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the cavity were closed with glass-ionomer cement. On 
RVG, all canals appeared properly filled (Fig. 1D). The 
patient was referred for prosthetic reconstruction.

Case 2 

A healthy 52-year-old female patient came to the den­
tal office with a referral from a general dental practitioner 
(GDP) for the specialist RCT of tooth 16 with a diagno­
sis of  calcifications within the pulp and chronic apical 
periodontitis. The patient made an appointment for the 
cone-beam computed tomography (CBCT) examination. 
The clinical examination revealed no pain on percussion, 
no reaction of the tooth to electrical or thermal stimuli, 
and physiological mobility. The CBCT scans with sagittal, 
axial, and coronal views showed an extensive filling on the 
mesial, distal and occlusal surfaces, the presence of a PS 
within the pulp cavity (homogenous radiopaque contrast), 
and a periapical lesion (Fig. 2A–2C). The CBCT analysis 
detected a  denticle in the pulp cavity above the orifice 
of the palatal canal, severe curvature of the buccal canals 
and chronic apical periodontitis. A diagnosis of chronic 
granuloma periodontitis was made and antiseptic RCT 
was arranged. Endodontic treatment with rubber-dam 
isolation was started. The tooth was trepanned and the 
pulp cavity was prepared using a  dental OM. After the 
roof of the pulp chamber was removed with a long-shank 
rose-head bur for a  slow-speed handpiece, the presence 
of an extensive PS blocking the orifice of the palatal ca­
nal was confirmed. The preparation of the pulp cavity and 
the removal of the denticle were carried out with the use 

Fig. 1B. Case 1, tooth 27: Microscope-captured images of the pulp chamber 
floor before denticle removal

Fig. 1C. Case 1, tooth 27: Microscope-captured images of the pulp chamber 
floor after denticle removal

Fig. 1D. Case 1, tooth 27: Post-operative X-ray
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of the BUC 2 ultrasonic tip (Obtura Spartan) and Munce 
Discovery Burs No.  1 (CJM Engineering, Inc.). Gates 
–Glidden drills (Dentsply Sirona) were used to prepare 
the canal orifices. After determining the working length 
of all canals with an apex locator, they were initially shaped 
with the C-Pilot® size 06–10 hand files (VDW) to create 
a glide path. Due to a  lack of  time, an antibiotic-steroid 
dental paste (Dexadent; Chema-Elektromet) and a cotton 
pledget were inserted, and a Cavit temporary filling was 
applied (3M ESPE). At the following appointment, the ca­
nals were shaped with the ProTaper Next NiTi rotary files 
(Dentsply Sirona); the last file for all buccal canals was PT 
X2, size 25.06, and for the palatal canal, PT X3 size 30.07. 
The rinsing and filling protocol was followed as described 
above. A control X-ray was taken (Fig. 2D) and the patient 
was referred to her GDP for the final restoration.

Case 3 

A generally healthy patient, aged 57, visited the dental 
office with spontaneous, long-lasting pain radiating to 
the ear, characteristic of irreversible pulpitis. The clinical 
examination of tooth 47 revealed pain on vertical percus­
sion, and a  prolonged reaction to electric and thermal 
stimuli. An initial periapical tooth X-ray was taken. Non-
homogenous radiopaque contrast in the projection of the 
pulp chamber and the root canals, indicating their partial  

Fig. 2A. Case 2, tooth 16: Cone-beam computed tomography (CBCT) scan 
with a sagittal view

Fig. 2B. Case 2, tooth 16: CBCT scan with an axial view

Fig. 2C. Case 2, tooth 16: CBCT scan with a coronal view

Fig. 2D. Case 2, tooth 16: Post-operative X-ray
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obliteration, were revealed on the X-ray as well as the 
widening of the periodontal ligament space (Fig. 3A). The 
tooth was anesthetized with 4% articaine hydrochloride 
with adrenaline at 1:100,000. Under rubber-dam isolation, 
the pulp cavity was trepanned and massive bleeding was 
observed for a  few minutes. After gaining access to the 
pulp chamber, its roof was removed with a surgical drill 
with extended handles for a slow-speed handpiece and the  
canal orifices were located by means of a dental OM. When  
bleeding stopped, the pulp chamber floor was irrigated 
with a 5.25% NaOCl solution, dried with a cotton pled­
get, and carefully inspected in order to find color changes 
that could indicate the way to the canal orifices. The floor 
of the pulp chamber had a  non-homogenous, dark yel­
low structure varying in shape and size, closing the canal 
orifices (Fig. 3B). By scouting the pulp cavity floor gently 
with the C-Pilot instruments (VDW), access to all canal 
orifices was established. However, shaping the distal canal 
was problematic due to the obstruction by a PS. For the 
removal of the radicular pulp stone, 2 Hedström® size 15 
files (Kerr Dental, Orange, USA) were used. All canals 

