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Title picture: From the review of Till Dammaschke, here Figure 2: Example of a two-component calcium silicate-based sealer 
consisting of powder and water (BioRoot RCS; Septodont, Saint-Maur-des-Fossés, France). For powder and water-based sealers, 
the consistency can be adjusted to match the clinical situation, p. 71–79; (Fig. 2: T. Dammaschke)
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The deglutition act/ 
swallowing reflex

Question: 
What is the importance of the de -
glutition act/swallowing reflex with 
regard to the regulation and feedback 
mechanisms of the stomatognathic 
system?

Background
The deglutition act represents one of 
the most frequent motor functional 
processes in our body, which coor-
dinates more than 50 pairs of 
muscles. It can be understood as a 
complex reflux event. In the wake 
state, we swallow around 0.5–1.5 ml 
of saliva per minute, mostly uncon-
sciously. During deep sleep, sali-
vation and swallowing activities are 
largely at rest [1]. In addition to regu-
lating salivary flow, the deglutition 
act also appears to have an important 
influence on the regulatory and feed-
back mechanisms of the entire sto-
matognathic system. Since the lower 
jaw usually moves dorsally and the 
dental arches of the maxilla and 
mandible come into brief contact 
during the swallowing act [2, 4, 7], a 
physiological sequence of the swal-
lowing activity is essential for con-
trolling the masticatory muscles. 
During the physiological deglutition 
act, feedback is provided via the re-
ceptors in the periodontal attach-
ment apparatus, as well as, those in 
the masticatory muscles and tempo-
romandibular joint; this feedback is 
responsible for establishing impor -
tant control variables of the stoma-
tognathic system, such as the rest 
position of the mandible when the 
masticatory muscles are relaxed. Each 

muscle works by shortening itself. 
However, a muscle which is con-
stantly shortening (working) also 

requires information about what 
“length” it should maintain or set 
in the relaxed rest mode. Skeletal 

Figure 1 Shortly before the deglutition act: the back of the tongue closes off the oral 
cavity from the pharynx. The respiratory air can still flow into the trachea via the nose 
(redrawing according to [6]).

Figure 2 During the deglutition act: The tongue is displaced dorsally. The soft palate  
is raised and together with Passavant‘s ridge, it closes off the upper respiratory tract. 
Through the backward displacement of the hyoid bone and tongue, the epiglottis is 
pushed over the trachea. The food bolus can be transported into the esophagus  
(redrawing after [6]).
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muscles, for example, use feedback 
from their direct antagonists’ activity 
for establishing their “length” at rest; 
hence, an interplay between “flexors” 
and “extensors” is involved. In the 
stomatognathic system, this simple 
interplay as it occurs in the extrem-
ities is not so obvious. It is also 
necessary to consider that the stoma-
tognathic system has to serve two 
functions. On the one hand, it per-
forms the function of mastication, 
while on the other hand, it is a part 
of the organ of speech, so that, differ-
ent centers in the brain – which par-
tially compete with each other – 
exert their control functions on the 
stomatognathic system [3]. In this 
manner, a “reset” through which the 
stomatognathic system always finds 
its physiological rest position repre-
sents a necessary set of rules for the 
undisturbed function of the stoma-
tognathic system. The fact that the 
mandible can reliably and repro-
ducibly be brought into the centric 
position during swallowing, and be-
cause this happens very frequently 
and unconsciously in the waking 
state, suggests that swallowing activ-
ity has an important control func-
tion. The occlusal contact which 
takes place between the upper and 
lower dental arches during the swal-
lowing cycle generates a vertically 
acting force of approximately 30 N 
[7]. The occlusal forces that are eli-
cited during swallowing can modify 
the resulting force system. The force 
is thus not constant meaning that 
there is a continuous increase and de-
crease.

Sequence of the deglutition 
act
The deglutition act is characterized 
by 3 partial processes [5, 8]:
• preparation and transport of food 

from the oral cavity through the 
pharynx into the esophagus,

• closure of the nasopharynx,
• closure of the laryngeal inlet.
After food is mechanically broken 
down and moistened with saliva, the 
deglutition act is triggered. The de -
glutition act is divided into a preoral, 
oral, pharyngeal and esophageal 
phase. All phases transition smoothly 
into one another [1, 5]. The food 
bolus which is prepared in the pre-

Figure 3 Schematic overview of the muscles involved in the deglutition act (from [5]).

Figure 4 Schema of the neuromuscular control of the deglutition act. 
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Figure 5 Pacinian corpuscles, H&E stain-
ing, magnification 20x.

oral phase (women 14–20 ml, men 
20–25 ml) [6] is positioned on the 
back of the tongue. The tip of the 
tongue positions itself against the 
upper anterior teeth and anteriorly 
against the hard palate. The lateral 
areas of the tongue lift up and form a 
spoon-shaped depression for the 
bolus. The posterior pharyngeal part 
of the tongue arches up and comes 
into contact with the soft palate. This 
initially keeps the bolus in place and 
prevents it from sliding into the 
pharynx (so-called glossopharyngeal 
sphincter) (Fig. 1).

The lips close and the mandibular 
incisors approach the maxillary in-
cisors. The anterior two-thirds of the 
tongue pushes the bolus toward the 
pharynx using peristaltic move-
ments. The hyoglossus and styloglos-
sus muscles lift the tongue cranially 
and the palatoglossus muscles pull 
the back of the tongue dorsally  
(Fig. 2, Fig. 3). The dental arches 
come into contact. The soft palate is 
lifted by the tensor veli palatini and 
levator veli palatini muscles and 
pressed against the Passavant‘s ridge. 
This opens the auditory tube. The 
Passavant‘s ridge is formed by the 
contraction of the superior pharyn-
geal constrictor muscle. Together, the 
soft palate, Passavant‘s ridge and the 
posterior dorsum of the tongue seal 
the upper airway and prevent the 
bolus from passing prematurely into 
the pharynx. The anterior two-thirds 
of the tongue now generate peristal-
tic movements that briefly open the 

oropharyngeal isthmus and transport 
the bolus toward the pharynx (Fig. 2). 
In this phase, the floor of the mouth 
is lifted by the suprahyoid muscles. 
This causes the hyoid bone and  
larynx to be displaced cranially. The 
epiglottis is passively displaced over 
the laryngeal inlet. Reflex closure  
of the glottis and inhibition of the  
respiratory muscles follows. Further 
transport is achieved by rhythmic 
contractions of the pharyngeal con-
strictor muscles, especially the in-
ferior pharyngeal constrictor muscle. 
In the esophagus, peristaltic waves 
that are generated by the esophageal 
muscles transport the bolus further 
on toward the stomach [5].

The entire mechanism of degluti-
tion represents a regulatory feedback 
system (Fig. 4) with an afferent and 
efferent pathway. The former begins 
in the mucosa of the palatal arches, 
the base of the tongue and the pos-
terior pharyngeal wall. This is where 
free nerve endings and nerve ending 
corpuscles are located in the mucosa. 
While the free nerve endings register 
the sensation of pain, the nerve end-
ing corpuscles, Pacinian corpuscles 
(Fig. 5), Ruffini corpuscles (Fig. 6), 
Meissner tactile corpuscles (Fig. 7), 
among others, register the sensations 
of pressure, shock and tension. The 
structures made from glial tissue (la-
mellae, spheres, cylinders, branches, 
etc.) serve to enlarge the receptive 
surface [8] (like antennas) for the re-
ceived stimuli. The afferent fibers of 
nerves IX and X are relayed in the 

medulla oblongata and run via the 
thalamus (center of sensation) to the 
sensorimotor cortex (region behind 
the central sulcus) of the cerebrum. 
The reticular formation of the medul-
la oblongata also contains the center 
of deglutition (Fig. 4), which regu-
lates vegetative processes.

After being further relayed in the 
central nervous system, the efferent 
pathways (as pyramidal and extrapy-
ramidal pathways) reach the muscles 
of the effector organs, including the 
pharynx, base of tongue, larynx, 
esophagus as well as the neck 
muscles, via the nuclei of the cranial 
nerves V, VII, IX, X, XI, XII and the 
cervical segments C1-C3 [5]. The de -
glutition act can therefore take place 
cortically or subcortically depending 
on whether it occurs consciously or 
unconsciously. The causes of swal-
lowing disorders (dysphagia) are var-
ied and correspond to the phases of 
swallowing. For example, in func-
tional disorders of the medulla ob-
longata such as bulbar palsy, dys -
phagia is one of the cardinal symp-
toms [8].

Statement
The deglutition act is a highly com-
plex reflux event in which we distin-
guish a preoral, oral, pharyngeal  
and esophageal phase. In total, swal-
lowing involves more than 50 pairs 
of muscles, 6 cranial nerves as well  
as nerves of the cervical seg-  
ments C1-C3. With approximately 
1000–2000 swallowing cycles taking 

Figure 6 Ruffini-corpuscles, Kresazan 
staining, magnification 40x.

Figure 7 Meissner tactile corpuscle, H&E 
staining, magnification 40x.
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place every day, swallowing repre-
sents one of the most frequent motor 
functional processes in the body. The 
act of deglutition not only serves the 
purpose of food intake and the reduc-
tion of the amount of saliva in the 
oral cavity, but it also plays an ob-
vious and important role in the self-
regulatory processes of the stomato -
gnathic system such as the (re)setting 
of the rest position of the mandible. 
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Sebastian Bürklein, Tom Schloss, Marc Semper, Birger Thonemann

CBCT in surgical endodontics –  
a must-have?!

Abstract: 3D diagnostics – i.e. CBCT – has become indispensable in endodon-
tic and endosurgical diagnostics, treatment and control (follow-up) and has 
become a real “gamechanger” not only for experienced colleagues and special-
ists. With the increasing complexity of cases, the superimposition-free and 
dimensionally accurate display of even the smallest details is gaining in 
impor tance and offers an excellent assessment of the prognosis of the teeth to 
be treated, thus allowing a high degree of certainty in treatment planning as 
well as (evidence-based) patient education. This is especially relevant for endo-
surgical procedures with their close relationships to anatomically significant 
structures (e.g.: maxillary sinus or nervous structures). Nevertheless, CBCT 
requires a high degree of responsibility with regard to the use of ionizing radi-
ation. The ALARA principle (“As Low As Reasonably Achievable”) is more and 
more replaced by ALADA (“As Low As Diagnostically Acceptable”). It is always 
necessary to decide whether the patient‘s well-being is more compromised by 
not taking the X-ray than by the ionizing radiation and its consequences. 
Even though there is current evidence that exposure to low-dose radiation 
with a cumulative dose of up to 100 mSv does not appear to increase the risk 
of cancer, each CBCT-scan is a justifiable, indication-based, case-by-case deci-
sion that must always be made on the basis of a thorough history and clinical 
examination, taking into account any previous images that may be available. 

Keywords: apical surgery; CBCT; endodontics; microsurgery; radiation expo-
sure; surgical; endodontics; treatment outcome; radiography
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1. Introduction
Endodontic treatment aims at preven-
tion or treatment of pulpal/periradicu-
lar pathology with the overarching 
goal of tooth preservation. Endodon-
tic failures usually result from the fail-
ure to achieve this primary goal, and 
revision is intended to correct the in-
adequacies of the initial treatment. In 
this context, revision is defined as a 
treatment on a tooth that has received 
previously attempted definitive treat-
ment, with a condition that requires 
further endodontic treatment to pre-
serve the tooth. 

Non-surgical endodontic retreat-
ment should always be the first treat-
ment choice when failed endodontic 
treatment is identified. In principle, 
there are four possible procedures 
about which the patient must be in-
formed in order to give consent:
• non-surgical endodontic retreatment,
• apical surgery (root tip resection),
• extraction (with or without replace-

ment; transplantation if necessary),
• no treatment (this choice requires 

proper documentation),
The decision on the alternative ther-
apy is usually relatively simple if an 
obvious reason for the pathological 
finding can be established. 

2. Indications for an  
apicoectomy

Endosurgical intervention may be 
considered in the following cases 

when clinical and/or radiographic 
signs of apical periodontitis are pres-
ent: 
• teeth with obliterated and/or no 

longer instrumentable root canal 
(Fig. 1),

• indicated, but orthograde not fea -
sible root canal treatment or in 
case of significant morphological 
variations of the roots (Fig. 1),

• persistent apical periodontitis with 
clinical symptoms or increasing 
radiographic osteolysis after com-
plete or incomplete root canal fill-
ing or revision treatment, if this 
cannot be removed or improved 
only at disproportionate risk (Fig. 2),

• fracture of a root canal instrument 
near the apex which cannot be re-
moved orthogradically (Fig. 3),

• apical perforations that can no 
longer be corrected orthogradically 
and were caused iatrogenically 
during primary treatment (Fig. 3 
and 4),

• extruded root canal filling material 
with clinical symptoms or involve-
ment of neighboring structures 
(maxillary sinus, mandibular 
canal) (Fig. 1–4),

• horizontal root fractures in the 
apical root third with infection of 
the apical fragment,

• already resected teeth – as an alter-
native to or in addition to ortho-
grade revision, e.g. suspected api-
cal in/fractures (Fig. 2),

• iatrogenic injury of root tips 
caused by preceding surgical pro-
cedures (e.g. cyst removal, biopsy),

• teeth with complex prosthetic res-
toration or large-volume post 
build-up (Fig. 5).

A thorough general and specific medi-
cal history as well as a comprehensive 
clinical diagnosis in combination 
with appropriate imaging techniques 
are always obligatory for the decision 
regarding the choice of therapy.

3. Imaging techniques
In endodontic treatment, the intraoral 
dental X-ray is still the most impor -
tant tool for radiographic imaging of 
the teeth. X-rays penetrate the tissue 
and are diminished by absorption and 
scattering as they pass through the  
tissues. Absorption is element depen -
dent – structures with elements of 
high atomic numbers absorb X-rays 
more than those with lower atomic 
numbers. This produces the typical 
grayscale image, which either must be 
developed (analog radiographs) or 
made visible by digital processing of 
an image receiver. In conventional 
X-ray technology, a spatial object is 
displayed two-dimensionally on the 
dental X-ray or monitor. Superimposi-
tions, distortions, addition and sub-
traction effects as well as hardening  
artefacts can occasionally result in in-
dividual objects no longer being differ-
entiable. If, for example, a projection 

Figure 1 A = preoperative X-ray (tooth 26) after root canal 
treatment and root filling with iatrogenic ledge formation and 
complex root canal morphology. B1,2 = coronal and sagittal 
view (CBCT) with an apical periodontitis. C = annual follow-up 
in (X-ray) with no evidence of a pathological finding. D1,2 =  
coronal and sagittal view (tooth 26) with complete osseous  
regeneration.

Figure 2 A = periapical X-ray (tooth 26) after multiple ortho-
grade retreatment and surgical preservation attempts performed 
alio loco. B1,2 = pre-shot-image in 2 planes to set the ROI  
(region of interest). C,D = CBCT (sagittal and coronal view) 
through the palatal root with involvement of the maxillary  
sinus (perforation) and reactive mucosal swelling. E = maximum 
extent of osteolysis at the palatal root in the axial section.

BÜRKLEIN, SCHLOSS, SEMPER ET AL.: 
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of the roots without superimposition 
and their differentiation is not pos -
sible when assessing periapical struc-
tures, it may be indicated to take addi-
tional eccentric images (approximately 
30 ° mesially or distally eccentric from 
the orthogonal setting). The addi-
tional information makes it possible to 
infer the three-dimensional reality. 
However, when comparing single 
tooth X-rays (e.g. follow-up radio-
graphs), the same exposure angles, ex-
posure times, amperage (mA), voltage 
(kV) and sensors are always required in 
the sense of standardized radiographs.

