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E-cigarettes and oral health

Introduction
E-cigarettes are battery-operated de-
vices that heat up chemical solutions, 
which are referred to as liquids. Aero-
sols in different flavors are produced, 
many of which can contain nicotine 
[6]. A survey in Germany indicated a 
population of 1,4 % that use e-ciga-
rettes regularly, which corresponds to 
approximately one million people in 
Germany. The main users of e-ciga-
rettes are between the ages of 20 and 
60 years [5]. The American PATH-
study of 2018 indicated, that 1,7 % 
of participants solely smoked e-ciga-
rettes and 1,4 % smoked cigarettes as 
well as e-cigarettes in their daily lives. 
[1]. E-cigarettes are a common and 
established phenomenon in the 
population [11]. Due to frequent use 
and recent development, the ques-
tion is raised of what effect this has 
on oral health. 

Statement 
The process of „vaping“ produces 
aerosol, which contains fine particles, 
rather than tobacco smoke [1]. The 
basic ingredients include propylene 
glycol, glycol, nicotine and various 
flavors [3]. It is important to differ-
entiate ingredients because liquids 
can differ greatly. Studies suggest that 
propylene glycol in general is harm-
less for children and adults, however, 
it can induce rhinitis, asthma, ecze-
ma and allergic reactions. Further- 
more, nicotine extracts from tobacco 
contain impurities such as cotinine, 
anabasine, anatabine, myosmine and 
heavy metals [7].

Ganapathy et al. (2017) investi-
gated the effect of e-cigarette extract 
in bronchial epithelial cells (NuLi-1) 
and in cells of the squamous cell car-
cinoma of the oral cavity (UM-

SCC-1). The extracts testes induced 
significant increases of dose-depen -
dent DNA-damage in cells. It was de-
termined that extracts from e-ciga-
rettes caused less DNA damages than 
extracts from regular cigarettes. 
E-cigarette extracts cause a significant 
increase of reactive oxygen species 
(ROS) and lower the cellular anti-
oxidative capacity. This resulted in a 
significant increase in 8-hydroxy-
desoxyguanosin level, which causes 
one of the most common mutagenic 
DNA lesion [6]. Munakata et al. 
(2018) measured a rise in concen-
tration of IL-8 and makrophage col-
ony-stimulating factor (GM-CSF) in 
bronchial epithelial cells (BEAS-2B) 
[9]. In healthy study participants a 
one-time e-cigarette use caused an in-
creased number of endothelial pro-
genitor cells in the blood, which is a 
sign for a potential vascular change, 
according to Antoniewicz et al. 
(2016). After 24 h the progenitor cell 
count returned to the level of the 
control group [4].

Furthermore, first conclusions on 
the impact of e-cigarettes on the oral 
cavity and enamel were drawn. The 
working group of Sancilio et al. 
(2016) investigated the effect of 
e-liquids on humane gingiva fibro -
blasts (HGF). A dose-dependent re-
duction of 20 % of the HGF activity 
was determined for liquids with and 
without nicotine. The apoptotic per-
centage of HGF-cells increased just 
like the prevalence of the pro-apop-
totic Bax protein [10]. Kim et al. 
(2018) examined how the use of 
e-cigarettes impacts healthy enamel 
and the oral flora. Enamel samples of 
extracted, cavity-free wisdom teeth 
were exposed to the aerosol of e-ciga-
rettes (10 drags and 150 drags) and 

subsequently cultivated with S. mut-
ans in corrugated sheets. The aerosols 
formed a viscous surface that signifi-
cantly increased the adhesion of 
S. mutans on enamel surfaces. Be-
sides facilitated bacteria adhesion, 
Kim et al. noted that the used flavors 
(such as sucralose, ethyl butyrate, 
triacetin, hexylacetate) and their 
metabolites have a significant impact 
on surface hardness of the enamel 
sample. It was found that the hard-
ness decreased by up to 21,5 % [8]. 
The working group of Willershausen 
et al. (2014) investigated the effect of 
menthol as an additive: The menthol 
additive in the liquid causes a signifi-
cant reduction of the proliferation 
rate of periodontal ligament cells 
(PDL). Due to these results the work-
ing group recommends to not use 
menthol as an additive in the liquid 
of e-cigarettes [13]. 