were cleaned and shaped to full working length according 
to an apex locator with the Mtwo rotary files (VDW) to 
size 35/.04 (Fig. 3C). Due to a lack of time, the canals were 
filled with calcium hydroxide and a sterile cotton pledget, 
and a Cavit temporary filling was applied (3M ESPE). At 
the next appointment, all canals were finally obturated. 
A rinsing and filling protocol was followed as described 
in the cases above. At the end of RCT, a control X-ray was 
taken (Fig. 3D). The canals were filled properly and the 
patient was referred for final reconstruction.

Fig. 3A. Case 3, tooth 47: Pre-operative X-ray

Fig. 3B. Case 3, tooth 47: Microscope-captured image of the pulp chamber 
floor before denticle removal

Fig. 3C. Case 3, tooth 47: Microscope-captured image of the pulp chamber 
floor after denticle removal

Fig. 3D. Case 3, tooth 47: Post-operative X-ray
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Case 4 

A 38-year-old, generally healthy patient reported to 
the dental office because of the hypersensitivity to cold 
of  the maxillary teeth on the right side. Tooth 16 was 
the most sensitive to a  cold stimulus (ethyl chloride). 
Initial RVG was performed and radiopaque contrast 
within the pulp chamber was noticed, which could in­
dicate the presence of a denticle (Fig. 4A). Infiltration 
anesthesia with Citocartin® 100 (Molteni Dental S.r.l., 
Milan, Italy) was administered and an amalgam filling 
was removed from the occlusal surface. At the height 
of  the proximal buccal cusp, the entrance to the pulp 
cavity was visible. After placing a rubber dam, proper 
access was prepared and the presence of  an extensive 
calcification with the PS features was visible under 
a dental OM (Fig. 4B). The Start-X® ultrasonic tip No. 3 
(Dentsply Sirona) was used to remove the denticle.  
After removing the PS – which loosely filled the pulp 
chamber – with an endodontic probe (Fig. 4C), the pulp 
cavity was prepared using surgical drills with extended 
handles. Due to a lack of time, an antibiotic-steroid den­
tal paste (Dexadent; Chema-Elektromet), a cotton pledget 
and a  Cavit temporary filling (3M ESPE) were inserted. 
At the next appointment, 4 canal orifices were detected: 
palatal; mesio-buccal 1; mesio-buccal 2; and disto-buccal. 
Gates–Glidden drills (Dentsply Sirona) were applied to 
prepare the canal orifices. After preparing a  glide path 
with hand instruments, the working length was deter­
mined with the use of an apex locator and the Mtwo ro­
tary files were used up to No. 30. During the mechanical 
preparation, 5% NaOCl and EDTA irrigation solutions 
were administrated with ultrasonic activation. All canals 
were filled with the thermal method of gutta-percha and 
AH Plus (Dentsply Sirona) as a sealer. The canal orifices 
were protected by a  flowable, colored composite mate­
rial and the cavity within the tooth crown was filled with  
Herculite XRV Ultra® (Kerr Dental). Control RVG was 
performed (Fig. 4D).

Fig. 4A. Case 4, tooth 16: Pre-operative X-ray

Fig. 4B. Case 4, tooth 16: Microscope-captured images of the pulp chamber 
floor before denticle removal

Fig. 4C. Case 4, tooth 16: Microscope-captured images of the pulp chamber 
floor during denticle removal

Fig. 4D. Case 4, tooth 16: Post-operative X-ray
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Discussion
Denticles are foci of calcification in the dental pulp, lo­

cated mostly in pulp chambers. Denticles differ in size, 
ranging from microscopic particles to larger masses that 
nearly obliterate the pulp chamber and are visible on ra­
diographs as dense, radiopaque masses.2–6 Although the 
etiological agents in the formation of  pulpal calcifica­
tions are not completely understood, the gender and age 
of the patient, various systemic disorders and long-term 
irritation, such as deep caries and extensive restorations, 
have been proposed as possible factors in the formation 
of PSs.7–10 The association of PSs and the age of patients 
has been assessed by researchers in previous studies. No 
significant correlation with an  increasing age was found 
in the studies by Aslantas et al. and Kannan et al.13,14 This 
data is in agreement with the present study.