4. CBCT 
CBCT images are created from multiple 
two-dimensional projection images 
from different directions during the de-
fined orbit of the radiation source and 
detector around the object. These indi-
vidual projections are then combined 
by mathematical algorithms to form 
3D data (primary reconstruction). 
Based on the absorption values in the 
tissue, gray values are assigned to the 
irradiated object with respect to the  
voxels (= volumetric pixels) by means 
of mathematical algorithms. In im-
aging, a gray level distribution can be 
viewed as a mathematical function and 

each function can be fully recovered 
from integrals over an infinite number 
of lines passing through the function 
[40]. The underlying reconstruction 
principle itself is called “back projec-
tion”. Nowadays, for easy and fast im-
plementation, the well-known Feld-
kamp algorithm is used in its original 
form or in various modifications to cre-
ate the primary reconstruction. On the 
PC, all desired slice directions of the 
FOV (Field of View) can then be cre-
ated in the secondary reconstruction. 
The major advantage of the images is 
the isometry of the voxel. It is the same 
in length, width and height (isometry), 
therefore length and angle measure-
ments can also be made in the CBCT, 
which are free of any superimpositions.

4.1 CBCT-associated artefacts 
If differences occur between the 
image and reality, these are referred 
to artefacts, which must always be 
taken into account when making 
findings. The following typical arte-
facts are distinguished:

• Metal artefacts 
Caused by scattering: photons that 
are diffracted from their original path 
after interaction with matter con-

tribute to increased measured pri-
mary intensities.

•  Extinction artefacts
Particularly thick and dense materials 
(e.g. gold restorations) lead to an 
incident intensity of “zero” on the 
detector (= complete absorption), 
which means that no absorption can 
be calculated [38].

•  Beam hardening artefacts
Beam hardening is one of the best 
known sources of artefacts [13]. When 
the beam spectrum passes through 
dense objects, lower energy beams are 
significantly absorbed. The denser the 
object and the higher the atomic 
number, the greater the fraction of ab-
sorbed wavelengths. Consequently, 
the object acts like a filter and 
relatively more high-energy radiation 
hits the detector resulting in dark 
fringes. This effect is more pro-
nounced in lower radiation energy 
spectrum. Even light metal such as ti-
tanium leads to beam hardening with 
the common used voltage values (KV).

•  Motion artefacts (Fig. 6) 
Breathing, heartbeat (pulse), blinking 
and muscle tone lead to movements 

Figure 3 A = persistent complaints occurred in regio 36 after multiple retreatments 
and a perforation repair. B = coronal view (CBCT) with extruded root canal filling  
material in the area of perforation repair. C = situation after microsurgical apicoectomy. 
D = 1-year follow-up (periapical X-ray) with no evidence of pathology. E,F = sagittal  
and coronal view (CBCT) with complete bony regeneration and perfect bevel angle.

Figure 4 Iatrogenically fractured and dis-
placed instrument over the apex, which 
was orthograde and no longer remov-
able. Bottom: Two-year follow-up (peri-
apical X-ray 16) with almost complete 
osseous regeneration (root end filling 
with Biodentine (Septodont, Saint- 
Maur-des-Fossés, France).

BÜRKLEIN, SCHLOSS, SEMPER ET AL.: 
CBCT in surgical endodontics – a must-have?!
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of the object points during the expo-
sure time, which are, however, con-
sidered to be stationary/immobile. 
Consequently, details in the recon-
struction may be assigned to several 
voxels. This causes so-called “motion 
blurs” – especially at higher exposure 
times. The sum of motion blurs (up 
to 1400 μm) can be a multiple of a 
voxel size (70–400 μm). Thus, the ex-
posure time and the fixation of the 
patient are important factors for the 
expected image quality. 

•  Exponential Edge Gradient  
Effect (EEGE)

This effect occurs at sharp edges (e.g. 
crown edges) with high contrast to 
neighboring structures and consists 
of delicate stripes or thin, alternating 
dark and light lines behind the ob-
jects. It arises due to the difference 
between the finite beam and focal 
spot width when mathematically as-
suming a width of “zero”. It can be 
compared to the penumbra of a light 
source.

•  Aliasing artefacts 
To be able to reconstruct a detail 
completely, the sampling frequency 
(here pixel size of the detector) must 
be twice as large as the object (Ny-
quist theorem). A so-called “under-
sampling” and the divergence of the 
cone beam cause the aliasing arti-
facts, which appear as a fine line pat-
tern (moiré pattern), which diverge 

towards the periphery of the irradi-
ated volume [12].

Noise
Noise does not belong to the artifacts 
themselves, but it affects CBCT image 
quality by reducing the contrast res-
olution of low-density object details, 
which are consequently more dif-
ficult to differentiate – similar to a 
digital camera providing lower 
quality images in low light con-
ditions. This is because the current 
intensity (mA) is matched to that of 
conventional CT devices for dose re-
duction reasons, but this is associated 
with a lower signal-to-noise ratio in 
CBCT [49].

4.2 Cone beam volume  
tomo-graphy (CBCT): 
forensic basics

Today, imaging diagnostics in end -
odontics is essentially supplemented 
by the possibilities of digital volume 
tomography. For the justifying indi-
cation, a comprehensive basic diag-
nosis should always have been per-
formed prior to taking a CBCT image 
[17]. Furthermore, the FOV should be 
limited to the region of interest and 
the highest possible nominal reso -
lution should be aimed for, in terms 
of a voxel size of ≤ 125 μm [46], al-
though the spatial resolution that 
can actually be achieved is signifi-
cantly higher than the nominal size 
of the voxel [7, 49].

It is acknowledged that CBCT has 
a higher sensitivity than conven-
tional diagnostics in a large number 
of indications in the field of end -
odontics [36]. With regard to the 
benefits for patients and the evidence 
for modifying treatment plans, there  
are contradictory statements. While 
some authors in systematic reviews 
are very critical of CBCT use and its 
potential advantages and disadvan-
tages [27, 44], others describe a broad 
impact on treatment decisions for 
specific indications – especially for 
endodontic surgery [14, 32, 42, 43, 
57]. 

The fundamental question is 
therefore: when is the ideal time to 
obtain a CBCT in addition to the 
single-tooth radiograph (signs and 
symptoms => treatment needs =>  
indication)? In order to detect iatro-
genic problems caused by previous 
treatments (e.g. canal displacements 
in bucco-lingual alignment, perfora-
tions), which may have an influence 
on the outcome of the planned ther-
apy [21], superimposition-free 3D 
diagnostics may already be indicated 
when deciding between surgical or 
nonsurgical intervention. Regardless 
of this, the patient‘s consent must be 
obtained before any dental interven-
tion, and only after comprehensive 
(evidence-based) information has 
been provided on therapy, alter-
natives, risks and side effects, as well 
as prognosis.

Figure 5 A = tooth 11 with an intact individual root post  
(orthograde only removable with a high risk), but without an 
appropriate root canal filling and an apical periodontitis. 
B,C = sagittal and axial section through the ROI. Note: a large 
incisive canal is visible directly adjacent to the apical periodon -
titis. D = postoperative X-ray (tooth 11) after microsurgical  
apicoectomy with axial retrograde preparation and root canal 
filling. E = 1-year follow-up with a complete osseous healing 
(periapical radiograph tooth 11).

Figure 6 Detail out of the “implant 
view” in a CBCT. Considerable blurring 
due to patient movement
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5. General endodontic  
indications

General endodontic indications 
when two-dimensional imaging diag-
nostics provide no or insufficient in-
formation for treatment planning 
and prognosis, or the existing clinical 
findings and symptoms do not suffi-
ciently substantiate a corresponding 
tentative diagnosis: 
• periapical examination,
• detection of root fractures,
• suspicion or presence of perfor-

ations, especially post perforations 
(Fig. 2),

• in individual cases, if endodontol-
ogical therapy is made more difficult 
by certain accompanying circum-
stances, such as complex anatomy 
of the root canal system (Fig. 1),

• planning of endodontic-surgical 
treatments, especially when aggra-
vating factors, such as the endan-
germent of anatomical neighboring 
structures, are present (Fig. 5),

• determining the position of intra -
canal fractured root canal instru-
ments (Fig. 2),

• assessment of internal and exter-
nal root resorptions (Fig. 7),

• assessment of bone conditions 
(esp. buccal cortical and furcation 
areas) (Fig. 8),

• dental or dentoalveolar trauma,
• obliterated, calcified root canals,
• retreatment and/or assessment of 

root canal fillings.

5.1 Endosurgery
In principle, the increased use of the 
surgical microscope in endodontic 
surgery has overcome many of the 
shortcomings of earlier techniques. 
This is also true in the context of the 
development of microsurgical instru-
ments, axis-aligned retrograde prep-
aration with ultrasonic tips, and new 
are more biologically compatible 
root-end filling materials. Endodon-
tic microsurgery is a minimally inva -
sive technique associated with less 
postoperative pain, edema and faster 
wound healing, with a significantly 
higher success rate than traditional 
apical surgery [19]. 

Three-dimensional diagnostics is 
also mentioned as a component, key 
concept and important procedural 
step of endodontic microsurgery. The 
advantages of three-dimensional 

diagnostics clearly result from the 
superimposition-free display of all de-
tails and their neighboring structures. 
Even though endosurgical procedures 
in the “pre-CBCT era” were always 
planned and performed using con-
ventional diagnostics, CBCT has 
special significance as a valuable 
diagnostic aid in decision-making,  
especially in complex cases [1, 34]. 
Consodering the adjacent anatomical 
structures that could be injured in 
the course of an endosurgical pro-
cedure, knowledge of the exact struc-
tures would appear to be useful. The 
mental foramen, maxillary sinus, 
Underwood septa in the maxillary 
sinus (Fig. 9), inferior alveolar nerve, 
retromolar canal, nasal spina, incisive 
canal, nasopalatine duct, and nasal 
floor can be reliably diagnosed and 
evaluated in their actual positional 
relationship to the apices [8, 29, 37, 
56] (Fig. 10). The complexity of the 
cases increases with the destruction 
of the cortical structures with or 
without communication to the mar-
ginal periodontium or the so-called 
“through-and-through” defects (oral 
and vestibular cortices affected)  
(Fig. 8 and 9). Here, membranes are 
usually required for regeneration 
(GBR/GTR) [61]. This results in a 
necessity for 3D diagnostics with re-
gard to the treatment planning for or 
against tooth preservation and es-
pecially for surgical intervention.

5.2 Non-endodontic surgical 
procedures

Furthermore, information regarding 
the treatment options can also be ob-
tained in the context of primarily 
non-endodontic surgical procedures. 
With regard to the treatment of ex-
ternal cervical resorption (ECR), a 
new classification has already been 
implemented based on 3D diag-
nostics [33]. This new classification 
allows a more reliable treatment 
planning, effective and accurate 
communication between colleagues, 
and a more reliable statement regard-
ing the prognosis of the affected 
teeth. 

Similarly, analogs can be printed in 
advance for teeth that are not worth 
preserving, if needed, with a regard to 
possible (auto)transplantation of teeth, 
and thus the graft bed (recipient bed) 

Figure 7 External invasive cervical resorption (EICR) tooth 12. Extension to the middle 
third of the root, circumferential extension > 270 °, possible pulp involvement: CBCT 
based classification tooth 12 = 3Dp; additionally tooth 11 affected = 2Bd.
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can be ideally adapted to the graft 
without damaging it [5, 23, 58].

5.3 Guided endodontic surgery 
Computer-aided dynamic navigation 
and “guided surgery” can also be re-
garded as a new field. There are now 
several case reports that have success-
fully performed surgical procedures 
using navigated, guided surgery – 
based on CBCT data. The size of the 
bone window, the angulation and the 
depth of the trephine drill can be 
planned and defined preoperatively 
and appropriate templates can be 
made. After preparation of the muco-
periosteal flap, the apicoectomy is 
then performed dynamically guided 
by means of a stereoscopic motion-
tracking camera or directly and simul- 
taneously using a template-guided 
trephine drill [3, 20, 52, 53]. In ca-
daver studies, the use of CBCT-based 
surgical templates was shown to be a 
more accurate method for accessing 
the root apex compared to a “hands-
free” CBCT-guided method [2, 18].

5.4 Guided endodontics
A distinction must also be made be-
tween navigated endodontics, which 
has already become established as a 
treatment option. Instead of surgical 
intervention, a guided orthograde 
procedure based on CBCT data can 
also be considered in special cases. 
Precise planning and the fabrication 
of a suitable drilling template, based 
solely on DICOM and/or an intraoral 
scan (STL data) linked to the CBCT 
data, can determine the depth and di-
rection of the access cavity. Thus, a re-

liable location of the obliterated canal 
system in “deep” root areas is possible 
and surgical intervention can thus be 
avoided [26, 28]. The increased costs 
and time expenditure for the creation 
of the splint as well as the possibly in-
creased radiation exposure must be 
taken into consideration.

6. “Treatment outcome” in 
endosurgery

Traditionally, success rates in end -
odontics are determined by means of 
dental X-rays with the PAI (periapical 
index), whereas in the context of 
end odontic surgical procedures the 
classification according to Rud and 
Molven is used [30, 31, 45]. Here, the 
periapex of the roots is analyzed and 
evaluated in the image with regard to 
any pathologies (especially osteolysis 
and widening of the periodontal liga-
ment). The evaluation of treatment 
courses using dental X-rays is well es-
tablished in the literature despite the 
inherent limitations (superimposi-
tions, distortions, addition and sub-
traction effects, and hardening arte-
facts). This guarantees comparability 
with older studies as well as good 
radiation hygiene.

Studies have described a number 
of predictors for the success of endo-
surgical therapies, in particular being 
indirectly negatively influenced by a 
decrease in crestal bone height. Root 
defects, the presence of preoperative 
clinical signs and previously perform-
ed retrograde root canal fillings, size 
of the lesion, axis-appropriate retro-
grade preparation are also discussed 
as factors [22] (Fig. 1–5). In summary, 

positive treatment outcomes have 
been demonstrated in up to 94 % of 
cases using microsurgical techniques 
[11, 41, 55]. In this context, microsur-
gical procedures seem to be more 
promising than traditional techniques 
[50]. Thus, microsurgery can be con-
sidered “state of the art” at least in 
specialist practice [11, 19, 24, 50, 51].

If CBCT is used to monitor out-
come (follow-up), significantly more 
indices (e.g.: thickness of cortical 
bone, resection area and angle, axial 
position of retrograde root filling) can 
be investigated and thus healing can 
be evaluated more accurately [60] 
(Fig. 1 and 3). Reliable CBCT-based 
periapical indices have been proposed 

Figure 9 A,B,C = axial, coronal and  
sagittal CBCT images regio 17. A septum 
in the maxillary sinus (Underwood sep-
tum) extends between the buccal roots 
and the palatal root.

Figure 8 Superimposition-free axial, coronal and sagittal CBCT-views (tooth 16) with an apical periodontitis and loss of buccal lamella 
and inter-radicular bone 
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[15, 16] and now there are some 
studies evaluating traditional two-di-
mensional (2D) and three-dimen-
sional (3D) healing in endosurgical 
procedures [10, 47, 54, 59]. All studies 
suggest that CBCT has up to 1/3 
higher sensitivity in detecting patho-
logical structures than dental X-ray. 
Nevertheless, this does not justify 
CBCT analysis for periapical diagnosis 
as a standard method [27], even 
though the exact measurement and 
comparison of the volume (cm3) of 
any pre- or postoperative osteolysis 
can be considered as a clear advantage 
of 3D evaluation (Fig. 2). With regard 
to the influence of regenerative tech-
niques (GBR/GTR) on healing, this 
can provide valuable information [24] 
and clarity as to whether complete 
healing/regeneration has occurred 
and whether the one-year follow-up is 
sufficient to assess healing (uncertain 
healing). CBCT seems to be suited re-
liably differentiating cortical bone loss 
caused by the osseous access cavity 
from other pathologies or osteolytic 

processes. Irrespective of this, histo-
logical examination is indispensable 
for an exact assessment and differenti-
ation of apical pathologies and the de-
tection of malignancies [6].

7. Radiation protection 
In general, the risk-benefit ratio in 
terms of radiation exposure during 
diagnosis and follow-up visits is in 
favor of conventional two-dimen-
sional radiography, which is asso -
ciated with an effective dose of 
0.6–5 μSv when a dental X-ray is 
made, whereas CBCT can manage 
19–55 μSv with adapted setting para -
meters and a small FOV according to 
SEDENTEXCT [35]. 