Besides the effect on the enamel, 
Al Qahtani et al. (2018) also deter-
mined insights on the impact on the 
periodontium. The percentage of 
prob ing depths ≥ 4 mm was in-
creased significantly in hookah 
smokers (7,0 % ± 1,1 %) and cigarette 
smokers- (7,8 % ± 1,2 %) or rather 
e-cigarette smokers (5,3 % ± 1,5 %), 
when compared to non-smokers 
(4,4 % ± 0,6 %). The plaque index 
also showed significantly higher 
values for all smoking habits. E-ciga-
rette smokers exhibit a plaque index  
of 51,9 % ± 10,2 %, while it was 
34,1 % ± 14,7 % in non-smokers. The 
concentration of cytokines in the pa-
tients’ periimplanted sulcus fluid was 
also examined. All smoking habits 
caused a significant rise of proinflam-
matory cytokines TNF-α, IL-1β and 
IL-6. The total volume of sulcus fluid 
also increased significantly [2].
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Summary
The present findings from in-vitro 
and in-vivo investigations allow an 
initial assessment of potential con-
sequences of the use of e-cigarettes. 

Currently, electronic smoking devices 
cannot be seen as a safe means to quit 
smoking due to potentially harmful 
effects [12]. Longterm studies are 
necessary for substantiated state-

ments concerning oral health. In ad-
dition, the assessment of e-cigarettes 
is hampered by the usage of additives 
and their relevant variations in com-
position and effect [8, 9, 13].
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Jasmin Kirsch, Kim Sina Reinauer, Heike Meissner, Martin Dannemann, Michael Kucher, Niels Modler,  
Christian Hannig, Marie-Theres Weber

Ultrasonic and sonic irrigant  
activation in endodontics:  
A fractographic examination

Introduction: The aim of the present study was to assess the failure mode of 
current sonic (EndoActivator, Dentsply Maillefer, Ballaigues, Switzerland; 
Eddy, VDW GmbH, Germany) and ultrasonic (Irri S, VDW GmbH, Germany, 
Endo Soft Intruments EMS, Nyon, Switzerland) tips in artificial and standard-
ized root canals with different, representative radii of curvature.
Materials and Methods: 100 extracted human lower first and second molars 
were examined with regard to their 5 most common radii of curvature (2.5/ 3/ 
6/ 9/ 11 mm) and the mean length of their root canals. In addition, a straight 
canal was chosen and served as control. The canals were milled into an artifi-
cial steel model. The cyclic fatigue testing took place with the Tiratest 2720 at 
120 mm/min. Every file was tested for 12 min (8 cycles). A fractographic 
examination took place with a scanning electron microscope.
Results: All tested Irri-S instruments fractured in the canal with a 2.5 mm 
radius of curvature, 70 % of the IrriS fractured in the canal with a 3 mm radius 
of curvature. The ESI, EDDY and EndoActivator tips showed no fracture 
(p < 0.05), but surface wear and erosion of the instrument tips were visible.  
In addition, ESI and EndoActivator showed no signs of cavitation.
Conclusions: There is no existing irrigation activation system that provides 
surface quality of the tip and cleaning efficiency of the canal. Especially, in 
canals with a small radius of curvature the use of EDDY may be a safe advice.

Keywords: sonic application; ultrasonic application; root canal irrigation;  
curvature radius
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Introduction
Effective irrigation is a key factor for 
a successful root canal treatment. 
Thereby, the removal of the smear 
layer, remaining pulp tissue, bacteria 
and their endotoxins and decomposi-
tion products is essential for the en-
dodontic success [2, 44, 53]. As a re-
sult, a reduction of bacteria can be 
achieved with a factor of 100–1000. 

