of the external tooth
structure, especially in first molars and the mesio-buccal cusp
of maxillary second molars (53). This is in addition to access
cavity preparations during root canal treatment of primary
molars, which also requires special consideration, to prevent
furcal perforations (54, 55).

Pulp Chamber Anatomy in Contemporary Research Methods
The volume of pulp chambers and root canals (56, 57) and their
size in 2-dimensions (58, 59), have been used for standardisa-
tion of experimental samples in several studies related to con-
servative access preparations (such as debridement of the pulp
chamber, root canal detection, instrumentation efficacy and
fracture resistance). Using such measurements for sample selec-
tion would reduce the potential confounding factors related to
the variation in pulp chamber anatomy in the same tooth type.

Justification for a New System to Classify Pulp Chamber
Anatomy

Over the years, the application of a wide range of research
methods on various teeth and population groups together with
technological advances in imaging devices, such as CBCT and
micro-CT, has resulted in an improved understanding of the
complexities of tooth anatomy. This paved the way for the intro-
duction of several systems to define and classify root and canal
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Figure 4. Micro-CT reconstructed images showing the thickness of the pulp chamber space in mandibular molars - (a, b) normal sized pulp chamber,

(c, d) pulp chamber with calcifications and reduced thickness. Red areas refer to parts of the pulp chamber with reduced thickness

morphology (60-63). For example, Ahmed et al. (64) introduced
a classification system for root and canal morphology that has
also been supplemented with complementary codes for acces-
sory canals (65), and dental anomalies (66).

The current classification systems and guidelines charac-
terising the anatomical features related to pulp chamber
anatomy have focused mainly on the morphological fea-
tures of the pulp chamber “floor” in the posterior dentition
(20, 67-69). Obviously, such classifications are important for
the clinician to understand the anatomical variations of the
floor in different teeth and the most likely locations of the
root canal orifices using the ‘roadmap’ on the pulp chamber
floor as well as minimising procedural errors such as perfo-
rations and missed canals. However, based on an electronic
search in Scopus and PubMed search engines, conducted in
August 2023, using following keywords —“Pulp” AND “Cham-
ber” AND “Anatomy” OR “Morphology” AND “Classification’,
no system has been created to classify other important
anatomical landmarks of the pulp chamber which have rel-
evance in clinical practice, research and education such as
pulp horns and body in terms of position, shape and size.

General Concepts and Steps for Developing a Classifica-
tion System for Pulp Chamber Anatomy

The root and canal coding system introduced by Ahmed et
al. (64) was based on a critical analysis of the literature and
the identification of deficiencies in previous classifications,
such as the inability to define the number of roots in anterior
and premolar teeth, inability to address complex canal con-
figurations, etc. These issues have been discussed in a recent
systematic review (70). However, it is obvious that the same
strategy cannot be applied when attempting to classify pulp
chamber anatomy because of the limited number of classifi-
cations used to characterise the anatomy of the pulp cham-
ber (which are only related to the pulp chamber floor), and
the limited literature available on the topic using high reso-
lution imaging devices (such as micro-CT and CBCT). There-
fore, a proposal to develop a new classification of pulp cham-
bers will be carried out following a detailed analysis of pulp
chamber anatomy in different tooth types using high resolu-
tion imaging techniques. The project team will identify the
anatomical landmarks to be included in the system, which
will be explained and elaborated in future publications.
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