However, CBCT devices differ in 
technology (sensor, detector) as well as 
frame rate, rotation time, and rotation 
angle when the patient is exposed, so 
that effective doses can vary extremely 
(factor 20 to 170) for comparable pa -
rameters [4, 35]. In general, a higher-
resolution and higher-contrast image 
is produced via a higher number of 

baseline projections. However, this is 
countered by a resulting higher radi-
ation dose. In most CBCT devices, pro-
grams are therefore implemented that 
either reduce the number of base pro-
jections or the radiation dose. The 
higher the resolution, the higher the 
radiation dose required for this pur-
pose with the same field-of-view 
(FOV), because more raw images are 
taken in high-resolution mode, which 
is always associated with a longer ex-
posure time. However, when using a 
reduced number of raw images in 
order to reduce radiation dose, the risk 
of blurring due to motion artefacts 
may be increased (Fig. 6).

Nevertheless, the height of the 
field-of-view (FOV) is the most impor -
tant factor for the radiation dose. De-
pending on the detector size, the cur-
rent, modern CBCT devices allow the 
acquisition of different volume sizes 
representing cylinders with adjustable 
diameters and corresponding heights 
(e.g., large volumes [12–15 cm], medi-
um volumes [8–11 cm] and small vol-
umes [approx. 5 cm diameter]). The 
function of “pre-shots” (Fig. 2 B1,2) 
from 2 planes can reliably ensure the 
exact alignment of the volume with 
the ROI (region of interest). For end -
odontic purposes, small FOVs suffi-
cient for the diagnostic task should 
always be selected. This leads to a 
lower radiation dose and a reporting 
limited to the ROI, as it is mandatory 
to evaluate all structures visible in the 
CBCT. When evaluating small FOVs 
and strictly limited ROIs, it is usually 
not necessary to analyze cranial 
structures, which may be beyond the 
scope of even experienced dentists. 
However, more endodontic graduate 
and post-graduate education about 
CBCT use and diagnostics seem to be 
needed [39].

8. Conclusion 
The routine acquisition of three-di-
mensional images (i.e. CBCT) with 
corresponding limited FOV is cur-
rently not “state of the art” in end -
odontic diagnostics and follow-up 
care. For radiation protection and 
legal requirements, the practitioner 
“must” provide a justifying indication 
for each X-ray exposure. The exposure 
of the patient to ionizing radiation 
must be considered according to the 

Figure 10 Coronal, axial and sagittal slice (CBCT) regio 23. Extensive osteolytic process 
starting from tooth 23 with loss of the bony barrier to the nasal floor as well as the pala-
tal corticalis (palatum durum).
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ALARA principle (“As Low As Reason-
ably Achievable”). Thus, the practi-
tioner must always decide whether 
the patient‘s well-being is more 
compro mised by not taking the radio-
graph than by the ionizing radiation 
and its consequences, even though 
there is current evidence that expo-
sure to low-dose radiation with a 
cumulative dose of up to 100 mSv 
does not appear to increase the risk of 
cancer [48]. This may justify to replace 
the ALARA principle by ALADA (“As 
Low As Diagnostically Acceptable”).

Nevertheless, 3D diagnostics has 
become indispensable in endodon- 
tics and has become a real “game -
changer” for experienced colleagues 
and specialists. The increasing com-
plexity of cases, especially in special-
ist offices, leads to “negative selec-
tion” of supposedly hopeless cases. 
Here, due to the possibly multiple 
previous treatment and rescue at-
tempts with possibly iatrogenic root 
canal transportations and/or perfo -
rations [21], a realistic assessment of 
the preservability of the affected 
teeth is no longer possible without a 
spatial, superimposition-free visuali -
zation of all involved structures. This 
may lead to an increased need of 
CBCT analysis by the specialized col-
leagues. They have special expertise 
not only concerning treatment but 
also in the diagnosis of these com-

plex cases (Fig. 11). The following 
applies to many cases: the common 
is common, the rare is rare, but with 
special expertise, at some point the 
rare becomes common and this may 
require extended/further diagnostics. 
A thorough examination and diag-
nostic represent a prerequisite of a 
serious treatment planning with an 
assessment of the prognosis of the 
teeth to be treated and an adequate 
(evidence-based) patient clarification. 
This is especially relevant for surgical 
endodontics, as these cases often ex-
hibit the maximum extent of unsuc-
cessful pretreatment. With the 
multiple anatomically neighboring 
structures, the medical principle of 
“nihil nocere” must be adhered to by 
means of appropriate diagnostics and 
imaging, which is why CBCT is of 
particular importance here. However, 
the indication for follow-up must be 
more stringent, especially since the 
clinical findings (calor, rubor, dolor, 
tumor, functio laesa), in addition to 
the imaging (conventional periapical 
X-ray), provide important evidence 
for healing. 

The question of whether a CBCT 
should be taken as the sole diagnostic 
imaging or in addition to the intra -
oral X-ray or panoramic radiograph 
therefore depends on many factors 
and is always an individual decision 
based on the specific indication. 

References

1. AAE and AOMR Joint position state-
ment. Use of cone beam computed to-
mography in endodontics 2015 update. 
J Endod 2015; 41: 1393–1396

2. Ackerman S, Aguilera FC, Buie JM et 
al.: Accuracy of 3-dimensional-printed 
endodontic surgical guide: a human ca-
daver study. J Endod 2019; 45: 615–618

3. Ahn SY, Kim NH, Kim S, Karabucak B, 
Kim E: Computer-aided design/com-
puter-aided manufacturing-guided end -
odontic surgery: guided osteotomy and 
apex localization in a mandibular molar 
with a thick buccal bone plate. J Endod 
2018; 44: 665–670

4. Al-Okshi A, Lindh C, Salé H, Gunnars-
son M, Rohlin M: Effective dose of cone 
beam CT (CBCT) of the facial skeleton: a 
systematic review. Br J Radiol 2015; 88: 
20140658

5. Anssari Moin D, Verweij JP, Waars H, 
van Merkesteyn R, Wismeijer D: Accuracy 
of computer-assisted template-guided 
autotransplantation of teeth with custom 
three-dimensional designed/printed sur-
gical tooling: a cadaveric study. J Oral 
Maxillofac Surg 2017; 75: 925.e1–925.e7

6. Bornstein MM, Bingisser AC, Reichart 
PA, Sendi P, Bosshardt DD, von Arx T: 
Comparison between radiographic (2-di-
mensional and 3-dimensional) and histo-
logic findings of periapical lesions treated 
with apical surgery. J Endod 2015; 41: 
804–811

7. Bruellmann D, Schulze R: Spatial  
resolution in cbct machines for dental/
maxillofacial applications|what do we 
know today? Dento Maxillofac Radiol 
2015; 44: 20140204

8. Bürklein S, Grund C, Schäfer E: Rela-
tionship between root apices and the 
mandibular canal: a cone-beam com-
puted tomographic analysis in a German 
population. J Endod 2015; 41: 
1696–1700

9. Chong BS, Dhesi M, Makdissi J:  
Computer-aided dynamic navigation: a 
novel method for guided endodontics. 
Quintessence Int 2019;50:196–202

10. Christiansen R, Kirkewang LL, Got-
fredsen E, Wenzel A: Periapical radio-
graphy and cone beam computed to-
mography for assessment of the periapi-

Figure 11 A,B,C = axial, sagittal and coronal slice (CBCT) regio 16. The CBCT slices 
show the loss of basal bone structures in the furcation area of the affected tooth. 
Mouth-antrum communication due to advanced periodontitis (no primary endodontic 
cause). D = associated X-ray regio 16, which cannot adequately display the destruction.

(F
ig

. 2
, 4

, 6
–1

1:
 S

eb
as

tia
n 

Bü
rk

le
in

)

Conflicts of interest
Birger Thonemann states that he op-
erates a DVT in his own practice. The 
other authors declare that there is no 
conflict of interest as defined by the 
guidelines of the International Com-
mittee of Medical Journal Editors.

BÜRKLEIN, SCHLOSS, SEMPER ET AL.: 
CBCT in surgical endodontics – a must-have?!



62

© Deutscher Ärzteverlag | DZZ International | Deutsche Zahnärztliche Zeitschrift International | 2021; 3 (2)

cal bone defect 1 week and 12 months 
after root-end resection. Dento Maxillo-
fac Radiol 2009; 38: 531–536

11. Curtis DM, VanderWeele RA, Ray JJ, 
Wealleans JA: Clinician-centered out-
comes assessment of retreatment and  
endodontic microsurgery using cone-
beam computed tomographic volumetric 
analysis. J Endod 2018; 44: 1251–1256

12. de Man B, Basu S: Distance-driven 
projection and backprojection in three  
dimensions. Phys Med Biol 2004; 49: 
2463–2475

13. de Man B: Metal streak artefacts in 
X-ray computed tomography: a simu-
lation study. IEEE Trans Nuc Sci 1999; 
46: 691–696

14. Ee J, Fayad MI, Johnson BR: Compari-
son of endodontic diagnosis and treat-
ment planning decisions using cone-
beam volumetric tomography versus 
periapical radiography. J Endod 2014; 
40: 910–916

15. Esposito S, Cardaropoli M, Cotti E: A 
suggested technique for the application 
of the cone beam computed tomogra-
phy periapical index. Dento Maxillofac 
Radiol 2011; 40: 506–512

16. Estrela C, Bueno MR, Azevedo BC, 
Azevedo JR, Pécora JD: A new periapical 
index based on cone beam computed  
tomography. J Endod 2008; 34: 
1325–1331

17. European Commission. Radiation 
protection no 172: cone beam ct for 
dental and maxillofacial radiology. Evi-
dence based guidelines. a report pre-
pared by the sedentexct project, 2012

18. Fan Y, Glickman GN, Umorin M, Nair 
MK, Jalali P: A novel prefabricated grid 
for guided endodontic microsurgery. 
J Endod 2019; 45: 606–610

19. Floratos S, Kim S: Modern endodon-
tic microsurgery concepts: a clinical  
update. Dent Clin North Am 2017; 61: 
81–91

20. Giacomino CM, Ray JJ, Wealleans JA: 
Targeted endodontic microsurgery: a 
novel approach to anatomically chal -
lenging scenarios using 3-dimensional-
printed guides and trephine burs – a  
report of 3 cases. J Endod 2018; 44: 
671–677

21. Gorni FG, Gagliani MM: The out-
come of endodontic retreatment: a  
2-yr follow-up. J Endod 2004; 30: 1–4

22. Guerreo CG, Quijano Guaugue S, 
Molano N, Pineda GA, Nino-Barrera JL, 
Marin-Zuluaga DJ: Predictors of clinical 
outcomes in endodontic microsurgery:  
a systematic review and meta-analysis. 
G Ital Endond 2017: 31: 2–13

23. He W, Tian K, Xie X, Wang E, Cui N: 
Computer-aided autotransplantation of 
teeth with 3D printed surgical guides and 

arch bar: a preliminary experience. PeerJ 
2018; 6: e5939. doi:10.7717/peerj.5939

24. Kang M, In Jung H, Song M, Kim SY, 
Kim HC, Kim E: Outcome of nonsurgical 
retreatment and endodontic microsur-
gery: a meta-analysis. Clin Oral Investig 
2015; 19: 569–582

25. Kim D, Ku H, Nam T, Yoon TC, Lee 
CY, Kim E: Influence of size and volume 
of periapical lesions on the outcome of 
endodontic microsurgery: 3-dimensional 
analysis using cone-beam computed to-
mography. J Endod 2016; 42: 
1196–1201

26. Krastl G, Zehnder MS, Connert T, 
Weiger R, Kühl S: Guided endodontics: a 
novel treatment approach for teeth with 
pulp canal calcification and apical pathol-
ogy. Dent Traumatol 2016; 32: 240–246

27. Kruse C, Spin-Neto R, Wenzel A,  
Kirkevang LL: Cone beam computed to-
mography and periapical lesions: a sys-
tematic review analysing studies on diag-
nostic efficacy by a hierarchical model. 
Int Endod J 2015; 48: 815–828

28. Lara-Mendes STO, Barbosa CFM,  
Machado VC, Santa-Rosa CC: A new  
approach for minimally invasive access  
to severely calcified anterior teeth using 
the guided endodontics technique. 
J Endod 2018; 44: 1578–1582

29. López-Jarana P, Díaz-Castro CM, Fal-
cão A, Falcão C, Ríos-Santos JV, Herrero-
Climent M: Thickness of the buccal bone 
wall and root angulation in the maxilla 
and mandible: an approach to cone 
beam computed tomography. BMC  
Oral Health 2018; 18: 194. 
doi:10.1186/s12903–018–0652-x

30. Molven O, Halse A, Grung B: Incom-
plete healing (scar tissue) after periapical 
surgery – radiographic findings 8 to 
12 years after treatment. J Endod 1996; 
22: 264–268

31. Molven O, Halse A, Grung B: Ob -
server strategy and the radiographic  
classification of healing after endodontic 
surgery. Int J Oral Maxillofac Surg 1987; 
16: 432–439

32. Mota de Almeida FJ, Knutsson K,  
Flygare L: The effect of cone beam CT 
(CBCT) on therapeutic decision-making 
in endodontics. Dento Maxillofac Radiol 
2014; 43: 20130137. 
doi:10.1259/dmfr.20130137.

33. Patel S, Foschi F, Mannocci F, Patel K: 
External cervikal resorption: a three-di-
mensional classification. Int Endod J 
2018; 51: 206–214

34. Patel S, Brown J, Semper M, Abella F, 
Manocci F. European Society of Endodon-
tology position statement: use of cone 
beam computed tomography in endodon-
tics. Int Endod J 2019; 52: 1675–1678

35. Pauwels R, Beinsberger J, Collaert B 
et al.: SEDENTEXCT Project Consortium. 

Effective dose range for dental cone 
beam computed tomography scanners. 
Eur J Radiol 2012; 81: 267–271

36. Petersson A, Axelsson S, Davidson T 
et al.: Radiological diagnosis of periapical 
bone tissue lesions in endodontics: a sys-
tematic review. Int Endod J 2012; 45: 
783–801

37. Porto OCL, Silva BSF, Silva JA et al.: 
CBCT assessment of bone thickness in 
maxillary and mandibular teeth: an anat-
omic study. J Appl Oral Sci 2020; 28: 
e20190148

38. Prell D, Kyriakou Y, Beister M, Ka-
lender WA: A novel forward projection-
based metal artifact reduction method 
for flat-detector computed tomography. 
Phys Med Biol 2009; 54: 6575–6591

39. Rabiee H, McDonald NJ, Jacobs R, 
Aminlari A, Inglehart MR: Endodontics 
program directors‘, residents‘, and end -
odontists‘ considerations about CBCT- 
related graduate education. J Dent Educ 
2018; 82: 989–999

40. Radon J: Über die Bestimmung von 
Funktionen durch ihre Integralwerte 
längs gewisser Mannigfaltigkeiten. Ber 
Verh Sächs Akad Wiss Leipzig, Math Phys 
Kl 1917; 69: 262–277

41. Riis A, Taschieri S, Del Fabbro M, 
Kvist T: Tooth survival after surgical or 
nonsurgical endodontic retreatment: 
long-term follow-up of a randomized 
clinical trial. J Endod 2018; 44: 
1480–1486

42. Rodríguez G, Abella F, Durán-Sindreu 
F, Patel S, Roig M: Influence of cone-
beam computed tomography in clinical 
decision making among specialists. 
J Endod 2017; 43: 194–199

43. Rodríguez G, Patel S, Durán-Sindreu 
F, Roig M, Abella F: Influence of cone-
beam computed tomography on end -
odontic retreatment strategies among 
general dental practitioners and end -
odontists. J Endod 2017; 43: 1433–1437

44. Rosen E, Taschieri S, Del Fabbro M, 
Beitlitum I, Tsesis I: The diagnostic effi-
cacy of cone-beam computed tomogra- 
phy in endodontics: a systematic review 
and analysis by a hierarchical model of 
efficacy. J Endod 2015; 41: 1008–1014

45. Rud J, Andreasen JO, Jensen JE: 
Radiographic criteria for the assessment 
of healing after endodontic surgery.  
Int J Oral Surg 1972; 1: 195–214

46. Scarfe WC, Levin MD, Gane D, Far-
man AG: Use of cone beam computed 
tomography in endodontics. Int J Dent 
2009; 2009: 634567. 
doi:10.1155/2009/634567

47. Schloss T, Sonntag D, Kohli MR, 
Setzer FC: A comparison of 2– and 3-di-
mensional healing assessment after end -
odontic surgery using cone-beam com-
puted tomographic volumes or periapical 

BÜRKLEIN, SCHLOSS, SEMPER ET AL.: 

CBCT in surgical endodontics – a must-have?!