It has been known for years, that 
due to the difficult canal anatomy it is 
impossible to shape and clean the 
root canal system completely [6, 13, 
17, 18, 21, 23–25, 43, 46, 49]. There-
fore, chemical agents serve as irrigat-
ing solutions to clean untouched areas 
such as isthmi, dentinal tubules and 
complex apical structures [22, 46]. 
However, it is difficult to transport the 
irrigant to these specific areas, es-
pecially in the apical portion of the 
canal [21]. Previous studies have 
shown that sonic or ultrasonic acti-
vation of the irrigating solution can 
improve the agents’ positive proper-
ties. In the past years, ultrasonic and 
sonic activation systems have been ex-
tensively examined [5, 15, 16, 20–22, 
29–31, 33, 38, 45, 51]. Unfortunately, 
there are unpredictable treatment situ-
ations where activation tips fracture 
[32]. Especially, the fracture of the ex-
pensive ultrasonic irrigant activation 
tips result in complicated treatment 
situations. The removal of the frac-
tured file cannot be guaranteed in all 
treatment cases. In the worst case, 
that scenario leads to the loss of the 
tooth and the failure of the root canal 
treatment. Screening the literature to 
our best knowledge, there is no study 
that determines the failure mode of ir-
rigation activation devices. 

To examine failure modes of sonic 
and ultrasonic tips, basic knowledge 
is necessary. Several parameters such 
as experience and performance of the 
dentist, the quality of the intraradicu-
lar dentin, the taper after root canal 
treatment, the curvature radius of the 
root, the material and the geometry 
of the irrigant activation tips in-
fluence the fracture characteristics of 
these tips. However, in order to 
achieve reproducible results with low 
scattering of the measurement values, 
a standardized model with few vari-
ables has been introduced in the pres-
ent study. Hereby, the influencing 

parameters dentist, dentin and taper 
were substituted by constant para -
meters. The primary focus of the 
study was therefore the root canal 
curvature radius and its impact on the 
irrigation tips. Using the identical ap-
plication mode, the reproducible fail-
ure of the tips was tested under stan-
dardized conditions.

The aim of this study was there-
fore to assess the failure mode of cur-

rent sonic and ultrasonic tips in ar-
tificial and standardized root canals 
with different, representative radii of 
curvature.

Material and Methods

Prestudy
100 extracted human lower first and 
second molars of middle-aged donors 
were extracted during routine sur-

Figure 1a–b Exemplary measured teeth by means of the X-ray program Sidexis (Helio-
dent Plus, Sirona, Germany). The depth of the access cavity (in the present example: 
9.23 mm) and the root canal length (19.8 mm) were measured (a). In addition, the 
radius of curvature of the left distal canal was calculated (in the present example: 
5 mm) by applying a various radius over the entire length of the distal root canal (b).

Figure 2 Distribution of the radius of curvature found in 100 lower molars’ distal ca -
nals. The 3 mm radius of curvature was the smallest radius, which was found in the 
present radiographic examination, 6 mm was the most common radius of curvature 
and 8 mm was the second most common radius of curvature. In addition, an 11 mm 
radius of curvature was exemplary chosen to represent a large radius of curvature.
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gical treatment in the department of 
maxillo-facial surgery. The teeth were 
stored in thymol solution at 4 C and 
analyzed by means of root canal cur-
vature regarding the distal canal. In-
clusion criteria for the study were: 
lower first and second molar, C-(en-
tirely curved) and J-(apical curve) [34] 
shaped configuration of the molars’ 

distal canal and an intact apex. Ex-
clusion criteria were calcifications, 
previous root canal treatment, frac-
tures, resorptions, S-(multicurved) 
and I-(straight) shaped configuration 
of the molars’ distal root canal [34]. 
Hereby, 2-dimensional and ortho-
grade radiographic visualization took 
place (Heliodent Plus, Sirona, Ger-

many) (Fig. 1a). The aim of the 
chosen method was to facilitate the 
selection process of the included 
teeth. 

Artificial root canal model
The teeth were measured by the x-ray 
program Sidexis (Heliodent Plus, Si-
rona, Germany). First, the depth of 

Figure 3a–c The sonic and ultrasonic tips (a–c) were measured by an electronic outside micrometer to define the parameters (maxi-
mum and minimum diameter) for the artificial steel model. The diameter was measured in different spots (h1–h4; a–c). Every spot 
was measured 10 times. For the construction of the root canal model, the maximum diameter was determined. Thereby, the diameter 
measurement was conducted for the IRRI S ultrasonic tip (a), the Eddy sonic tip (b) and the EndoActivator sonic tip (c).

