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Anatomical and morphological characteristics
of the pulp chamber of second primary molars,

observed by a dental microscope
Hristov K.", N. Mitova? , N. Gateva?

AHamMoMo-MOpPdOAO2UYHU XapakmepucmuKu
Ha NYyAnHama Kamepa Ha Bmopu BpemeHHuU
MOAapu, u3caegBaHu ¢ nomowma Ha geHmaAeH

MUKPOCKON
XpucmoB Kp.", H. MumoBa?, H. lameBa?

Introduction: Micro-assisted dental medicine has proven clinical success and it is already con-
sidered a new standard in dental treatment. This significant technology is a prerequisite for chang-
ing current and future trends in dental practice, including pediatric dentistry.

Aim: To study the morphology of the pulp chamber in second primary molars in relation to their
anatomical characteristics.

Materials: Twenty primary second mandibular and 20 primary second maxillary molars from
36 children aged 5-8 years were examined. The teeth had history of irreversible pulpitis or chronic
apical periodontitis. The roof was removed so that the contour of the pulp chamber was preserved.
Color photographs were taken with a 23.3x magnification with the help of dental operating micro-
scope. All images were analyzed with the software product Photoshop CC 2017. The validity of the
laws about the anatomy of the pulp chamber floor in the permanent teeth was verified in primary
teeth.

Results: Using high quality digital images of the pulp floor of primary molars allows better vi-
sualization and analysis of pulp chamber morphology.

Conclusion: The use of a microscope in dental practice facilitates the identification of important
anatomical features in the pulp chamber of the primary teeth, such as the size and location of the
orifices, the presence of additional canals or anatomic variations. The application of a dental op-
erating microscope would increase the precision of manipulations with minimal removal of dental
Structures.
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Buveeoenue: Muxpo-acucmupanama 0eHmMaina MeOUYuHa uma OOKa3am KIUHUYEeH ycnex u ce
CMAMA 3a HO8 CMAHOAPM 8 0eHMAIHOMO Jedenue. Tazu mexnono2us e npeonoCmasKa 3a NPOMAHA HA
Hacmoswume meyeHus 8 0eHMaIHama npaKmuKa, 8KI0YUMenTHo 0emcKama 0eHmanHa MeOuyuHda.

I]en: c nomowma na oenmanen MUKpOCKon 0a ce u3cieosd 8 KIUHUYHU YCI08Us MOpghoro2usma
Ha noda Ha NYINHAmMa Kamepa npu 6Mopu 8pemMenHU MONAPYU 6b8 8Pb3KA C MeXHUmMe AHAMOMUYHU
Xapakmepucmuxu

Mamepuanu u memoou: Hscneosanu ca 20 emopu manoudbynapuu u 20 emopu maxcuiapHu
8pemMeHHU Monapa Ha 36 deya Ha ev3pacm mexncoy 53-8 200unu ¢ ouazHo3a Heobpamum omeopen/
3ameoper NYINUm uiu XpOHUYeH epanyiomamo3en/ex3ayepoupan nepuoOOHmuUm, Koemo u3ucKked
nposedcoane Ha eHO00OHmcKo neuenue. Omcmpanasa ce noKpuea HA NYINHAMA KAMEPA CbC
cmpemedic 0a ce 3anasu koumypwvm . Ilpasam ce npasam yeemuu cHUMKU ¢ ygenudeHue 23.3x
¢ nomowyma Ha oenmanen Mukpockon. Ilonyuenume uzobpasicenus ce aHaIU3Upam ¢ NOMowma
Ha cogpmyepen npodykm Photoshop CC 2017. Ilpogepsisa ce sanuoHocmma Ha onucanume npu
NOCMOSAHHU 350U 3AKOHOMEPHOCMU, Kacaewu aHamoMusma Ha nooa Ha NYInHama kamepa npu
8pemMeHHUme mopu Moiapu.

Pezynmamu: H3nonzeanemo Ha 6UCOKOKAUECMBEHU OUSUMATHU U300padCeHUs HA No0d HA
nYInHama Kamepa no3eoisaead no-00opa eu3yaiu3ayus Ha HeuHama Mop@ponrocus.

3axniouenue:  Mznonzeanemo Ha  MUKDOCKON 6  OEHMAIHAMA  NPAKMUKA — VIeCHA8A
uoeHmupuyupaHemo Ha 6aNHCHU AHAMOMUYHU Oelle3Uu 8 NYINHAMA Kamepa Ha 8peMeHHUume 30U
Kamo 201eMuna U pasnoiodxiceHue Ha opuguyuymume, HAauyue HA OONBIHUMENHU KAHANU UTU

AHAMOMUYHU eapuayuu.