63

© Deutscher Ärzteverlag | DZZ International | Deutsche Zahnärztliche Zeitschrift International | 2021; 3 (2) 

radiographs. J Endod 2017; 43: 
1072–1079

48. Schultz CH, Fairley R, Murphy LS, 
Doss M: The risk of cancer from CT scans 
and other sources of low-dose radiation: 
a critical appraisal of methodologic 
quality. Prehosp Disaster Med 2020; 35: 
3–16

49. Schulze R, Heil U, Groß D et al.: Arte-
facts in CBCT: a review. Dento Maxillofac 
Radiol 2011; 40: 265–273

50. Setzer FC, Kohli MR, Shah SB, Ka-
rabucak B, Kim S: Outcome of endodon-
tic surgery: a meta-analysis of the litera-
ture – part 2: comparison of endodontic 
microsurgical techniques with and with-
out the use of higher magnification. 
J Endod 2012; 38: 1–10

51. Setzer FC, Shah SB, Kohli MR, Kara-
bucak B, Kim S: Outcome of endodontic 
surgery: a meta-analysis of the literature – 
part 1: comparison of traditional root-
end surgery and endodontic microsur-
gery. J Endod 2010; 36: 1757–1765

52. Strbac GD, Schnappauf A, Giannis K, 
Moritz A, Ulm C: Guided modern end -
odontic surgery: a novel approach for 
guided osteotomy and root resection. 
J Endod 2017; 43: 496–501

53. Sutter E, Lotz M, Rechenberg DK, 
Stadlinger B, Rücker M, Valdec S: Guided 
apicoectomy using a CAD/CAM drilling 
template. Int J Comput Dent 2019; 22: 
363–369

54. Tanomaru-Filho M, Jorge ÉG, Guer-
reiro-Tanomaru JM, Reis JM, Spin-Neto R, 
Gonçalves M: Two- and tridimensional 
analysis of periapical repair after end -
odontic surgery. Clin Oral Investig 2015; 
19: 17–25

55. Tsesis I, Rosen E, Taschieri S et al.: 
Outcomes of surgical endodontic treat-
ment performed by a modern technique: 
an updated meta-analysis of the litera-
ture. J Endod 2013; 39: 332–339

56. Uğur Aydın Z, Göller Bulut D: Rela-
tionship between the anatomic structures 
and mandibular posterior teeth for end -
odontic surgery in a Turkish population: 
a cone-beam computed tomographic 
analysis. Clin Oral Investig 2019; 23: 
3637–3644

57. Venskutonis T, Plotino G, Juodzbalys 
G, Mickevičienė L: The importance of 
cone-beam computed tomography in 
the management of endodontic prob-
lems: a review of the literature. J Endod 
2014; 40: 1895–1901

58. Verweij JP, Jongkees FA, Anssari Moin 
D, Wismeijer D, van Merkesteyn JPR: 
Autotransplantation of teeth using com-
puter-aided rapid prototyping of a three-
dimensional replica of the donor tooth: 
a systematic literature review. Int J Oral 
Maxillofac Surg 2017; 46: 1466–1474

59. von Arx T, Janner SF, Hänni S, Born-
stein MM: Agreement between 2D and 
3D radiographic outcome assessment 

one year after periapical surgery. Int 
Endod J 2016; 49: 915–925

60. von Arx T, Janner SF, Hänni S, Born-
stein MM: Evaluation of new cone-beam 
computed tomographic criteria for radio-
graphic healing evaluation after apical 
surgery: assessment of repeatability and 
reproducibility. J Endod 2016; 42: 
236–242

61. von Arx T, Cochran DL: Rationale for 
the application of the GTR principle using 
a barrier membrane in endodontic sur-
gery: a proposal of classification and lit-
erature review. Int J Periodontics Restor -
ative Dent 2001; 21: 127–139

BÜRKLEIN, SCHLOSS, SEMPER ET AL.: 

CBCT in surgical endodontics – a must-have?!

PROF. DR. SEBASTIAN BÜRKLEIN
Center for Dental, Oral and  

Maxillofacial Medicine,  
University Hospital Münster

Central Interdisciplinary Outpatient 
Clinic (ZIA)

Albert-Schweitzer-Campus 1/W30
48149 Münster

sebastian.buerklein@ukmuenster.de

(P
ho

to
: S

eb
as

tia
n 

Bü
rk

le
in

)



64

© Deutscher Ärzteverlag | DZZ International | Deutsche Zahnärztliche Zeitschrift International | 2021; 3 (2)

Roland Weiger

Root canal irrigation: How much 
activation is necessary?

Introduction: Current systems for activating irrigation solutions mainly use 
sound, ultrasound or laser. The simple form of manual dynamic activation 
must be differentiated.

Methods: In comparison to the conventional irrigation technique, the de-
scribed methods generally result in a greater cleaning effect under experimen-
tal conditions (removal of pulp tissue and debris, penetration depth into the 
root dentin, antibacterial effect, removal of calcium hydroxide). Gradual dif-
ferences seem to be the result of the chosen experimental setup and the ma-
terial used.

Result and Conclusion: Given that comparative clinical studies are largely 
lacking and the advantages of a defined irrigation protocol involving the acti-
vation of the irrigation solution have not been clinically proven so far, only a 
recommendation for their application can be derived from existing experi-
mental studies. Also, with respect to the activation method, different ap-
proaches can be justified.
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Introduction
Besides the mechanical preparation of 
the main root canals, a sufficient 
chemical disinfection of the root 
canal system by means of root canal 
irrigation is required. In this manner, 
the term chemo-mechanical prepara-
tion is derived. The reason for this lies 
in the limitations of mechanical prep-
aration and the complexity of the root 
canal system. Hand instruments as 
well as rotary root canal instruments 
do not prepare the canal walls of the 
main root canals entirely and do not 
reach the side canals of the root canal 
system. Despite careful preparation, at 
least 35 % of the inner surfaces of root 
canals usually remain untouched [11, 
21]. This is why efficient root canal  
irrigation is required to clean isthmi, 
side canals and open dentinal tubules 
in addition to the main root canals, 
and depending on microbial coloni -
zation, for disinfection.

In the best case, the contribution 
of a particular irrigation technique to 
the clinical success of endodontic 
treatment can be evaluated [4]. The 
prerequisite for a comparative clinical 
study would be that all other relevant 

and currently known influencing 
variables are largely identical or 
equally distributed within the com-
parison groups. In view of the large 
number of variables that can in-
fluence the prognosis of a tooth after 
root canal treatment, unequivocal 
evidence for a single parameter in 
prospective, randomized clinical 
studies seems extremely difficult. The 
number of cases and recall rates 
required for this are so high that, de-
pending on the question being ad-
dressed, the implementation would 
be associated with very great effort.

What potential could lie in the  
activation of irrigation solutions is 
answered mostly by older clinical 
studies, among others, that managed 
without the aid of modern irrigation 
techniques. As early as 1961, Grahnen 
and Hansen [10] reported a high suc-
cess rate of 81 % four to five years after 
root canal treatment. The work of 
Sjögren et al. which was published 
30 years later [23] and a review by Ng 
et al. from 2011 [19] likewise confirm 
that the healing rates – using conven-
tional irrigation methods – are in a 
similarly high range. From this point 

of view, the potential for activation of 
irrigation solutions can be classified as 
limited. If, on the other hand, the 
lower root canal treatment success 
rates that are achieved in ordinary 
practice conditions [5, 31] are used as a 
reference point, the table turns, and 
the question arises of whether 
methods for activating irrigation solu -
tions under these conditions could 
make a significant contribution, pro-
vided that they are efficient and easy 
to implement. On the basis of these 
considerations, this paper outlines the 
most important methods for the acti-
vation of irrigation solutions, and it 
summarizes the findings, which have 
primarily been published in the last 
5 years in the context of in vitro and 
in vivo studies.

Goals of activated root canal  
irrigation
The activation of an irrigation solu -
tion is intended to increase the well-
known and positive effects of con-
ventional irrigation techniques when 
combined with conventional irri-
gation solutions such as sodium hy-
pochlorite – especially in those areas 

Figure 1 A new type of rotary root canal instrument (XP-endo Finisher, FKG Dentaire, La Chaux-de-Fonds, Switzerland)

Figure 2 Ultrasound driven handpiece with Irri S file (VDW München, Germany)
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of the root canal system that are not 
accessible to root canal instruments. 
Essentially these are:
 a. Removal of pulp tissue, tissue resi-
dues as well as microorganisms, 
fungi and viruses

 b. Dissolving and removal of dentin 
debris (including the smear layer) 

 c. Destruction and removal of bio-
film 

 d. Antibacterial effect and neutraliz-
ation of bacterial toxins

 e. Removal of intracanal deposits 
(e.g. calcium hydroxide) as well  
as of sealer and remnants of gutta-
percha.

At the same time, no side effects 
should occur due to the activation of 
irrigation solutions; this includes the 
extrusion of fluid and/or debris and 
occurrence of postoperative com-
plaints.

If a narrow root canal has to in-
itially be accessed, the effect of irri-
gation remains limited in this phase. 
Only in the final phase of mechan -
ical preparation, and once the apical 
preparation size is sufficient, does the 
irrigation solution reach deeper api-
cal areas and isthmi; in favorable 
cases, it penetrates into lateral canals 
and dentinal tubules. When a small 

irrigation cannula with a diameter of 
0.30 mm (gauge 30) is used, apical 
preparation with instruments of at 
least size 25.06 (e.g. rotary file) or size 
ISO 30 (e.g. hand file) is required to 
ensure that the irrigation solution 
reaches the deep apical areas. Just in 
these conditions, once the prepara-
tion of the root canals is complete, is 
the final irrigation with or without 
activation particularly important.

Irrigation solution activation 
methods 
Nowadays, the commonly used acti-
vation systems are based on the in-

Figure 3 Special sound-activated tips for the EndoActivator (Dentsply Sirona York, PA, USA)

Figure 4 Special sound-activated tips from Eddy (VDW, München, Germany)
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troduction of energy into the irri-
gation solution by means of sound, 
ultrasound or laser, which have the 
appropriate wavelengths, as well as, 
through the generation of mechan -
ical vertical movements in the liquid 
(manual dynamic activation). In 
comparison to the classical irrigation 
technique, these various methods 
generally lead to an increase in the 
mechanical cleaning effect in vitro 
[29], although differences exist de-
pending on the study design.

Mechanically-activated  
irrigation technique
In a simple way, the irrigation solution 
can be manually activated with a 
gutta-percha cone using rapid up and 
down movements in the root canal. 
This form of activation is, however, 
labor-intensive for the practitioner. In 
terms of penetration depth into the 
surrounding dentin, this procedure  
remains inferior to laser, sound and 
ultrasound-supported methods [8]. 
The reduction of debris in the mesial 
root canals and isthmus regions of 
lower molars does not show any ad-
vantage over conventional manual ir-
rigation in vitro [20]. On the contrary, 
there is an increased risk of postoper-
ative pain in cases of irreversible pulpi-
tis when manual dynamic activation is 
used [25].

A new type of rotary root canal 
instrument (XP-endo Finisher, FKG 
Dentaire, La Chaux-de-Fonds, Swit-
zerland) (Fig. 1) is particularly suit-
able for the activation of the irri-
gation solution, preferably at the end 

of preparation. The instrument is 
bent like a spoon and, using the cor-
responding rotation, it not only sets 
the irrigation solution in motion, but 
also reaches canal areas which con-
ventional conical files cannot reach. 
According to two recent experimen-
tal studies, more debris could be re-
moved when using the XP-endo Fin-
isher together with passive ultrasonic 
activation than with conventional ir-
rigation [7, 32]. This instrument is 
also suitable for the removal of cal-
cium hydroxide from the root canal 
[15].

Ultrasonic-activated irrigation 
methods
Ultrasound-based irrigation tech-
niques have been used in endodon-
tics for over 10 years. The ultrasonic 
range starts at a frequency of about 
20,000 Hz. With the aid of an ultra-
sonic handpiece, the energy can be 
transferred to a clamped file or a 
smooth-walled tapered instrument 
tip. With the latter, a so-called pas -
sive ultrasonic irrigation – without 
mechanical treatment of the canal 
wall – can be performed. This in-
volves the insertion of the attach-
ment tip into the root canal which is 
filled with irrigation solution, if pos -
sible, up to about 1–2 mm before 
 the working length. The tip is then 
activated for 20 sec without any  
additional vertical movement. The  
greatest effect is achieved when the 
file can oscillate in the root canal as 
freely as possible. Limitations arise 
from the curvature and dimensions 

of the root canal. Passive ultrasonic 
activation of the irrigation solution is 
usually recommended as part of the 
final irrigation after the root canal 
has been shaped. 

Under favorable conditions, the 
described effects, namely cavitation 
and “acoustic streaming”, occur. 
Through the oscillation of the file in 
a plane with at least 20,000 Hz, so-
called nodes and antinodes are cre-
ated, which set the irrigation liquid 
in motion. Such high localized fluid 
movements are produced that these 
can contribute significantly to the re-
moval of debris and pulp tissue. An-
other consequence, especially at the 
end of the freely oscillating instru-
ment tip, is cavitation. This process 
produces small bubbles that increase 
in size in a very short time, which 
then immediately implode again. 
The resulting pressure waves acceler-
ate the irrigation medium towards 
the root canal walls. Noteworthy is 
that the maximum input occurs in 
the plane of oscillation (parallel to 
the orientation of the contra-angle 
handpiece). This is a relevant con-
sideration when cleaning the isthmus 
between the mesiobuccal and dis-
tobuccal root canals of lower molars 
for example. In this case, the tip 
should be rotated slowly during the 
activation phase. There can be clini-
cal limitations to this, however, be-
cause the contra-angle handpiece 
cannot be rotated as desired in the 
patient‘s mouth. 

In principle, “non-cutting” tips 
are preferable (Fig. 2). Given that an 

Figure 5 Erbium-YAG Laser (Orcos, Medical, Küssnacht, Switzerland)

WEIGER: 
Root canal irrigation: How much activation is necessary?



68

© Deutscher Ärzteverlag | DZZ International | Deutsche Zahnärztliche Zeitschrift International | 2021; 3 (2)

intermittent contact between the tip 
and the canal wall is usually unavoid-
able in everyday clinical practice, 
these tips do not remove root dentin 
on contact with the wall and do not 
create legdes. Improper use can also 
lead to the fracture of the ultrasonic 
tip in the root canal. Only in very 
wide and straight root canals, e.g. in 
frontal teeth with wide open fo -
ramen, can the tip be placed “cen-
trally” in the root canal – without 
contact with the canal wall; the tip 
can then swing freely with maximum 
energy input given that the practi-
tioner‘s hand remains steady. How-
ever, even in root canals with a 
smaller apical preparation of 20/04, 
ultrasonic-activated irrigation has a 
beneficial effect on the removal of re-
sidual pulp, as shown in the study by 
Lee et al. [13].

The above mentioned expla-
nations make it clear that the hand-
ling of the ultrasonic tip has an in-
fluence on the cleaning result. How-
ever, detailed information on this 
topic is rarely found in investigations 
that are performed mostly in vitro. 