Figure 4 Results of the Energy-dispersive X-ray spectroscopy (EDX) analysis of Irri S and ESI tips: The material composition was  
detected and showed that the Irri S consists of chromium, iron and nickel. In contrast, the ESI tip consists of nickel and titanium.
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the access cavity (distance between 
the reference cusp and root canal ori-
fice) as well as the root canal length 
(distance between canal orifice and 
root canal apex) was determined (Fig. 
1a). This calculation resulted in an 
average access cavity depth of 11 mm 
and an average root canal length of 
9 mm. Consequently, an average 
total length of 20 mm was obtained 
for the standardized model (Fig. 2). 
Second, the radius of the distal canal 
curvature was calculated (Fig. 1b). 
Thereby, the radius of curvature was 
measured by approximating the dis-
tal root canal’s curved section using a 
circle with varying radius. Different 
curvatures are represented by the size 
of the radius. A large radius stands for 
a small curvature and a small radius 
represents a strong curvature. Regard-
ing the frequency of distribution, the 
statistical analysis was performed by 
the statistic program SPSS. Hereby, 
the mean values of the total root 
canal length, the depth of the access 
cavities as well as the radius of the 
curvature were calculated. 

The following radii of curvature 
were chosen for the artificial root 
canal model (Fig. 2):
•  2.5 mm: this configuration was 

not detectable in the x-rays, it was 
chosen to test the load limit

•  3 mm: smallest radius of curvature 
•  6 mm: most common radius of 

curvature
•  8 mm: second most common 

radius of curvature
•  11 mm: exemplary for a large 

radius of curvature
•  R: representing a straight canal
In the following, the diameters of the 
sonic and ultrasonic tips were 
measured by an electronic outside 
micrometer (Holex, Hoffmann 
group, Munich, Germany). Thereby, 
the measuring range was between 
0–25 mm, the accuracy was within 
0.001 mm and the width of the 
stamp was 6 mm. The sonic and 
ultrasonic tips were measured in dif-
ferent spots and the maximum diam-
eter was calculated for every position 
(Fig. 3 a-c). The measurement reveal-
ed a large range in diameter between 
the sonic and ultrasonic files. For this 
reason, 2 different test series were 
created for sonic (diameter: 1.2 mm) 
and ultrasonic files (diameter: 

0.8 mm) (Fig. 5 and 6). The diameter 
of these artificial root canals was de-
signed to fit the files in their oscillat-
ing mode and represent a curved root 
canal. Therefore, the size was created 
4 ISO-sizes larger than the average 
original diameter of the sonic (maxi-
mum diameter: 1 mm) and ultra-
sonic (maximum diameter: 0.6 mm) 
files. 

With the acquired information, a 
root canal model was obtained (Fig. 5 
and 6). The present study included a 
steel model (Fig. 6) with C- and 
J-shaped root canal configurations 
differing in the most distributed cur-
vature radii calculated earlier by sta -
tistical analysis (Fig. 2). The artificial 
root canals had always the same ac-
cess cavity and root canal’s arc length 
(20 mm). The square cross-section 
throughout the root canals had an 
inner dimension of 0.8 mm for ultra-
sonic files and 1.2 mm for sonic files 
(Fig. 5 and 6).

Irrigation procedure
The cyclic fatigue testing took place 
with the Tiratest 2720 (Tira GmbH, 
Schalkau, Germany) at 120 mm/min 
with the following sonic and ultra-

sonic activation tips (Fig. 6b). The 
tips are driven in each case by means 
of the manufacturer’s original tool 
holder. The stress of the irrigation tip 
results of the bending deformation 
during the penetration and the addi-
tional dynamic stress due to sonic 
and ultrasonic oscillations.

Sonic tips
EndoActivator (EA) group, (Dentsply 
Maillefer, Ballaigues, Switzerland), 
with a size 25, 4 % taper tip, 22 mm 
length, placed at working length 
(WL) –1 mm (n = 10 tips per tested 
radius of curvature).

Eddy (ED) group, (VDW, Munich, 
Germany), with a size 20, 2 % taper 
tip, 28 mm length, mounted on a 
scaler (Pferdefit Dental, Hohenstein-
Breithardt, Germany). Tip placement 
and irrigation/activation times were 
identical to the EA group (n = 0 tips 
per tested radius of curvature).