Knwouoeu oymu: oenmanen Mukpockon, 8pemMenHu MOAaApu, NyInHa Kamepa

Introduction

The knowledge about the anatomy of pri-
mary teeth clearly explains why carious lesions
progress rapidly and the pulp complications are
so common [1]. Specialized literature describes
the differences between primary and permanent
teeth. They can be summarized as follows: the
enamel in the primary teeth is thinner and the
dentin thickness between the pulp chamber and
the enamel is smaller than that in the permanent
teeth. The dental structures in the first dentition
have a lower degree of mineralization, wide
proximal contact area and there is a tapering of
the vestibular and lingual walls in occlusal di-
rection [1, 2]. These features cause the carious
lesion to progress more rapidly in the dentin,
creating the risk of an early onset of an inflam-
matory process in the pulp [3].

The uniqueness of children as patients makes
the precise cavity preparation in primary teeth
difficult. This is a prerequisite for unjustified
hard dental structure loss, in contrast to one of
the modern concepts of dental medicine - the
microinvasive approach [4]. It requires extreme

precision of the manipulations during the min-
imal removal of dental structures. Emphasis is
placed on good visibility and excellent illumina-
tion of the operative field. The magnifying digi-
tal technologies are an important tool in modern
dental medicine [5, 6].

Micro-assisted dental medicine has proven
clinical success and it is already considered a
new standard in dental treatment. This signifi-
cant technology is a prerequisite for changing
current and future trends in dental practice, in-
cluding pediatric dentistry [7-9]. Dental oper-
ating microscope (DOM) is used both in endo-
dontic treatment of immature permanent teeth
and primary teeth. DOM enables:

- Better visualization of the pulp chamber
and orifices [10];

- Detection of hidden canals / canal sys-
tems [11];

- Identification and elimination of oblitera-
tion, calcifications and denticles [12].

The use of DOM in the treatment of primary
dentition has not yet been sufficiently studied,
especially in the context of the minimally inva-
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sive approach and its potential for magnification
and photo documentation of pulp chamber mor-
phology and the presence of accessory canals in
the furcation zone.

Aim: To study the morphology of the pulp
chamber in second primary molars in relation to
their anatomical characteristics.

To fulfil this aim, the following tasks were
set:

1. Photo documentation of the pulp chamber
floor of second mandibular and maxillary mo-
lars with DOM at 23.3x magnification.

2. Analysis of the obtained images through
the software product Photoshop CC2017.

Materials: 20 primary second mandibular
and 20 primary second maxillary molars from
36 children aged 5-8 years were examined. The
teeth had history of irreversible pulpitis (clau-
sa/ aperta) or chronic periodontitis (periontitis
chronica granulomatosa / periodontitis chronica
exacerbata) and endodontic treatment was nec-
essary. Informed consent was signed by the pa-
tients’ parents. The study was approved by the
Ethics Committee of the Medical University —
Sofia, KENIMUS Ne24 /07.12.2018.

Criteria for inclusion of teeth in the study

Diagnosis is performed according to the ac-
cepted clinical criteria for irreversible pulpitis
or periodontitis in primary teeth.

- Second primary molars:

« with a large carious lesion with or without
pulp exposure;

» large filling with or without defects;

* with or without discoloration;

 with or without sinus track;

* pain on percussion might be present;

* spontaneous pain, night pain, pain on chew-
ing, pain from sweet and cold stimuli, which
lingers after removal of the irritant.

Diagnostic X-rays were made and they veri-
fied the presence of partially or completely de-
mineralized dentin in the area of the pulp horn
and that 2/3 of the length of the roots was pre-
served.

Methods: If needed local anesthesia was

administered and carious dentin was removed
from the periphery of the cavity. The pulp cham-
ber was then opened with carbide endo access
bur with non- cutting tip (Endo Z bur, Dentsply
Sirona, Ballaigues, Switzerland). The roof was
removed so that the contour of the pulp cham-
ber is preserved. Coronal pulp was removed
with round bur and irrigation with 3% H,0, was
performed. If there was bleeding, hemostasis
was achieved and the pulp chamber was dried.
The teeth were then isolated and all necrotic
tissue is removed from the pulp chamber with
5,25% sodium hypochlorite. In order to cali-
brate the digital images of examined teeth, the
distance between the two mesial or distal cusps
was measured with orthodontic caliper. After
the initial inspection of the pulp chamber, col-
or photographs are taken with a 23.3x magni-
fication. These images are then used to localize
and register the orifices, presence or absence of
isthmuses, accessory canals or other anatomical
landmarks. After that the floor of the pulp cham-
ber is treated with methylene blue (Canal detec-
tor, Cerkamed) for 5-10 sec. The excess dye is
removed and the pulp chamber was rinsed with
water and dried. The aim was to identify the or-
ifices easier. Then a new picture was taken with
23.3x optical zoom. The resulting images were
used for the same purpose.