In a recent systematic review on 
the effect of ultrasonic-activated irri-
gation, a total of 45 in vitro studies 
and 3 clinical studies were analyzed 
[2]. The experimental work focused 

on the parameters of pulp tissue and 
debris removal as well as antimicro-
bial effect. With regard to the re-
moval of pulp tissue and debris, 
ultrasonic-activated irrigation proved 
to be superior to conventional irri-
gation in the majority of the studies 
that were ultimately analyzed. 
Whether ultrasonic activation has an 
additional antibacterial effect on the 
microorganisms in the root canal sys-
tem cannot be proven. The authors 
of this systematic review limit the 
evaluation of the summary results to 
a low evidence level [2]. The same 
conclusion was reached in another 
review published in 2018 which in-
cluded 5 investigations in a meta-
analysis [16]. In contrast, Nagendra-
babu et al. [17] conclude from their 
review that the reduction of the 
microbial load is more pronounced 
after the use of ultrasound compared 
to other methods. Recent in vitro 
studies from 2019 and 2020 confirm 
that positive effects are attributable 
to ultrasonic activation with regard 
to debris removal [7, 18, 22], pen-
etration depth of the irrigation so -
lution [8, 12] and pulp tissue removal 
[27]. Compared to manual irrigation, 
a higher chemical conversion rate of 
sodium hypochlorite by ultrasonic 
activation can be observed [9].

The GentleWave system (Sonen-
do Inc, Laguna Hills, CA, USA) was 
shown to be superior to ultrasound 
in terms of debris removal in the 
isthmus area [3]. GentleWave is not 
commercially available in Europe.

Only one clinical study which 
examined the healing of apical peri-
odontitis in association with acti-
vated irrigation met the inclusion 
criteria from 2 reviews [2, 24]. This 
randomized study showed no signifi-
cant differences between manual and 
ultrasonic-activated irrigation [14]. In 
the study, apical lesions of single-
rooted teeth with mostly straight  
root canals were evaluated 10 to 
19 months after root canal treatment 
based on DVT imaging. Although 
there was no statistically significant 
difference based on a significance 
level of alpha = 0.05, closer examin-
ation revealed evidence in favor of 
ultrasonic-activated irrigation with a 
healing rate of 95.1 % (39 of 41 teeth) 
vs. 88.4 % (38 of 43 teeth) with the 
conventional irrigation technique.

Sound-activated irrigation 
methods 
The special sound-activated tips oscil-
late in the root canal with a fre -
quency in the upper audible sound 
range (16–20,000 Hz). EndoActivator 
(Dentsply Sirona) (Fig. 3) and Eddy 
(VDW, Munich) (Fig. 4) are typical 
representatives of this group. 

An Eddy is a sound-activated 
polyamide tip that is screwed in an 
Airscaler attachment. In addition to 
being highly flexible, the narrow, 
flexible plastic tip can be pushed for-
ward as far as possible into the root 
canal and can be used for cleaning in 
almost all phases of root canal prep-
aration. When it comes in contact 
with a wall, no undesirable dentin  
removal occurs. It is questionable 
whether the effects, cavitation and 
“acoustic streaming”, are actually 
achieved in the root canal with the 
maximum frequency of 6,000 Hz 
generated by the Eddy tip. The fre-
quency range covered is clearly below 
the required frequency of at least 
14,000 Hz (see ultrasound). Theoreti-
cally, the maximum amplitude of 
about 350 mm that is achieved by 
the plastic tip requires an apically 
prepared root canal up to ISO 100, so 

WEIGER: 
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Standard irrigation medium

during RC preparation:

after final RC preparation:

removal of the smear layer:

activation of NaOCl:

Table 1 Possible irrigation protocol (RC = root canal)
(Fig. 1–5 and Tab. 1: R. Weiger)

NaOCl (normally 1–3 %)

using a 5 ml syringe and a 
conventional cannula
(Luer-Lock-system)

with EDTA (15–17 %) or 
citric acid (20 %)

using an ultrasonic-acti-
vated tip or using Eddy: 
3 x 20 sec (with renewal 
of the irrigation solution)
or continuously 60 sec per 
canal

at least 1 ml
=> after each hand 
instrument
=> for rotary instru-
ments after 3 “pecks” 
or after retraction of 
the instrument due 
to “jamming” (in-
creased resistance)
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that the tip can oscillate freely and 
the energy input into the irrigation 
solution is at its maximum. Never-
theless, current experimental studies 
on root canals that have been pre-
pared up to an apical size of 40.06 
show that the effect on adjacent den-
tin wall areas after sound activation 
with the Eddy tip corresponds to root 
canals that have been irrigated with 
ultrasound or laser [8]. 

Eddy proved to be as effective as 
the passive ultrasonic irrigation tech-
nique for removing the debris and 
smear layer [26]. Both methods have 
a comparable effect in terms of reduc-
ing the number of bacteria in the 
root canal [18]. Eddy also supports 
the removal of calcium hydroxide; it 
performed better than the Endoac -
tivator (Dentsply Sirona, York, PA; 
USA) which is also based on the prin-
ciple of sound activation [15]. The 
manufacturer of the Endoactivator, 
which provides flexible attachable 
polymer tips in sizes 15.02, 25.04 
and 35.04, recommends additional 
pumping movements. In vitro, irri-
gation solutions penetrate into the 
surrounding apical dentin after appli-
cation of the Endoactivator as far as 
laser or ultrasound-supported pro-
cedures [8]. In contrast, Varela et al. 
2019 [27] report that, after rotary 
preparation with 25/08, the pulp tis-
sue remains in the apical region to a 
greater extent when the Endoacti-
vator is used as compared to passive 
ultrasound application. 

Laser-activated irrigation 
methods 
Laser light can be introduced into the 
liquid-filled root canal via narrow 
fiber optic light tips. The effect de -
pends largely on the wavelength gen-
erated by the respective laser system, 
the energy density and the absorp-
tion of the hard and soft tissues that 
are being exposed.

The light emitted by an infrared 
laser is completely absorbed by water-
based solutions. At the aperture of 
the laser tip, cavitation occurs in the 
irrigation medium. Pulsed lasers  
produce additional small bubbles 
through the cavitation process, 
which trigger “acoustic streaming” in 
the irrigation solution. The PIPS sys-
tem (Photon Initiated Photoacoustic 

Streaming) represents a modern 
method for laser-induced activation 
which uses an Erbium-YAG laser with 
low pulse energy (10–20 mJ) and 
short pulse length (50 μs) (Fig. 5). A 
further development which makes 
use of an adaptive pulse mode is  
the SWEEPS system (Shock Wave  
Enhanced Emission Photoacoustic 
Streaming). 

The tip is placed in the pulp 
chamber at the root canal entrance. 
The “primary” arising air bubbles col-
lapse; this produces shock waves that 
strike against the canal wall at high 
speed as well as additional “second-
ary” bubbles. The shear forces that 
are generated act on tissue residues, 
biofilm and the smear layer and they 
should contribute to cleaning of the 
root canal system. With regard to the 
removal of debris in the isthmus area, 
PIPS proves to be equivalent to ultra-
sonic-activated irrigation and con-
ventional laser-activated irrigation 
[28]. In the latter case, the tip is ad-
vanced into the root canal as deep as 
the dimensions of the optic fiber and 
the prepared root canal permit. PIPS 
completely removed calcium hydrox -
ide from artificially created depres -
sions in the root canal, whereas after 
the use of ultrasound and EndoActi-
vator, there was evidence of residues 
[1]. In terms of the penetration depth 
of the irrigation solution and debris 
removal, no advantages of SWEEPS 
over PIPS could be demonstrated. 
However, in this respect, both 
methods were superior to conven-
tional irrigation with a cannula [8, 
20]. 

Photo-activated disinfection 
(PAD) requires the addition of a dye 
such as methylene blue. The dye ad-
heres to cell walls and is apparently 
effective against Gram-positive and 
Gram-negative bacteria after acti-
vation in the red light range (diode 
laser). A reliable comparison with the 
other methods is not possible be-
cause valid studies are not currently 
available. 

Closing considerations
The explanations found in literature 
regarding the possible “side effects” 
are limited. With regard to the fre-
quency of postoperative pain, based 
on 6 clinical studies, Decurcio et al. 

[6] concluded that on days 1 and 2 
after root canal treatment, symptoms 
occur less frequently when using 
“machine-supported” root canal irri-
gation as compared to conventional 
irrigation.

Since the advantages of a defined 
irrigation protocol with respect to the 
activation of the irrigation solution 
could not be proven in comparative 
clinical studies so far, at least from 
valid experimental investigations, 
different approaches regarding the 
activation methods can be justified. 
The author shares the view of Virdee 
et al. 2018 [29], which on the one 
hand, describes the 16 publications 
included in the meta-analysis as het-
erogeneous, while on the other hand, 
based on the results of the investi-
gations, derives a recommendation 
for the use of activated irrigation 
techniques. An irrigation protocol 
which is widely applied in practice 
for activation is outlined in Table 1 
for guidance. In principle, the recom-
mendations of the device manufac-
turer should be respected when per-
forming irrigation. In clinical use, the 
effect of an activated root canal irri-
gation depends on other factors such 
as the type and concentration of  
the irrigation medium, penetration 
depth, contact time and volume of 
the irrigation solution used [28].
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Till Dammaschke

Calcium silicate-based sealers: The 
end of thermoplastic obturation?

Abstract: All obturation techniques require a certain amount of root canal 
sealers in order to fill small irregularities along the canal wall. Epoxy resin-
based sealers have been the gold standard to date. A more recent development 
is represented by calcium silicate-based sealers (CSS), which derive from cal-
cium silicate-based cements (MTA). CSS are proven to be biocompatible and 
bioactive. A hydroxyapatite-like precipitate forms on the surface of CSS when 
they come in contact with tissue fluid so that these sealers are not recognized 
as foreign bodies, even in cases of sealer extrusion. After their setting, CSS re-
lease OH- and Ca2+ ions over a longer period of time through which they po-
tentially exhibit certain antibacterial effects and support the healing of peri-
apical inflammation. For this reason, consideration has been given to the idea 
of filling root canals mainly with CSS and minimizing the proportion of gutta-
percha. To date, however, no long-term clinical studies have been performed 
to confirm the advantages of this new concept.

Although gutta-percha has been successfully used for root canal obturation for 
a very long time, there are different perspectives with regard to which root 
canal filling technique is better: cold or warm (thermoplastic) obturation. 
After the exposure of sufficiently filled root canals with saliva, microorganisms 
always infiltrate into the root canal system regardless of the obturation 
method. Until now, no known obturation method leads to a bacteria-proof 
sealing of the root canal. Thus, in terms of clinical success rates, no superiority 
of the frequently recommended thermoplastic root canal filling technique 
compared with cold lateral compaction could be demonstrated. 

As a rule, CSS are not approved for thermoplastic obturation, as these sealers 
are water-based; there is the concern that high temperatures of up to 200 °C 
will remove too much water from the sealer, which can have a negative im-
pact on its properties. It is questionable whether such high temperatures are 
clinically achieved during thermoplastic obturation.

A disadvantage of CSS is their higher solubility compared to epoxy resin seal-
ers. In the long term, this can lead to the dissolution of the root canal filling. 
In the studies that have been performed to date, however, no difference in the 
clinical success rates between epoxy resin sealers and CSS has been deter-
mined. Overall, CSS represent an interesting alternative to conventional root 
canal sealers. In principle, the success of a root canal treatment depends not 
only on the obturation technique, but above all, on the complete removal of 
the infected tissue, the permanent disinfection of the root canal system and 
the bacteria-proof post-endodontic restoration.

Keywords: calcium silicate; thermoplastic obturation; root canal filling tech-
niques; root canal sealer
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1. Introduction 
Epoxy resin-based sealers such as AH 
Plus (Dentsply Sirona, Konstanz, Ger-
many) have become the standard 
material for root canal obturation in 
case of both cold and warm obtu -
ration methods. Currently, they are 
considered to be the “gold standard” 
among root canal sealers [26]. How-
ever, these sealers have a major dis-
advantage: they are not bioactive 
[21]. Moreover, epoxy resin-based 
sealers show a certain toxicity during 
setting, but after curing, prove to be 
virtually insoluble and non-cytotoxic 
[29, 30]. Thus, extrusion of epoxy 
sealers does not normally cause 
harmful reactions of the periapical 
tissue, except in cases where the seal-
er is displaced into the mandibular 
nerve canal, where this root canal 
filling paste – like all other sealers – 
has a neurotoxic effect [24].

The latest development in the 
field of sealers is calcium silicate-
based root canal filling pastes. The 
goal is to make use of the known 
positive properties, particularly bio-
compatibility and bioactivity, of cal-
cium silicate-based cements such as 
Mineral Trioxide Aggregate (MTA; 
e.g. ProRoot MTA, Dentsply Sirona, 
Ballaigues, Switzerland; MTA-An-
gelus, Angelus, Londrina, Brazil) or 
Biodentine (Septodont, Saint-Maur-
des-Fossés, France) for conventional 
orthograde root canal fillings. The 
main components are di- and/or tri-
calcium silicates, which is why these 
root canal filling pastes are also re-
ferred to as “calcium silicate-based 
sealers” (CSS) [14] (Fig. 1 and 2). 
Often, the term “bioceramic” is used 
incorrectly in context with these cal-
cium silicate-based sealers [50]. More 
specifically, these sealers can be con-
sidered “hydraulic” because they set 
in contact with both air and water 
[5]. CSS even require water to set 
completely. In contrast to conven-
tional sealers, calcium silicate-based 
sealers do not require that the root 
canal lumen is as dry as possible in 
order to ensure optimal setting con-
ditions. The setting properties of CSS 
are not affected by the presence of 
residual moisture in the root canal 
[16].

Calcium hydroxide is formed dur-
ing the setting of CSS, which is 

known to trigger biological healing 
processes [10, 49]. CSS are therefore 
bioactive. In contact with simulated 
body fluid, the formation of a hy -
droxyapatite-like surface has also 
been reported for CSS [36, 45]. Since 
this layer does not cause a foreign 
body reaction, CSS can be considered 
biocompatible, even when they are 
extruded at the apex or when they 
come in contact with periapical tis-
sues.

In comparison to other root canal 
sealers, CSS are thus biocompatible 
and bioactive [29, 30] (Fig. 3 and 4). 
In terms of biocompatibility and 
bioactivity, CSS are clearly superior to 
other sealers, which can be advan-
tageous for the treatment outcome 
[16]. For this reason, consideration 
has been given to deviate from the 
previous treatment concept of “as 
much gutta-percha and as little sealer 
as possible”, and instead, to fill root 
canals mainly (but not exclusively) 
with CSS. Gutta-percha should only 
be introduced into the root canal 
using the single cone technique – re-
gardless of the fit – in order to make 
the most of the biological effects of 
CSS. However, long-term clinical 
studies are not yet available to con-
firm the advantages of this new con-
cept. 

The aim of this review article is to 
elucidate the new CSS within the 
framework of the various root canal 
filling techniques that employ gutta-
percha such as the single cone, lateral 
compaction and thermoplastic obtu -

ration as well as to present the cur-
rent state of research.

2. Gutta-percha
Gutta-percha has been successfully 
used for root canal obturation for well 
over 120 years. The material is vir-
tually insoluble, inert, biocompatible, 
has a weak antibacterial effect due to 
its zinc oxide content, can be cold 
and warm processed, condensable 
and dimensionally stable. Although 
gutta-percha is not perfect for obtu -
ration, it is still the material of choice 
for most root canal fillings [11]. How-
ever, it is still controversially dis-
cussed as to which root canal filling 
technique is preferable, particularly 
with regard to cold versus warm 
(thermoplastic) obturation with 
gutta-percha [27]. There is general 
agreement that all obturation tech-
niques require a certain amount of 
root canal sealer in order to fill small 
irregularities along the root canal 
wall, or more specifically, the lateral 
or accessory canals and the exposed 
dentinal tubules, so as to ensure a 
better adaptation of the gutta-percha 
to the canal walls. Also, a tight seal 
between gutta-percha and canal walls 
is pursued [27]. In performing this, 
the amount of sealer should be as low 
as possible. Many commercially avail-
able root canal sealers can be used as 
long as they are (virtually) insoluble, 
biocompatible (or at least well toler-
ated by the tissue) in addition to 
being non-resorbable and non-
shrinking during setting [11].