Ultrasonic tips
In addition, Energy-dispersive X-ray 
spectroscopy (EDX) analysis of Irri S 
and ESI tips was carried out with an 
XL 30 ESEM (Philips, Eindhoven, The 
Netherlands) with an EDX system 

Figure 5a–b Design drawing of the root canal model. With the results of the diameter 
and radius of curvature measurements, a root canal model was obtained (a–b). The arc 
length of the artificial root canals was always defined at 20 mm, the root canal diameter 
at 0.8 mm for ultrasonic files (b) and 1.2 mm for sonic files (a; lower row).

KIRSCH ET AL.: 
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(Phoenix, EDAX INC., Mahwah, N.J., 
USA) in order to detect the material 
composition of the 2 tips (Fig. 4).

Irri S, (Ultrasonic irrigant acti-
vation Group, VDW GmbH, Ger-
many), with a size 20 tip, 0.3 % taper, 
21 mm length, mounted on an ultra-
sonic unit (VDW Ultra, VDW GmbH, 
Germany) at a power setting of 30 % 
according to manufacturer’s settings. 
Tip placement and irrigation/acti-
vation times were identical to the EA 
and Eddy groups (n = 10 tips per 
tested radius of curvature).

ESI, (Endo Soft Instruments EMS, 
Nyon, Switzerland), with a size 
15 tip, 0,3 % taper, 22 mm length, tip 
placement and irrigation/activation 
times were identical to the EA, Eddy 
and Ultrasonic irrigant activation 
groups (n = 10 tips per tested radius 
of curvature).

After every cycle, a rinsing with 
water took place. Every file was tested 
for a total time of 12 min (represent-
ing 90 s for each of the 8 cycles). The 
starting point was placed at the canal 
orifice at 9 mm, clinically at the be-
ginning of the root canal. When 
starting, the file penetrated 10 mm 
into the canal (Fig. 6b) and stopped 
1 mm before the apex to ensure the 
whole working length.

During the irrigation procedure, a 
microscopic camera at a resolution of 
2560 x 2048 pixel and a frame rate of 
30 frames/second detected the pres-
ence of long-time cavitation phe-
nomena for every tested tip.

Inspection of the instruments 
and fractographic examination
The instrument tips were autoclaved 
and then ultrasonically cleaned in 

absolute alcohol prior to scanning 
electron microscopic examination 
(SEM, XL 30 ESEM, Philips, Eind-
hoven, The Netherlands) as described 
earlier [8]. At different views, images 
of the fractured surface were obtained 
at high magnifications. Two exam -
iners examined the fractographic  
images. Thereby, fatigue striations 
which are characteristic for metallic 
materials [8] were detected for the 
Irri S and ESI instrument tips. 

According to Collins, the 4 recog-
nized modes of fracture in metal [9, 
10] were used to categorize the pres-
ent failure mode of the Irri S and ESI 
tips:
1.  Cleavage: ”Refers to the cracking 

of a crystalline solid along slip 
planes” [8].

2.  Dimple rupture: ”The typical frac-
tographic appearance of ductile 
failure; under (tensile or shear) 
load internal voids (due to inclu-
sions, microporosities, precipitates 
or other microstructural heteroge-
neities) grow in size until the re-
maining material in between these 
‘holes’ fails because of overload“ 
[11].

3.  Fatigue: ”A form of transgranular 
fracture where the grain bound-
aries have little effect on the direc-
tion of crack propagation” [8, 41].

4.  Decohesion: “The rupture of a ma-
terial along grain boundaries, 
usually under the influence of en-
vironmental factors, such as hy-
drogen embrittlement or attack by 
corrosive agents”[11].

The mechanisms of fatigue [7, 47] 
and fatigue crack growth [36, 39] of 
polymeric materials are based on the 
general modes established for metals 
[7]. Interestingly, both materials 
show similar stress-life curves and fa-
tigue crack growth curves [7]. There-
fore, the fractographic examination 
of the Eddy and EndoActivator tips 
was carried out in a similar manner 
according to the failure modes of 
Irri S and ESI tips. In addition, the 
distance between the fractured ends 
and the tips of the instruments were 
measured to calculate the length of 
the fractured segment for each instru-
ment. 