Many prevalence studies have identified PSs using ra­
diography. Pulpal calcifications appear radiographically 
as dense, radiopaque masses. When the diameter of a PS 
is smaller than 200 μm, a diagnosis of denticles cannot be 
made using dental radiography. The most commonly used 
radiographic techniques to detect denticles are pano­
ramic radiographs,15 intraoral periapical radiographs16 
and bitewing radiographs.11 The CBCT imaging has also 
been reported to increase predictability in treating calci­
fied canals.17

A small number of  studies analyzing the location 
of denticles in the pulp cavity have been published.15,18,19  
According to Syryńska et al., denticles occurred in the pulp 
chambers of  69.4% of  individuals; PSs were found in the 
canals on only 3.5% of 165 panoramic radiographs.15 This 
data corresponds with our study, where a radicular stone 
was described in only 1 case (case 3). According to the lite­
rature, denticles occur more frequently in the maxillary 
teeth than in the mandibular teeth. The present study is in 
accordance with this finding.20,21 Nowadays, CBCT is more 
common in dental practice, as it is helpful in providing pre­
cise three-dimensional (3D) images of anatomic details, 
which are useful for diagnosis and endodontic treatment 
planning.22 The CBCT examination could be an efficient 
technique in diagnosing and locating denticles and calci­
fied canals. The knowledge of the distribution of PSs can 
help dental practitioners in clinical endodontic treatment. 
This diagnostic tool was also applied in case 2. The removal 
of PSs from the pulp chamber is a difficult, laborious and 
time-consuming process, which requires not only skill and 
dexterity, but also the right equipment and magnification 
devices.23,24 These conditions were fulfilled while treating 
the teeth described in this study in all cases. At present, 
the main methods for dealing with root canal calcifica­
tion include appropriate pre-operative dental radiography, 
good magnification (a dental OM), instruments such as 
small K files or C files, and ultrasonic equipment with end­
odontic tips.25 Large PSs can be dissected out of the pulp 
cavity using long-shank rose-head burs for a  slow-speed  

handpiece, but ultrasonic instruments with diamond-coated  
ultrasonic tips make their removal far easier. The power 
of an ultrasonic device for the endodontic tips should be set 
according to the manufacturer’s recommendations. Ultra­
sonic tips can be used with or without water cooling. When 
used in dry conditions, it is recommended to take several 
breaks for the irrigation of  the pulp cavity with a NaOCl 
or EDTA rinsing solution. Denticles in our study were re­
moved from the pulp chamber with Munce Discovery Burs 
and an ultrasonic device with endodontic tips. In our cases, 
ultrasonic tips were used without water cooling and with 
profuse NaOCl irrigation during the breaks. A similar pro­
cedure was presented by Nanjannawar et al., who reported 
removing denticles with ultrasonic instruments used with 
copious sodium hypochlorite irrigation.26 In their study, 
long radicular calcifications were finally retrieved from the 
palatal canals with the help of tweezers.26 Recently, a new 
report on the potential of  non-instrumental methods to 
remove pulpal calcifications was published. Chen et al., 
in an ex vivo study, evaluated the removal of calcifications 
with the GentleWave® system using the micro-CT imaging 
as the method of estimation.27 The researchers concluded 
that calcifications in the distal canals of  the mandibular 
molars could be partially or completely removed by the 
multisonic cleaning system without instruments.27

Severe pulp space calcification is a  challenge in cases 
of periapical lesions. In cases 1 and 2 of this study, with dia­
gnoses of  calcifications and apical periodontitis, denticles 
were successfully removed with the use of elongated rose-
head burs and ultrasonic special tips. Unfortunately, in deal­
ing with calcified root canals, the preparation of an access 
cavity and the identification of  the canal orifices may lead 
to an excessive loss of the tooth tissue, the risk of fracture, 
and – in consequence – a high failure rate. The dentist must 
be familiar with the anatomical clues which are helpful in lo­
cating calcified canal orifices: the color of the pulp chamber 
floor is always darker than the yellowish walls, and the root 
canal orifices are always located at the junction of the walls 
and the floor. The orifices of the root canals are located at the 
terminus of the root developmental fusion lines.28

Recently, guided endodontics has become an optional 
solution for cases with severe pulp space calcification. 
This modern technology is designed to handle pulp canal 
calcifications in teeth with straight and thin roots with the 
use of the CBCT scans to map the degree of obliteration 
and a printed template that guides the bur to the calcified 
root canal. Micro-guided endodontics provides a  pre­
cise, fast and operator-independent technique without 
the unwanted removal of enamel and dentin.29,30 Due to 
the rapid technological progress in dentistry, guided end­
odontics may become standard in the future and may also 
be established in endodontic practices.
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