Figure 1 Calcium silicate-based sealers (CSS) can be divided into 2 dosage forms: pre-
mixed, one-component ready-to-use CSS in syringes and two-component CSS made of 
powder and water or 2 pastes, which need to be mixed before use. An example of a 
one-component MTA-based sealer containing calcium silicate (EndoSeal MTA; Maruchi, 
Wonju, Korea) for direct application into the root canal.
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3. Cold obturation  
technique

3.1 Single cone technique 
A distinction is made between the 
single-cone and lateral compaction 
techniques when performing cold 
root canal fillings. The goal of the 
single-cone technique is to insert a 
precisely fitting gutta-percha cone in 
combination with a sealer into the 
root canal in such a way that the en-
tire canal is densely filled. The areas 
of the root canal where the gutta- 
percha cone is not marginally adapt-
ed should be filled by the sealer [11, 
39]. The principal disadvantage of 
the single-cone technique is that the 
proportion of sealer in the root canal 
filling is comparatively high for all 

root canals which do not exactly 
match the conical shape of the gutta-
percha cone after root canal prepara-
tion. Due to the possible shrinkage of 
some root canal sealers during the 
setting reaction, a maximum possible 
proportion of gutta-percha is con-
sidered an important factor for suc-
cessful root canal treatment [32, 48]. 
Higher proportions of sealer can lead 
to leakage and bacterial infiltration 
[6], and thus, impair the success of 
root canal treatment [4, 15]. This is 
especially a problem in root canals 
with an oval root canal shape where 
a circular preparation cannot be at-
tained [11, 39]. Root canals which 
have been prepared using manual 
preparation techniques are also not 
suitable for the single-cone technique 

because the shape of the prepared 
root canal and the gutta-percha cone 
differ too greatly. Thus, a require-
ment when using the single-cone 
technique is the uniform and conical 
root canal preparation with rotary 
nickel-titanium instruments; the 
cone should correspond to the shape 
of the last instrument used for root 
canal preparation as closely as pos -
sible. This reduces the amount of 
sealer required. Furthermore, another 
disadvantage of the single-cone tech-
nique is that no compaction of the 
filling material takes place and irregu-
larities in the canal wall and side ca -
nals may not be adequately filled 
[39]. This means that it is possible for 
irregular root canal sections or root 
canal areas, which cannot be reached 
by mechanical instrumentation, to 
remain unfilled. Also, air inclusions 
can arise in the sealer.

3.2 Lateral Compaction
In order to densely and completely 
fill oval or manually prepared root 
canals with as much gutta-percha 
and as little sealer as possible, the 
goal of lateral compaction is to apply 
smaller accessory gutta-percha cones 
into the root canal in addition to the 
master cone. For this purpose, the 
cold gutta-percha cone which is al-
ready in the root canal is laterally 
pressed with a finger spreader and 
compacted into the root canal cross-
section to create space for more 
gutta-percha cones. However, one 
complication of lateral compaction 
can be vertical root fractures which 
are caused by the force applied with 
the finger spreader. Whether lateral 
compaction is actually associated 
with an increased risk of longitudinal 
fractures when the force is appropri-
ately applied, has not yet been con-
clusively elucidated. The application 
of too much force should neverthe-
less be avoided [27]. Conversely, it is 
questionable if sufficient sealer is 
pressed into all areas of the root canal 
when too little force is applied. 

4. Warm (thermoplastic)  
obturation techniques

Due to the disadvantages of cold 
root canal filling techniques, warm 
thermoplastic obturation techniques 
were recommended to increase the 

Figure 2 Example of a two-component calcium silicate-based sealer consisting of 
powder and water (BioRoot RCS; Septodont, Saint-Maur-des-Fossés, France). For 
powder and water-based sealers, the consistency can be adjusted to match the clinical 
situation.
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amount of gutta-percha in the fill-
ing. Ideally, using this technique, 
the entire root canal system, includ-
ing the accessory canals and apical 
ramifications, can be filled with 
gutta-percha instead of just sealer. 
Since the root canal filling is per-
formed under pressure, the heated 
and thus liquefied gutta-percha is 
pressed into the side canals in a 
more or less controlled manner [22, 
40]. It is easier, faster and safer to fill 
wide lumen or irregularly-shaped 
root canal systems using thermo-
plastic root canal filling techniques. 
Even for complex root canal anat-
omies (e.g. deep branching of root 
canals) or root canals with a very  
irregular cross-section (e.g. c-shaped 
canals; internal granuloma), thermo-
plastic obturation seems to have a 
clear advantage [27]. 

When using the “Continuous 
Wave Technique” according to Buch- 
a nan, a temperature of 200 °C is gen-
erally recommended when heating 
the gutta-percha cone. The applied 
sealer should therefore be compat-
ible with the thermoplastic obtu -
ration and remain stable at the tem-
perature interval used, as this can 
otherwise lead to chemical deterio-
ration or more serious changes in the 
mate rial’s properties. Conceivable 
consequences are the clumping to-
gether of the sealer or premature or 
absent setting [27]. In literature, 
there is controversy regarding which 
sealer groups are compatible with 
thermoplastic obturation techniques. 
For example, it was recommended 
that sealers containing epoxy resin 
should only be subjected to a maxi-
mum temperature of 100 °C. Other-
wise, chemical changes can occur. In 
contrast, CSS continue to be chemi-
cally stable up to 125 °C even if they 
are not approved by the manufac-
turers for warm filling techniques. In 
comparison, sealers containing zinc 
oxide eugenol are not thermostable 
at all [3]. In another study, it was 
also determined that epoxy resin-
based sealers are not compatible  
with thermoplastic obturation tech-
niques – this is in contrast to calcium 
hydroxide-based sealers [9]. On the 
other hand, other authors could not 
find any significant physical or 
chemical changes in epoxy resin or 

zinc oxide-eugenol-based sealers 
through heat treatment [18]. 

5. Cold vs. warm obturation 
techniques

Whether thermoplastic filling tech-
niques do indeed lead to improved 
success rates in comparison to the 
single-cone or lateral compaction 
techniques is controversially dis-
cussed in literature. One study re-
ported a 10 % higher thermoplastic 
obturation success rate in cases of 
apical periodontitis in comparison to 

(cold) lateral compaction [20], al-
though not many studies substanti-
ate this finding, and instead, they 
show that there is no difference [11]. 
According to a meta-analysis, cold 
lateral compaction and thermoplastic 
root canal filling techniques can be 
considered equivalent in terms of 
success rates [35]. Ten clinical studies, 
9 of which were randomized, were 
included in this meta-analysis, where 
1748 previously untreated teeth  
were either obturated using cold lat-
eral compaction or thermoplastically 

Figure 3 Human osteoblasts after direct contact with an eluate of BioRoot RCS and 
after up to 21 days in vitro. In the BioRoot RCS group, all osteoblasts survived contact 
with a 1:2 dilution of the extract and significant cell proliferation was observed. This 
speaks for the biocompatibility and bioactivity of CSS (Richardson staining and live 
(green)/dead (red) staining; magnification x 100) [30].

Figure 4 In the AH Plus group (Dentsply Sirona, Konstanz, Germany), almost all human 
osteoblasts died in the first days after addition of the sealer extract in a 1:10 dilution. In 
the Richardson stain and the life/death stain, only a few cells were visible after 14 and 
21 days, respectively. In contact with AH Plus, the morphology of the osteoblasts was 
altered; they are enlarged due to a longer incubation time (days 14 and 21; magnifi-
cation x 100) [30].
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using warm gutta-percha. An evalu-
ation was performed over a period of 
1–5 years. While both methods – cold 
lateral compaction and thermoplas-
tic obturation – showed statistically 
similar levels of postoperative com-
plaints, long-term results and filling 
quality, thermoplastic obturation fre-
quently resulted in significantly more 
extrusion of the root canal filling ma-
terial [35].

6. Bacteria-proof root canal 
fillings

In principle, microleakage compro-
mises the result and success of every 
root canal treatment [6]. Thus, a root 
canal filling that is as bacteria-proof 

as possible is desirable. Yet, no root 
canal filling technique, neither warm 
nor cold, has so far been able to 
achieve a reliable bacteria-proof ob-
turation of the root canal system [31, 
41]. After appropriately filled root 
canals are exposed to saliva, micro-
organisms penetrate into the root 
canal system. Within a period of 
3–60 days, an exposed root canal fill-
ing made of gutta-percha and sealer, 
which is exposed to the oral environ-
ment, exhibits microbial leakage 
along the root canal filling regardless 
of the obturation method [31, 41]. 

Not only bacteria, but also endo -
toxins are able to penetrate into root 
canal fillings and produce an inflam-

mation of the periapical tissue. En-
dotoxins are part of the outer cell 
membrane of Gram-negative bacteria 
and are released when these bacteria 
decompose. Endotoxins may pene -
trate the root canal filling material 
faster than bacteria and may trigger 
an apical inflammatory response [1]. 
Based on numerous evidence-based 
studies available to date, it can thus 
be concluded that the seal of the 
post-endodontic coronal restoration 
is just as important for the success of 
a root canal therapy as the actual 
root canal filling itself. There is no 
significant difference between the 
two factors with regard to the healing 
chance after root canal treatment 
[23]. Coronal leakage is considered 
one of the main causes endodontic 
treatment failure [1]. Leakage of the 
coronal restoration is therefore the 
most likely explanation for the recur-
rence of apical periodontitis [37] and 
not the type of root canal filling tech-
nique applied and how high the pro-
portion of sealer is.

7. Solubility of calcium  
silicate based sealers

When weighing the advantages and 
disadvantages of the various root 
canal filling techniques that have 
been presented above, and the idea 
of deviating from the postulate of “as 
much gutta-percha and as little sealer 
as possible” in the case of CSS, an as-
pect requiring closer examination 
emerges: although sealers containing 
epoxy resin are considered nearly in-
soluble, the solubility of CSS is sig-
nificantly higher than that of AH 
Plus for example [36, 45]. This can 
negatively affect the treatment con-
cept “as much sealer and as little 
gutta-percha as possible”.

According to the ISO 6876:2012 
standard, the decrease in sealer 
weight should be less than 3 % dur-
ing the initial 24 hours after storage 
in double-distilled water [28]. Higher 
solubility has been reported in some 
studies performed on CSS BioRoot 
RCS and iRoot SP. Conversely, other 
publications on iRoot SP, BioRoot 
RCS, Endoseal MTA and Endo C.P.M. 
sealer confirm a solubility of less 
than 3 %. Overall, the data found in 
literature that relates to this topic has 
been inconsistent so far [16].

Figure 5 Solubility of BioRoot RCS, MTA Fillapex (Angelus, Londrina, Brazil) and AH 
Plus in phosphate-buffered saline (PBS) to simulate body fluid The solubility of CSS Bio-
Root RCS and MTA Fillapex was significantly increased compared to AH Plus. However, 
the solubility of BioRoot RCS did meet the ISO 6876:2012 requirements of less than 
3 % over a 6-month period [45].

Figure 6 pH values of BioRoot RCS, MTA Fillapex and AH Plus in phosphate buffered 
saline (PBS) to simulate body fluid. BioRoot RCS maintains a basic pH in phosphate buf-
fered saline for up to 4 months in vitro. This can be explained by the release of OH- ions 
from the sealer (control = PBS without sealer) [45].
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Figure 7 Radiograph after root canal filling with gutta-percha and BioRoot RCS on 
tooth 16 (cold, lateral compaction).

The solubility is in large part de-
pendent on the storage medium. In 
double-distilled water (as specified in 
ISO 6876:2012 [28]), the solubility of 
CSS is significantly higher than in 
simulated body fluid (phosphate-buf-
fered saline, or PBS) [36, 45]. A long-
term study showed that the solubility 
of a CSS (BioRoot RCS) also met the 
requirements of ISO 6876:2012 over a 
period of 6 months when stored in 
PBS [45] (Fig. 5).

Owing to its solubility, the vol-
ume of the CSS decreases within 
7 days after being stored in distilled 
water and PBS. However, no signifi-
cant difference in void formation was 
observed between CSS and AH Plus 
during the storage period [44]. All 
sealers have voids after root canal fill-
ing regardless of the type of sealer 
used [34]. Although TotalFill BC- 
Sealer (FKG Dentaire, La Chaux- 
de-Fonds, Switzerland) has a higher 
solubility than AH Plus, this CSS 
showed volumetric stability when 
evaluated by micro-computer to-
mography (micro-CT) [43].

In principle, however, the solubil-
ity of CSS seems to be associated with 
a positive biological result due to the 
release of ions from the sealer [50]. 
The solubility of the sealers is there-
fore a double-edged sword. This is  
because, on the one hand, sealers 
should be as insoluble as possible in 
order to tightly seal the root canal for 
years. On the other hand, it is known 
that in order to attain bioactive and 
biocompatible effects, ions from the 
sealers must dissolve in the surround-
ing tissue. It is recognized that even 
in conditions that simulate body 
fluids in vitro, CSS have high levels 
of Ca2+ and OH- ion release. But, also 
silicon ions are released [7, 10, 49]. 
All of these ions are known to con-
tribute to the healing of apical 
lesions. 

The release of OH- ions also leads 
to a basic pH value in vitro for a peri-
od of up to 4 months [45] (Fig. 6). 
This may explain the proven anti-
microbial effects of CSS [33, 47, 51]. 
For example, Endosequence BC-Seal-
er and BioRoot RCS are effective 
against E. faecalis, both directly after 
application and in the set state [8, 
33]. CSS are also active against many 
other microorganisms in the root 

canal [16]. The antibacterial effect is 
enhanced through their contact with 
dentin [8, 47].

With respect to the apical sealing 
capacity of CSS, the data found in lit-
erature has been contradictory so far. 
Compared to conventional sealers, 
the new CSS have been certified to 
have a comparable or even better api-
cal sealing capacity. Conversely, other 
studies found significantly increased 
apical microleakage [16]. During the 
setting process, CSS interact with the 

surface of root canal wall dentin  
and this process can continue for 
months. To what extent this reduces 
the solubility of a CSS over time and 
lead to an improvement in the seal-
ing of the root canal can be specu-
lated [42]. Yet, a matter of concern is 
that, due to a possible dissolution 
process of the CSS, especially in the 
apical third, a recolonization with 
microorganisms can occur and this 
can subsequently contribute to a re-
infection of the root canal system. 

Figure 8 Radiograph showing apical healing at the mesial root 6 months after root 
canal treatment on tooth 16.
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The voids that are formed in the api-
cal region when sealer dissolution oc-
curs can lead to a recolonization by 
microorganisms. In principle, this 
can happen in 3 ways: 1. penetration 
of microorganisms from coronal re-
gions, 2. persistence of microorgan-
isms in the apical region (biofilm in 
the root canal), 3. reinfection with, 
for example, biofilm outside of the 
canal or infected soft tissue.

8. Calcium silicate-based 
sealer und thermoplastic 
obturation

In order to avoid the issue of CSS 
solubility and keep the proportion of 
sealer as low as possible, one could be 
inclined to employ thermoplastic ob-
turation methods. However, most 
CSS have not yet been approved by 
manufacturers for warm root canal 
filling techniques because CSS 
require moisture for setting and 
thermoplastic obturation could re-
move too much moisture from them. 
This could compromise the material‘s 
properties [9, 27].

After heating BioRoot RCS to over 
100 °C, water loss and an irreversible 
change in the chemical structure of 
the material have been reported. 
Moreover, reversible changes in the 
chemical structure of iRoot SP after 
heating above 125 °C have been de-
scribed [3]. In another study, the 
chemical or physical properties of 
iRoot SP were not affected by heat 
treatment [12]. However, the type 
and duration of heat application dif-
fered between the studies. But, pre-
cisely the type and duration of heat 
application could influence the re-
sults of such in vitro studies [3, 18, 
46]. The simulation of heat treatment 
should reflect the clinical situation as 
closely as possible in order to obtain 
results with clinical relevance. Thus, 
intracanalicular temperatures and 
clinically relevant heating times 
should be considered when investi-
gating the effect of thermal treatment 
on sealers during thermoplastic ob-
turation [17].

In this respect, it is questionable 
whether these high temperatures in 
the range of 100–200 °C can be 
achieved during thermoplastic obtu -
ration of the root canal. In a recently 
published in vitro study, the highest 

measured temperature using the 
“Continuous Wave Technique” was 
56 °C and this likely has little in-
fluence on the sealer [17]. In sum-
mary, information regarding the ef-
fect of clinically relevant tempera-
tures on CSS is limited. 