In order to calculate the devel-
opment of the failure intensity, the 
following steps were performed: 

Figure 6a–b Figure 6 shows the obtained artificial steel root canal model for the test-
ing of sonic files (a, 1.2 mm diameter, upper row) and ultrasonic files (a, 0.8 mm diam-
eter, lower row). The cyclic fatigue testing took place with the Tiratest 2720 at 120 mm/
min (b). The starting point was placed at the canal orifice at 9 mm (b, marked line). 
The file penetrated 10 mm into the canal and stopped 1 mm before reaching the apex 
to ensure the working length (19 mm).
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•  Evaluation of the failures, failure 
frequency and failure intensity

•  Evaluation of the differences be-
tween the different sides of each 
tip (numerical – by calculating the 
4 sides) coefficient of variation 
(mean squared deviation, referred 
to the mean value) of the mean 

failure intensity respectively to the 
number of failures.

Data analysis
Statistical analysis was performed by 
Anova (α = 0.05) and Bonferroni 
holm correction (p = 0.01) using SPSS 
22.0 software (SPSS, IBM, Germany). 

In the present study, the following 
null hypothesis is tested: No fractures 
of the sonic and ultrasonic tips occur 
in the different shaped canals.

Results
The analysis of the radii of curvature 
demonstrated that the 3 mm radius 

Figure 7a–f Initial state of the Irri S instrument tip: Instrument surface showing no surface wear (a–c; A) but manufacturer-dependent 
material characteristics (a–f; B). In addition, fanned out areas were detected at the material surface (d, f; arrow).

A) No surface wear

B) Manufacturer-dependent material characteristics

Arrow: Fanning out of the material surface

Figure 8a–f Fracture surface of an Irri S tip (a, e, f) showing fatigue striations, crack initiations (arrows) and areas not involved in  
fatigue striations (a; B). The profile of the tip reveals the presence of further crack initiations at the periphery of the instrument (b, c, 
d; arrows). Note the areas with skewed dimples on high power view (f; A).

A) Skewed dimples

B) Areas not involved in fatigue-crack propagation

Arrow: Crack initiation
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of curvature was the smallest radius, 
which was found in the present 
radiographic examination (3 teeth) 
of 100 lower molars’ distal canals 
examined. A 6 mm radius of cur-
vature was the most common radius 
(18 teeth), followed by 8 mm, the 
second most common radius of cur-
vature (15 teeth, Fig. 2). In addition, 
an 11 mm radius of curvature was 
exemplary chosen to represent a 
large radius of curvature (7 teeth, Fig. 
2). 

The results of the Energy-disper-
sive X-ray spectroscopy (EDX) analy-
sis of Irri S and ESI tips showed that 
the Irri S consists of chromium, iron 
and nickel. In contrast, the ESI tip 
consists of nickel and titanium.

As determined by Anova and 
Bonferroni tests, there were signifi-
cant differences (p < 0.01) between 
the tested instrument tips. Thereby, 
all Irri S tips fractured in the 2.5 mm 
radius canal (n = 10) and 70 % of the 
Irri S tips fractured in the 3 mm 
radius canal (n = 10). All other tested 
systems achieved significant better 
results, since there were no fractures 
of the EDDY-, EndoActivator- and 
ESI-tips in the examined canals with 
different radii of curvature.

A pre-inspection of the Irri S tips 
showed that these tips displayed 
more surface defects on the surface 
than the other tested tips. These de-
fects were unevenly distributed on 
the 4 surfaces of the instrument and 

concentrated on the tips edges. 
Therefore, the inspection and exam-
ination of the instruments had to 
take place in 4 directions (each ro-
tation around 90°). 