All images were analyzed with the software
product Photoshop CC 2017. The location of
the canal orifices, their position relative to each
other and the distances between them, the pres-
ence of isthmus, additional canals or other ana-
tomical features were recorded. The location of
the orifices and the outline of the pulp chamber
are marked with lines. Lines were also drawn
through the center of the orifices in the ves-
tibulo-lingual direction and the middle of the
crown in mesio-distal direction. The validity of
the laws about the anatomy of the pulp cham-
ber floor in the permanent teeth was verified and
confirmed in primary teeth. Statistical process-
ing was performed with IBM SPSS Statistics
v.19 (IBM Corporation).

The study used a Semorr DOM 3000E dental
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Table 1. Distances between the orifices of primary second mandibular molars and surface area of the pulp chamber
floor. (Mesial — mesiolingual and mesiovestibular, Distal — distolingual and distovestibular, MLDL — mesiolingual and

distolingual, MVDV — mesiovestibular and distovestibular).

Count (n) Min Max Mean Standard Deviation
Mesial (mm) 20 2,40 3,60 3,0095 ,35224
Distal (mm) 20 2,06 3,15 2,6125 ,30741
MLDL (mm) 20 2,63 3,88 3,2298 ,37427
MVDV (mm) 20 2,73 3,98 3,3147 ,38025
Surface area (mm?) 20 9,21 11,34 9,9794 ,62114

Table 2. Distances between the orifices of primary second maxillary molar (MBDB — mesio-buccal and disto-buccal,
MBP — mesio-buccal and palatal, PDB —palatal and disto-buccal and surface area of the floor of the pulp chamber.

Count (n) Min Max Mean Standart Deviation
MBDB (mm) 20 3.3523 4.4164 4.0411 0.4045
MBP (mm) 20 5.3845 6.2683 5.96042 0.5184
PDB (mm) 20 1.088 2.6312 2.0959 0.5620
Surface area (mm?) 20 21.1255 26.8815 23.5411 2.1524

operating microscope with a monitor (23-inch
IPS LED matrix display, 1920-1080 resolution)
for real-time imaging and a digital camera with
a ring flash.

Results: Using high-quality digital images of
the pulp floor of primary second mandibular molars
allowed better visualization and analysis of pulp
chamber morphology of primary second mandibu-
lar (Table 1) and maxillary molars (Table 2).

Table 1 lists the mean distances between
mesiolingual and mesiovestibular orifices (Me-
sial), distolingual and distovestibular (Distal),
mesiolingual and distolingual (MLDL), and me-

Figure 1. Image of pulp chamber floor of primary sec-
ond mandibular molar with mean values

siovestibular and distovestibular (MVDYV).

The analysis of the images shows, that the
mesio-distal dimensions of the pulp chamber
are larger than the vestibulo-lingual dimensions
(3.3147 and 3.0095). The mean surface area
of the pulp chamber floor is approximately 10
mm?.

Figure 1 shows an image of pulp chamber
floor of primary second mandibular molar with
mean values from the morphological analysis.

The analysis shows that the pulp chamber
of primary second mandibular molars has an
approximately trapezoidal shape with a broad
base toward the mesial orifices. The ribbon-like
shape of the orifices is clearly visible.

The analysis of the results show clearly that
the vestibulo-palatal dimension of the pulp
chamber is larger than the mesio-distal one
(5.9604 mm and 3.3323 mm, respectively). The
mean surface area of the pulp chamber floor of
maxillary second primary molars was 20 mm?
(Table 2). It is almost twice the size of the man-
dibular second primary molars (Table 1).

Figure 2 shows a representative digital image
of the pulp chamber floor of a maxillary second
primary molar.

The shape of the pulp chamber in maxillary
second primary molars is also trapezoidal with a
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Figure 2. Representative image of the pulp chamber
floor of a maxillary second primary molar with the
mean distance between the canal orifices, created with
DOM (Semorr DOM 3000E), magnification of 23.3x.

broad base to the line connecting the mesial and
palatal orifices.

Figures 1 and 2 show the ribbon-like shape
of the orifices. This finding was observed in all
of the examined teeth. All of the second man-
dibular molars had two roots with three or four
channels. The maxillary second primary molars
have three roots with three or four root canals.

With the help of the software product (Pho-
toshop CC2017) we found that, like permanent
molars, the dentin on the floor of the pulp cham-
ber has a darker color in the primary molars. The
orifices are always located at the boundary be-
tween the floor and the walls of the pulp cham-
ber. In the mandibular second molars, they are
equidistant from the line that bisects the floor of
the pulp chamber in the mesio-distal direction
(Figure 1). Such dependence on the location of
the orifices is not observed in the maxillary sec-
ond primary molars.

Discussion

The second primary molars have three or four
canals — two mesial and one or two distal. The
mesial canals begin as a common ribbon like ca-

nal, which is then divided into two. The distal
root contains an oval or ribbon-like canal with
large bucco-lingual size and small mesio-distal,
similar to the first primary lower molars [13-
15]. With the advancing age and calcification,
two separate canals can be distinguished in the
distal root.