Only one product, Sealer Endose-
quence BC Sealer HiFlow (Brasseler 
USA, Savannah, USA), that is also 
sold as Total Fill BC Sealer HiFlow 
(FKG Dentaire) is recommended for 
thermoplastic obturation of the root 
canal. According to the manufac-
turer, this sealer should only be used 
in combination with low melting 
gutta-percha. In the only study to 
date which heated BC Sealer HiFlow 
accordingly, its chemical composi-
tion was not changed through ther-
mal treatment. Also, the flow rate, 
film thickness and setting time were 
not clinically affected [12].

9. Clinical studies on calcium 
silicate-based sealers

Since their introduction onto the 
market in 2007, CSS have been tested 
numerous times in vitro and they 
show positive results. This confers 
them a promising perspective for fu-
ture clinical applications. Yet, there 
have been relatively few clinical 
studies on CSS [19]. In a randomized, 
controlled trial using 114 teeth, no 
significant difference in postoper-
ative pain was found between the 
conventional AH Plus Sealer and the 
CSS Total Fill BC Sealer. Root canal 
fillings without sealer extrusion 
rarely lead to postoperative pain. The 
choice of sealer has no influence on 
the likelihood of complaints [25]. A 
further study obtained comparable 
results. The results also showed that 
there was no significant difference 
between the AH Plus and iRoot SP 
groups with regard to the incidence 
of postoperative pain. However, pain-
killer medication was consumed sig-
nificantly more frequently after root 
canal treatment when AH Plus Sealer 
was used as compared to when iRoot 
SP Sealer was used [2].

Root canal fillings using the 
single-cone technique in com-
bination with Endosequence BC Seal-
er can achieve high success rates. 
After a 30-month average follow-up 
period, 90.9 % of root canal treat-

ments were evaluated as being suc-
cessful; 83.1 % of the cases were clas-
sified as healed and 7.8 % as healing. 
In 47.4 %  of cases, sealer extrusion 
occurred, although this did not have 
a significant effect on the success of 
treatment [13]. In a direct compari-
son between the single-cone tech-
nique using CSS (BioRoot RCS) and 
warm vertical compaction using an 
epoxy-based sealer (AH Plus), no sig-
nificant difference in success rates 
was observed after one year. Based on 
CBCT imaging, success rates of 80 % 
using AH Plus (warm vertical com-
paction) and 84 %  for BioRoot  
RCS (single-cone technique) were  
determined. Periapical radiographs 
showed success rates of 89 %  (AH 
Plus) and 90 %  (BioRoot RCS). This 
difference was not statistically signifi-
cant. In view of these results, the 
authors see a clinically validated jus-
tification that advocates for the use 
of the single-cone technique with 
CSS, even though the study was non-
randomized [50].

10. Conclusion
Although there are insufficient 
studies regarding their long-term 
clinical success, CSS have become a 
relevant alternative to epoxy-based 
sealers. The validity of clinical studies 
available to date should certainly be 
viewed with caution due to their 
short follow-up periods. However, 
there is a clear tendency for root 
canal treatment with CSS to be suc-
cessful [19] – even with the single-
cone technique and without thermo-
plastic obturation (Fig. 7 and 8).

In a micro-CT analysis, the obtu -
ration quality of two filling methods 
was compared: the single-cone tech-
nique with the CSS EndoSequence 
BC and thermoplastic obturation 
with AH Plus sealer. No significant 
difference in filling volume and voids 
was observed. Using both filling 
methods, a comparable root canal 
filling quality could be achieved. 
Neither one of the two methods in 
combination with its respective sealer 
was able to fill the root canal system 
completely [38].

Due to their biocompatibility and 
bioactivity, CSS in combination with 
cold obturation methods represent 
an alternative to thermoplastic obtu -
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ration methods. However, the ques-
tion of whether cold or warm obtu -
ration is the better technique when 
CSS are used remains unanswered.

CSS will probably not lead to the 
end of thermoplastic obturation 
methods. However, according to cur-
rent data, it must be mentioned that 
thermoplastic obturation methods 
are not entirely necessary for success-
ful endodontic treatment. 

In principle, it is worth consider-
ing that the success of root canal 
treatment and the healing of inflam-
matory processes is not only associ-
ated to the obturation technique, but 
also directly to the sufficient removal 
of infected tissue, microorganisms 
and their toxins along with the cor-
rect disinfection of the root canal sys-
tem, as well as a bacteria-proof resto-
ration of the endodontically treated 
tooth.
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Is pulpotomy a valid treatment  
option for irreversible pulpitis?
Scientific Communication of the German Society of  
Endodontology and Dental Traumatology

Summary: Based on the current state of knowledge, vital pulp treatment on 
teeth with deep carious lesions is indicated only in vital teeth which are 
asymptomatic, or at the most, show symptoms of reversible pulpitis. In cases 
of irreversible pulpitis, vital pulp extirpation and root canal treatment consti-
tutes a reliable and established method that should still be considered the gold 
standard. However, recently published clinical studies show that, despite the 
diagnosis of “irreversible pulpitis”, surprisingly high success rates can be 
achieved after partial or full pulpotomy. These findings do not only challenge 
the current treatment concepts for teeth affected by pulpitis, but also the cur-
rent system for diagnosing different stages of the disease. Although the diag-
nosis of “irreversible pulpitis” is consistent with histologically detectable areas 
of bacterially infected or already necrotic tissue, these areas are localized be-
neath the carious lesion in the coronal pulp and do not affect the entire pulp 
tissue. 
Pulpotomy involves the complete removal of inflamed, and therefore heavily 
bleeding, pulp tissue up to the level where the remaining pulp tissue is 
healthy in order to create the necessary conditions for healing. To date, a total 
of 12 clinical studies with a focus on vital pulp treatment in teeth with deep 
carious lesions and irreversible pulpitis have been published. Success rates 
after observation periods of 1 to 5 years range between 85 % and 95 % in most 
studies, regardless of patient age and type of pulpotomy (partial or full). How-
ever, it must be taken into account that long-term studies are lacking, and the 
significance of the individual studies is limited by various qualitative deficits. 
In spite of these shortcomings, based on the current data, pulpotomy can be 
regarded as a valid treatment option for irreversible pulpitis and it certainly 
represents an alternative to vital pulp extirpation. Whereas the correct indi-
cation is critical, the success of a pulpotomy procedure mainly relies on the 
adequate performance of the necessary treatment steps. This includes, in addi-
tion to the aseptic treatment concept in combination with the consistent use 
of rubber dam and sterile instruments, the use of magnifying aids to enable a 
sufficiently precise amputation procedure, the endodontic expertise to assess 
the exposed pulp tissue, the application of appropriate disinfection measures 
and capping of the tissue with a bioactive material followed by an immediate 
coronal seal. 
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Introduction
The high success rate of correctly per-
formed root canal treatment has been 
proven in many studies. This is par-
ticularly true for teeth that require 
treatment, but do not exhibit signs of 
a preoperative apical periodontitis 
[45]. Even though the success rates 
5 years after vital pulp extirpation and 
root canal treatment are around 90 % 
[22], the complete loss of pulpal tissue 
function is an imperative conse-
quence [18]. This leads to several dis-
advantages, including an increased 
risk of fracture due to hard tissue re-
moval during preparation as well as 
morphological and structural changes 
of dentin that occur during treatment, 
and possibly, to an increased maxi-
mum loading owing to the partial loss 
of proprioceptive protective mech-
anisms [23, 36]. Other potential draw-
backs after root canal treatment in-
clude coronal discolorations [29], 
higher susceptibility to caries as a  
consequence of accelerated biofilm 
formation due to alterations of the 
microflora [41], the lack of defensive 
capacity of the pulp-dentin complex 
as well as the absence of a functional 
pain response system. Endodontic 
treatment often proves to be more 
complex than anticipated initially, 
which can significantly impair the 
treatment outcome. In case of failure, 
subsequent therapies to preserve the 
tooth (e.g. root canal retreatment or 
apicoectomy) are associated with sig-
nificantly increased efforts.

The above-mentioned problems 
can be avoided if the vitality of the 
pulp is maintained. Procedures that 
aim for the preservation of pulp vital-
ity are conservative measures which 
can be performed with considerably 
less time expenditure than root canal 
treatment [6]. If correctly indicated 
and implemented, vital pulp treat-
ment is associated with high success 
rates [18] and is cost-effective in the 
long term [52, 63]. 

Moreover, in recent years, the den-
tal literature shows a clear trend in 
favor of preserving tooth vitality which 
is scientifically pursued in different 
dental specialties [10, 18, 21, 51].

For an overview of vital pulp treat-
ment subsequent to pulp exposure, the 
position paper “Current recommen-
dations for vital pulp treatment” by 

the German Society of Endodontology 
and Dental Traumatology (DGET) 
should be referred to [18].

The present article focuses exclu -
sively on vital pulp treatment and in 
particular on partial removal of pulp 
tissue in teeth that require root canal 
treatment according to current stan-
dards, which are based on the belief 
that preservation of pulp vitality was 
not possible. Thus, partial pulpotomy 
(partial amputation of the coronal 
pulp) and full pulpotomy (complete 
amputation of the coronal, but pres-
ervation of the radicular pulp) are 
discussed here.

Vital pulp treatment after trau-
matic exposure (by direct pulp cap-
ping and partial pulpotomy follow-
ing complicated crown fractures) are 
not considered in this publication, as 
preservation of pulp vitality in such 
cases is implicit and can be achieved 
predictably and successfully [24, 30]. 
Likewise, cases with deep carious 
lesions but without signs of irrevers-
ible pulpitis are excluded as these 
neither represent a primary indi-
cation for root canal treatment.

1. Biological background  
regarding pulpotomy in 
cases of carious exposure

In the majority of cases, inflammatory 
reactions in the pulpal tissue develop 
due to microbial irritation originating 
from carious lesions, but may also 
occur after mechanical, thermal or 
chemical irritation or due to traumatic 
damage. Depending on the intensity 
of the stimulus, the inflamed tissue 
may either heal or increase in inten-
sity to take on acute or chronic forms. 
The inflammation spreads from the 
site of injury into the pulp tissue. Dur-
ing this process, both healthy and  
affected tissue with varying degrees  
of inflammation, can be present con-
comitantly. Furthermore, changes 
occur constantly as the inflammatory 
process progresses. Various classifi-
cation systems have been developed 
over time in order to adequately de-
scribe the pulpal status; either based 
on clinical or histological observa-
tions. Histologically, a large variety of 
pulp tissue states can be described, 
whereas the currently available clini-
cal diagnostic tools allow only a rough 
classification. Since the histopathol -

ogical condition of the pulp cannot be 
evaluated clinically, the therapeutic 
decision must be based on the clinical 
diagnosis. The AAE (American Associ-
ation of Endodontists) has adhered to 
the current consensus to classify pul-
pits clinically as reversible and irrevers-
ible [1, 2]. Whereas in teeth with re-
versible pulpitis, pain is most often in-
duced upon stimulation only, irrevers-
ible pulpitis is typically associated with 
lingering pain induced by thermal sti-
muli, spontaneous (unprovoked) pain 
and possibly by the patient’s inability 
to precisely localize which tooth is the 
culprit and source of the pain. 

According to the current state of 
knowledge, vital pulp therapy in teeth 
with deep caries is indicated only if the 
pulp is vital pulp and the tooth is 
asymptomatic, or at the very most, 
shows symptoms of reversible pulpitis 
[21]. This applies to selective caries  
excavation, too [10]. Up to now, vital 
pulp treatment is considered to be con-
traindicated if there is already evidence 
of irreversible pulpitis, due to the belief 
that the tissue cannot heal predictably 
after the removal of the triggering 
stimulus. Surprisingly, several recent 
clinical studies have shown high suc-
cess rates after partial and full pulpot-
omy in cases of irreversible pulpitis 
[3–6, 31, 33, 39, 47, 56–58, 60]. This 
challenges the suitability of the current 
classification system of pulpal diseases 
to adequately describe the condition of 
the pulp and accordingly, its clinical 
relevance [62]. Some studies suggest 
that the histological condition of the 
pulp correlates with the clinical diag-
nosis in many cases [15, 48], especially 
in healthy teeth and teeth with revers-
ible pulpitis [48], which display a mod-
erate chronic inflammatory reaction. 
Furthermore, in the majority of cases 
in which an “irreversible pulpitis” was 
diagnosed clinically, areas of necrotic 
and infected pulp were actually de-
tected histologically. In the presence of 
bacteria in the pulp chamber, micro-
abscesses and tissue necrosis can be 
found, which are engulfed by polymor-
phonuclear neutrophilic granulocytes, 
and inflammatory infiltrates are pres-
ent at the periphery [48]. However, this 
histologic condition does not affect the 
entire pulp tissue, but remains re-
stricted to the areas beneath the cari-
ous lesion, while the radicular pulp ap-
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pears unchanged apart from a partial 
loss of the odontoblast layer [48, 50]. 
Thus, the term irreversible pulpitis is 
misleading as the clinical diagnosis 
cannot be equated with the tissue‘s 
ability to heal after therapeutic inter-
vention. Vital tissue may still be pres-
ent in the root canal even in cases with 
radiographic signs of an initiating peri-
apical lesion, which is regarded as a 
local immune reaction in the periapi-
cal tissue triggered by inflammatory 
mediators [55]. Therefore, it may not 
represent an absolute contraindication 
for vital pulp treatment [56]. 

Yet, irreversible pulpitis can be 
completely asymptomatic. According 
to histological findings, teeth which 
displayed an immune reaction as de-
scribed above were clinically symp-
tom-free in 14–60 % of cases [42, 53]. 
Another study showed that in 15.6 % 
of cases, the clinical and histological 
diagnoses did not correspond [48]. 
Moreover, a significant correlation be-
tween spontaneous pain prior to treat-
ment, which suggests irreversible pul-
pitis, and the success of vital pulp 
treatment is not necessarily existent 
[40]. When diagnosing “irreversible 
pulpitis”, it must be considered that 
pain sensation is always subjective, 
does not correlate with the extent of 

the inflammation, and cannot be de-
tected histologically. The treatment of 
pulpitis should thus be based on the 
extent of the bacterial infection; un-
fortunately, in a clinical scenario, this 
cannot be determined precisely due to 
the insufficient correlation of clinical 
symptoms and histological findings.

There is, however, a good cor-
relation between the depth of bacterial 
penetration into dentin and the histo-
logically detectable pulpal response to 
the carious lesion [38]. Thus, the clini-
cal classification of the symptoms in 
terms of reversible or irreversible pulpi-
tis has nothing to say about the regen-
erative capacity of the tissue [11]. In 
contrast, the assessment of tissue 
bleeding after pulp exposure is a more 
reliable diagnostic procedure com-
pared to the sensitivity test and pain 
symptoms. In cases of mild inflam-
mation, less profuse bleeding occurs, 
especially in the case of reversible pul-
pitis. However, if bacteria have pen-
etrated deeper into the pulp tissue, the 
more pronounced inflammatory reac-
tion causes more severe bleeding from 
the tissue, particularly in the case of  
irreversible pulpitis. Pulpal bleeding 
thus reflects the degree of inflam-
mation and the chance of healing; 
heavy or prolonged bleeding indicates 

significant damage of the affected pulp 
tissue and reduced chances of healing 
[14, 28, 34, 40]. As a consequence, in-
flamed and heavily bleeding pulp tis-
sue needs to be removed completely 
up to the level where healthy tissue re-
mains in order to create the necessary 
conditions for successful pulp preser-
vation. Similarly to an acute infection 
in the fingernail area, for example, in 
which a targeted excision of the in-
fected tissue is performed rather than 
the amputation of the entire finger 
[35], the exclusive excision of the irre-
versibly damaged areas of the pulp 
would also be sufficient to allow heal-
ing in cases of pulpitis.