At high magnification of the ini -
tial state of the Irri S instrument tip, 
the surface showed manufacturer-de-
pendent material characteristics (Fig. 
7) with fanned out areas (Fig. 7d, f). 
In all cases (n = 10; 100 %) the frac-
ture surface of the Irri S tips showed 
fatigue striations (Fig. 8) after appli-
cation of the tip into the 2.5 mm 
radius of curvature canal. These fa-
tigue striations indicate a fatigue fail-
ure mode. After the application into 
the 3 mm radius of curvature canal, 
7 cases (70 %) showed fractured Irri S 
tips. In lateral view, further crack 
initiations at the periphery of the  
instrument (Fig. 8c–d) as well as 
skewed dimples in areas not involved 
in fatigue crack initiation were vis-
ible (Fig. 8e–f). Further, Irri S tips 
without fracture of the tip showed 
crack initiations at the periphery of 
the instrument (Fig. 9a–d, arrow). 
The mean length of the fractured 
segments was 7.9 mm ± 2.2 mm in 
the 2.5 mm radius-canal and 
7.2 mm ± 2 mm in the 3 mm radius-
canal measured from the tip’s free 
end. At the edges of the Irri S tip’s de-
formation areas, many transverse 
cracks were observed. Subsequently, 
further material spalling is possible. 
Furthermore, these massive and ir-
regular edge deformations were also 
detectable in the unfractured Irri S 
tips.

The microscopic analysis of the 
ESI-instrument tip surface also 
showed manufacturer-dependent ma-
terial characteristics in the initial 
state (Fig. 10b). In contrast to the 
other tested tips, this series (NiTiAl-
material) displayed a cylindrically 
symmetric, non-angle shaped form 
and the surfaces showed lower ma-
chining grooves. Only the taper sur-
faces had noticeable process-induced 
transverse grooves. After the usage of 
the tip, low surface wear and a le-
velled surface relief with scratches, 
material abrasion and an erosion of 
the instrument tip were visible (Fig. 
11a–d). The different radii of cur-
vature had almost no impact on the 
fracture pattern and frequency.

Figure 9a–d Irri S tip showing signs of crack initiation at the periphery of the instru-
ment without the fracture of the tip (a–d; arrow). Presence of manufacturer dependent 
material characteristics on the surface of the instrument (A).

A) Manufacturer-dependent material characteristics

Arrow:  Crack initiation

Figure 10a–b Initial state of the ESI-instrument tip: Instrument surface showing no  
surface wear (a; A) but manufacturer-dependent material characteristics (b; B).

A) No surface wear

B) Manufacturer-dependent material characteristics
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The surfaces of the EDDY and  
EndoActivator instrument tips also 
showed manufacturer-dependent ma-
terial characteristics (Fig. 12 and 14). 
Thereby, polymer structures were de-
tectable at the tip of the Eddy instru-
ment (Fig. 12a–c) and at the syn-
thetic joint of the EndoActivator (Fig. 
14 a, c–f). After Application of these 
2 sonic activation devices, surface 
wear, a levelled surface relief and ma-
terial abrasion were visible (Fig. 13 
and 15). 

All Eddy activation tips displayed 
a casting seam caused by the casting 
of the polymer material. Throughout 
the experiments, this casting seam 
was exposed to particular stress and 
showed cracks and spalling. The first 
SEM images were taken with 20 keV 
primary energy. Thereby, higher mag-
nification (2000x and higher) caused 
defects in the material (porosities, 
cracks). Consequently, all the SEM 
images which were analyzed in the 
present study were taken with 5 keV 
primary energy. Thereby, all EDDY 
samples displayed a strong erosion of 
the instrument tip (Fig. 13a–c). On 
the surface of the blunt EndoActi-
vator tip a lower erosion of the in-
strument tip was visible, too (Fig. 
15a–b). Besides, crack initiation at 
the periphery of the instrument was 
detectable (Fig. 15c, arrow). The 
examination with the microscopic 

camera showed cavitation of the 
Irri S tip and Eddy tip but no signs of 
cavitation for the ESI and EndoActi-
vator tips. 

Discussion
The removal of bacteria and their en-
dotoxins from the complex root 
canal system is one of the goals of 

root canal therapy. Different strat-
egies such as delivery or irrigant acti-
vation systems can enhance the ef-
fect of the disinfection procedure. 
Thus, practitioner can safely use 
these helpful techniques, it is neces -
sary to ensure a certain user and pa-
tient safety. Therefore, the aim of the 
present in vitro study was to evaluate 

Figure 11a–d ESI-tip showing no signs of fracture or crack initiation at the periphery  
of the instrument. Although, low surface wear (a, b, d; A) and a levelled surface relief 
(a–b; B) with scratches, material abrasion (c; arrow) and erosion of the instrument tip 
are visible (a–b; B).