Abnormalities of the pulp floor and root ca-
nals have also been documented. Taurodontism
- the inability of the epithelial diaphragm of
Hertwig's root sheath to infiltrate horizontally,
has been observed in primary molars uni- or
bilaterally in healthy children or in association
with syndromes [16]. In some populations, the
incidence of this condition may reach 9% and
affect both permanent and primary molars [17].
In extremely rare cases, it is possible to have
single rooted maxillary primary molars, second
primary molars with C-shaped canals, fusion
and dens invaginatus [17-19].

Accessory roots in primary mandibular sec-
ond molars have been found in the Danish, Jap-
anese, Chinese, Taiwanese and Korean popula-
tions [20]. Their presence is often associated
with persistence of infection and failure of treat-
ment. In our study, we did not find any accesso-
ry roots, as well as anatomical anomalies in the
studied tooth groups, which can be explained by
the smaller sample size.

Most studies identify two canals in the me-
sial root, and one or two canals in the distal
root [21-23]. In our study, all teeth have two
roots with three or four canals. The mesial roots
have two canals and the distal — one or two,
which coincides with published data [21-23].

There are known cases of three-rooted teeth
with five canals - two mesial and three distal.
Additional root canals can be identified radio-
graphically, but in most cases this is done by
clinical examination of the pulp floor and the
pulp chamber [24]. All mandibular molars in
the present study have two roots with three or
four canals. The maxillary second primary mo-
lars have three roots with three or four root ca-
nals. The most common are the lower second
molars with three canals, two in the medial root
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and one in the distal, and upper second primary
molars with three or four canals. These results
coincide with the published data in the special-
ized literature [22, 23, 25].

When comparing with the published infor-
mation in the specialized literature, we found
that the mesio-distal dimensions of the pulp
chamber of the mandibular second primary mo-
lars takes around 33.1% of the crown size and
the buccal - lingual 33.2% respectively. For the
maxillary second primary molars, these ratios
are 45.15% and 59.6%, respectively [26]. This
indicates that the pulp chamber of the maxil-
lary molars is relatively wider than that of the
mandibular molars, which may be related to the
incidence of pulpal inflammation in these teeth.

The pulp floor morphology of primary mo-
lars can be assessed in the clinical practice with
the help of DOM, thus preventing unnecessary
removal of dental structures during endodontic
access preparation. The magnification allows
better identification of the anatomical land-
marks in the pulp chamber, as well as remnants
of the pulp roof, it facilitates the initial pene-
tration of the pulp chamber, the reading of the
dentin map, the identification of orifices and the
differentiation of the pulp horns from the pulp
body into the chamber [10]. Anatomical varia-
tions are frequent and of great variety. In many
cases, they cannot be treated with traditional
endodontic methods [11]. The introduction of
the dental microscope and the ability to inspect
the root canals have fundamentally changed our
perception of dental morphology and its com-
plexity [12, 27]. Although rare, obliterations,
calcifications and denticles are also found in
primary teeth. These situations make microin-
vasive access cavity preparation and root canal
negotiation difficult [12].

There are several known laws about the lo-
cation of the orifices on the pulp floor based on
observation of the anatomy of permanent teeth.
They help the clinician to locate accurately the
pulp chamber, orifices and root canals [28]. Us-
ing DOM and the images made with it, in the
present study we found that some of the laws

for the location of the root canal orifices in per-
manent teeth were only valid in the mandibular
second primary molars:

First law of symmetry: for all mandibular
molars, the orifices of the canals are equally dis-
tant from a line drawn in a mesial distal direc-
tion through the pulp chamber floor;

Second law of symmetry: for all mandibular
molars the orifices of the canals lie on a line per-
pendicular to a line drawn in a mesial-distal di-
rection across the center of the floor of the pulp
chamber;

The validity of other laws established in per-
manent teeth was confirmed for maxillary and
mandibular second primary molars.

Law of Color Change: the color of the pulp
chamber floor is always darker than the sur-
rounding walls;

First law of orifice location: the orifices are
always located at the junction of the walls and
the floor;

Second law of orifice location: the orifices are
located at the angles in the floor-wall junction;

Third law of orifice location: the orifices are
located at the terminus of the root developmen-
tal fusion lines;

Knowing these laws would make locating
the orifices easier and thus would improve the
quality of endodontic treatment of primary sec-
ond mandibular molars.

Conclusion:

The use of a microscope in dental practice
facilitates the identification of important an-
atomical features in the pulp chamber of the
primary teeth, such as the size and location of
the orifices, the presence of additional canals or
anatomic variations. The application of a DOM
would increase the precision of manipulations
with minimal removal of dental structures.
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