Pulpotomy has been considered 
an established emergency treatment 
measure for irreversible pulpitis for 
decades. Recently, two randomized 
controlled trials have shown that pain 
relief after pulpotomy is as reliable as 
after vital pulp extirpation [19, 20]. In 
this manner, the noticeably more 
time-consuming root canal treatment 
including chemo-mechanical prepara-
tion can be performed at a subsequent 
point. In these cases, the idea of using 
pulpotomy, not only as a temporary 
measure, but rather as a definitive en-
dodontic treatment is not new and 
dates back to the last century [12]. 

Figure 1 Treatment options for irreversible pulpitis
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However, this topic has been re-
searched more extensively only in re-
cent years, on the one hand due to ad-
vances in the field of pulp biology, on 
the other hand the availability of new 
bioactive materials [54]. 

Furthermore, in countries where 
root canal treatment is not accessible 
to the general public for cost-related 
reasons, pulpotomy has been con-
sidered to be a less costly alternative 
to avoid an otherwise necessary 
extraction [3, 63]. In fact, the treat-
ment duration of a pulpotomy pro-
cedure amounts to about one-third of 
that of a root canal treatment [6].

2. Pulpotomy as a clinical 
procedure after carious 
exposure

The starting point for performing a 
pulpotomy is a tooth with a deep 
lesion with pulp exposure in carious 
dentin and/or symptoms of irrevers-
ible pulpitis (Fig. 1). After isolation 
with rubber dam and disinfection of 
the tooth crown, complete caries ex-
cavation has to be performed, begin-
ning from the periphery towards the 
center, ideally using optical magnifi-
cation devices. This is followed by an 
initial examination of the pulp tissue 
at the exposure site. Infected dentin 
chips, which were transported into 
the pulp tissue during excavation, can 
often be observed. Hyperemic and ne-
crotic pulp areas may be found con-
tiguously; a pale-yellow color indi-
cates absent blood circulation and ne-
crosis, occasionally, micro-abscesses 
are present [49]. The aim of a pulpot-
omy procedure is to remove damaged 
tissue and to lay open healthy pulp by 
means of amputation. For this pur-
pose, a water-cooled, high-speed dia-
mond bur is used.

From a technical standpoint, the 
full (= cervical) pulpotomy is the  
easiest to perform because the end-
point of amputation is clearly defined 
by reaching the root canal orifices. 
Given that significantly more tissue is 
removed in a full compared to a par-
tial pulpotomy, the probability of 
leaving behind only healthy tissue 
that is capable of healing is increased, 
meaning that the prospect of success 
is high. However, this procedure also 
comes with disadvantages. For in-
stance, in the context of clinical fol-

low-up examinations, the sensitivity 
test is inconclusive and the success of 
treatment can only be assessed radio-
logically – with the corresponding 
limitations. Moreover, in contrast to 
partial pulpotomy, the risk of root 
canal obliteration after full pulpot-
omy is increased [18].

Within this framework, the extent 
of amputation should be based on the 
depth at which healthy pulp tissue 
can be identified and bleeding can  
be controlled. While inflammatory 
changes within the pulp tissue remain 
limited to the coronal 2 mm after 
trauma-related pulp exposure and 
subsequent contact with the oral mi-
lieu for up to 7 days [17, 26], the 
depth of tissue destruction that results 
from a carious process is significantly 
more variable. In this case, a reliable 
assessment of the tissue condition is 
only possible by use of using sufficient 
magnification and illumination.

Sodium hypochlorite (NaOCl) is 
recommended for rinsing and disinfec-
tion of the amputation site whereby 
the concentration of the endodontic 
irrigant (1–5.25 %) does not appear to 
be a prognostically decisive factor [43]. 
Careful compression using a cotton 
pellet soaked in NaOCl may facilitate 
further hemostasis. The use of a he-
mostatic agent is not recommended as 
it would “mask” the true inflamma-
tory state of the pulp [64]. Also, the 
use of a laser is not recommended due 
to insufficient evidence. In a recent 
randomized controlled trial, the 
supplementary use of an Er,Cr:YSGG 
laser for pulpotomy after carious expo-
sure of asymptomatic immature teeth 
was not beneficial [59].

After amputation and rinsing, 
bleeding should stop within 5 minutes. 
However, this time frame is only a ref-
erence value because, in some studies, 
significantly longer bleeding times 
(15 minutes and longer) have led to 
successful treatment [47]. Persistent 
bleeding indicates that the reduction 
of pulpal tissue was not sufficient to 
reach the level of healthy tissue [64]; in 
this case, a deeper pulpotomy or even a 
full pulpotomy can be considered. Al-
though reports of successful deeper 
pulpotomies can be found in the litera-
ture, in which the amputation site was 
up to several millimeters below the 
root canal orifices, in the authors‘ view, 

there is no discernible decisive advan-
tage compared to vital pulp extirpation 
and subsequent root canal treatment, 
at least in mature teeth.

The exposed pulp surface should 
be capped with an aqueous suspen-
sion of calcium hydroxide or prefer-
ably a hydraulic calcium silicate ce-
ment, the cap can be coated with a 
thin layer of a fast-setting material 
[16]. There is clear evidence for the 
superiority of hydraulic calcium sili-
cate cements compared to calcium 
hydroxide when used for vital pulp 
treatment after carious pulp exposure 
[13, 27, 32, 37, 58]. Within the group 
of hydraulic calcium silicate cements, 
distinct clinical differences do not 
seem to exist [37], however, the dis-
coloration potential of the respective 
product has to be considered. The ap-
plication of light-curing flowable ma-
terials with additives of MTA in direct 
contact with the pulp is not recom-
mended due to their limited biocom-
patibility [7, 46]. After the pulp cap-
ping procedure, an adhesive seal and 
coronal restoration should be placed 
immediately, since this step is critical 
for the success of the treatment.

3. State of evidence: chance 
of success in cases of  
irreversible pulpitis and 
potential influencing  
factors 

Compared to teeth with traumatic 
dam age, it can be assumed that the 
pulp of teeth with carious exposure is 
significantly pre-damaged, as the pulp 
has already been in contact with bac-
terial toxins or even with the bacteria 
themselves for a considerable amount 
of time. The lesion size, bacterial spec-
trum, and the speed at which the 
lesion progresses affect the pulpal 
status [18]. Thus, it can be expected 
that the high success rates of over 
90 % after partial pulpotomy in teeth 
with complicated crown fractures [24] 
are considerably higher than after cari-
ous pulp exposure. In spite of this, 
more than 10 current clinical studies 
have focused on vital pulp treatment 
measures in carious teeth with a diag-
nosis of “irreversible pulpitis”. High 
success rates ranging between 85 % 
and 95 % after observation periods of 
1 to 5 years have been recorded in 
most studies, regardless of whether a 
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Study

(Asgary & 
Eghbal 
2013)

(Asgary & 
Eghbal 
2014)

(Asgary et 
al. 2015)

Kunert et. Al 
2015

Kumar et al 
2016

(Taha, 
Ahmad et 
al. 2017)

(Qudeimat 
et al. 2017)

(Linsuwan-
ont et al. 
2017)

Asgary, Egh-
bal 2017

Taha, Kha-
zali et al. 
2017)

Taha et al 
2018

Uesrichai et 
al 2019

(Abbreviations: RCT = randomized control trial; Retrosp. = retrospective clinical study; Prosp. = prospective clinical study; N/S = not specified; CH = calcium hydoxide; PRF = 

platelet–rich fibrin; abbreviations of hydraulic calcium silicate cements: MTA = mineral trioxid aggregate); CEM = calcium enriched mixture; Biod. = Biodentine)

Table 1 Overview of clinical studies investigating vital pulp treatment on permanent teeth with “irreversible pulpitis”.
(Fig. 1 and Tab. 1: G. Krastl)

Study 
type

RCT

RCT

RCT

Retrosp.

RCT

Prosp.

Prosp.

Retrosp.

RCT

RCT

Prosp.

RCT

Patient 
age

9–65 years
ø 27 years

9–65 years

9–65 years

8–79 years

14–32 
years

11–51 
years

7–13 years
ø 10.7 
years

7–68 years
ø 29 years

9–65 years

20–52 
years 
ø 30 years

19–69 
years

6–18 years
ø 10 years

Number 
of 

treated 
teeth

413

407

407

273

54

52

23

55

412

50

52

69

Initial  
diagnosis 

of the 
pulp

Irreversible 
pulpitis

Irreversible 
pulpitis

Irreversible 
pulpitis

Not ex-
plicitly spec-
ified but re-
ferred for 
root canal 
treatment

Irreversible 
pulpitis

Irreversible 
pulpitis 
(> 80 %)

Irreversible 
pulpitis

Irreversible 
pulpitis

Irreversible 
pulpitis

Irreversible 
pulpitis

Irreversible 
pulpitis

Irreversible 
pulpitis

Obser-
vation 
period

1 year

2 years

5 years

5 years
(1–29 
years)

1 year

3 years

5 years
(19–74 
months)

3 years
(8–62 
months)

5 years

2 years

1 year

32,2 ± 
17,9 
months

Treat-
ment

measure

Full pul-
potomy

Full pul-
potomy

vital pulp 
extirpation

Full pul-
potomy

vital pulp 
extirpation

Full pul-
potomy

Full pul-
potomy

Full pul-
potomy

Full pul-
potomy

Full pul-
potomy

Full pul-
potomy

Partial pul-
potomy

Full pul-
potomy

Partial pul-
potomy

Capping 
material

CEM 
MTA

CEM

CEM

KH

MTA
KH
PRF+MTA

MTA

MTA

MTA

MTA
CEM

MTA
KH

Biod.

MTA
Biod.

Success

92 % (CEM)
95 % (MTA)

86 % (full  
pulpotomy)
80 % (vital 
pulp extir-
pation)

71 % (full  
pulpotomy

66 % (vital pulp 
extirpation)

89 % (1 year)
63 % (10 
years)

44 % (MTA)
38 % (CH)
36 % 
(PRF+MTA)

92,7 %

100 %

84 % 

85 % (MTA)
78 % (CEM)

85 % (MTA)
43 % (CH)

98 %

92 % (MTA)
87 % (Biod.)

Age in-
fluence

N/S

N/S

none

none

N/S

none

N/S

none

none

N/S

N/S

N/S
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partial or full pulpotomy was perform-
ed (Tab. 1). 

Half of the studies as mentioned 
are randomized controlled trials, and 
therefore regarded at the highest level 
of evidence among all primary study 
types. Still, it must be taken into con-
sideration that even this type of study 
design can only generate robust re-
sults if the planning, conduct and 
evaluation are methodologically cor-
rect and appropriately tailored to the 
research question. In general, the 
validity of single studies may be lim -
ited by various qualitative deficiencies 
such as the lack of blinding of the in-
vestigators as well as by inaccurately 
and inconsis tently defined success 
criteria [8]. In most studies, pulpot-
omy procedures are categorized as suc-
cessful if there is no clinical or radio-
logical evidence of pulp necrosis. 
However, the actual condition of the 
remaining pulp tissue is difficult to  
assess. The lack of response to sensitiv-
ity testing, at least in the case of com-
plete pulpotomy, has to be attributed 
to the treatment itself and cannot be 
considered a criterion for failure. Since 
the most frequent cause of failure after 
pulpotomy is assumed to be asymp -
tomatic apical periodontitis [31], it 
must be assumed that pulp necrosis 
remains undetected and is considered 
a failure only when radiological signs 
of apical periodontitis are present. For 
this reason, long-term studies that 
span more than 5 years are critical be-
cause the success of pulpotomy pro-
cedures in cases of irreversible pulpitis 
has only been proven clinically, but 
not histologically.

In a randomized, controlled, 
multicenter study, where pulpotomy 
was compared to root canal treatment 
in teeth with irreversible pulpitis, no 
significant difference between the two 
treatment options (vital pulp extir-
pation vs. pulpotomy) were found [5]. 
However, the success rate for endo-
dontic treatment after vital pulp extir-
pation after 5 years in this study was 
66 %, which is significantly lower 
than the reported success rates of over 
90 % in other studies [22]. Fur-
thermore, a comparison between suc-
cess rates of pulpotomy and root canal 
treatment may not be feasible, as, in 
case of failure, the conditions for 
long-term preservation of the tooth 

are different. If vital pulp treatment 
fails, root canal treatment can still be 
performed with high success rates, 
whereas retreatment shows signifi-
cantly reduced success rates.

Among the factors that potentially 
influence the prognosis of vital pulp 
treatment, patient age is frequently 
discussed. Favorable conditions for 
pulp preservation are found in young 
patients with a high potential for re-
generation, provided that the pulp tis-
sue has not been damaged previously 
[61]. In particular, teeth with imma-
ture roots benefit the most from vital 
pulp treatment which enables con-
tinued formation of dentin and ce-
mentum and thus further root devel-
opment. With increasing age, a re-
duced regenerative capacity is ex-
pected due to changes such as a re-
duced cell number and increased con-
tent of fibrous tissue [25, 44]. Never-
theless, patient age does not seem to 
have a decisive influence on the suc-
cess rate: In the existing clinical 
studies on vital pulp treatment of per-
manent teeth with irreversible pulpi-
tis, patients up to the age of 79 years 
were included (Table 1).

The question whether teeth after 
(partial) preservation of pulp vitality 
after pulpotomy procedures indeed 
have a better prognosis compared to 
teeth treated with vital pulp extir-
pation and subsequent root canal 
treatment remains unanswered. This 
would be the case if – given that tooth 
vitality is preserved in the long-term – 
the susceptibility to fracture does not 
increase after this type of treatment. In 
this respect, the critical long-term data 
are not available. However, it can be 
conjectured that the biomechanical 
stability of a tooth after partial pulpot-
omy with the preservation of most of 
the coronal pulp is more similar to a 
sound and vital tooth compared to a 
tooth with remnants of vital pulp only 
in the root canals up to the level of the 
canal orifices after a full pulpotomy.

4. Conclusion
From a patient‘s perspective, teeth 
with deep carious lesions and symp-
toms of irreversible pulpitis need to be 
treated in a way that is most likely to 
keep the affected tooth free of symp-
toms in the long term and the peri-
radicular tissue healthy. Root canal 

treatment subsequent to vital pulp ex-
tirpation is a reliable and established 
method in these cases, which is un-
doubtedly still to be considered the 
gold standard. In comparison, the evi-
dence for vital pulp treatment in teeth 
with irreversible pulpitis is rather 
sparse at present, especially because 
long-term data is missing.

In spite of this, based on the cur-
rent data, pulpotomy can be consid -
ered a valid treatment option for irre-
versible pulpitis and it surely repre-
sents an alternative to vital pulp extir-
pation [37]. In the context of treat-
ment concepts for inflammatory pulp 
diseases, the shortcomings of the cur-
rent classification of pulpitis should 
also be emphasized. A more precise 
and treatment-oriented classification 
that reflects the possibilities for tissue 
preservation would be desirable. 

In addition to the correct indi-
cation, the success of a (partial or full) 
pulpotomy to a large extent depends 
on whether the necessary measures are 
performed adequately. This implies an 
aseptic treatment concept with the 
consistent use of rubber dam and ster-
ile instruments, the use of appropriate 
magnification aids in order to be able 
to precisely perform the pulp ampu-
tation, thorough endodontic knowl-
edge to assess the condition of the ex-
posed pulp, disinfection and capping 
of the tissue with a suitable bioactive 
material and an immediate adhesive 
seal and permanent coronal restora-
tion. Recent data show that deviations 
from these requirements significantly 
reduce the success of vital pulp treat-
ment measures after pulp exposure [9].

Given that every dentist should be 
familiar with pulpotomies as emer -
gency treatment for irreversible pulpi-
tis, a next step would be to establish 
pulpotomy as a definitive measure 
(under the condition of an enhanced 
treatment protocol) besides root canal 
treatment. Especially in young patients 
with immature teeth, long-term pulp 
preservation would be most beneficial.

However, the effort required to cor-
rectly perform a (partial or full) pulpot-
omy as a definitive measure is unfortu-
nately not sufficiently reflected in the 
payment system of health insurance 
companies in Germany. 

The present position paper is 
based on the current state of scientific 
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knowledge. As this field is actively re-
searched, the necessity of updates in 
the near future is anticipated.
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