A)  Low surface wear

B)  Levelled surface relief and erosion of the instrument tip

Arrow:  Scratches and material abrasion

Figure 12a–f Initial state of the Eddy-instrument tip: Instrument surface showing no surface wear but manufacturer-dependent mate -
rial characteristics like adhesion of polymer structures at the tip of the instrument (a–c; arrow) and a structured surface (a, c, d, e, f; A).

A) Manufacturer-dependent material characteristics

Arrow: polymer structure adhesion
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the failure mode of current sonic 
(EndoActivator, Dentsply Maillefer, 
Ballaigues, Switzerland; Eddy,VDW 
GmbH, Germany) and ultrasonic 
(Irri S, VDW GmbH, Germany, Endo 
Soft Intruments EMS, Nyon, Switzer-
land) tips in artificial and standard-
ized root canals with different, repre-
sentative radii of curvature. The null 
hypothesis stated that no fractures of 
the sonic and ultrasonic tips occur in 
the different shaped canals. How-
ever, the results of the present study 
showed that the null hypothesis can 
be rejected. The ultrasonic steel tip 
Irri S fractured in 70 % of the 3 mm 
radius-canals and in 100 % of the 
2.5 mm radius-canals. Although, the 
2.5 mm radius represents an extreme 
curvature, the other tips showed no 
fracture. This canal configuration 
might be rare but not uncommon 
[52].

The radius of curvature, which 
determines the stress field for the 
tips, is a more important factor in the 
susceptibility of the instrument to 
fracture, than the number of treated 
root canals as described by Kuhn for 
bending tests of NiTi rotary files [28]. 
Thus, in this context, Cheung et al. 

[8] stated that correct assessment of 
the root canal curvature cannot be 
over emphasized. The most common 
strategy to determine the canal cur-
vature is the method of Schneider 
[42]. In the present study out of 
100 lower first and second molars, 
merely 2 teeth were suitable to deter-
mine the Schneider angle. The reason 
was the curved canal geometry, 
which cannot be completely repre-
sented by an angle. Since it is not al-
ways possible to determine the angle 
of the curvature by the Schneider 
method, the Schneider method was 
rejected and a more important para -
meter needed to be taken into con-
sideration. 

Until now, no study determined 
the canal curvature using only the 
radius of curvature as a descriptive 
parameter of the root canal shape. 
The use of the radius of curvature 
specifies the root canal curvature 
characteristics and therefore im-
proves the standardized represen-
tation of the different root canal 
types in the artificial model. This 
model is required to obtain an assess-
ment cyclic fatigue of ultrasonic and 
sonic irrigation activation devices.

In the present study, the cur-
vature radius was measured just from 
a two-dimensional and facial view. 
Three-dimensional radiographic im-
aging like μ-CT would of course im-
prove the analysis of the exact root 
canal curvature [14]. However, the 
study of Schäfer et al. [40] showed 
that 71 % of the distal canals were 
canals with one curve and S-shaped 
canals could be found in 18 % of the 
determined canals (n = 50 first man-
dibular canals) [40]. As a result, the 
majority of lower molars dispose one-
shaped canals, although this should 
be manifested in further studies  
with a greater number of cases. Fur-
thermore, the following require-
ments for the present artificial and 
standardized root canal model were 
selected to meet specific needs. 

First, the model was designed to 
ensure mechanical resistance to the 
tested sonic and ultrasonic tips. Sec-
ond, a non-altering surface guaran-
teed a root canal surface integrity at 
the beginning and at the end of the 
examination. The model was there-
fore manufactured in stainless steel 
and not with bovine or human den-
tin, which is very common for cyclic 

Figure 13a–f Eddy tip showing no signs of fracture or crack initiation at the periphery of the instrument. Although, surface wear 
(a–d, f; A) and a levelled surface relief (a–d; B) with scratches (a–b, f; arrow), material abrasion (c, d; arrow) and strong erosion of 
the instrument tip are visible (a–c; *).

A)  Surface wear

B)  Levelled surface relief 

C) Area with low surface wear

* Erosion of the instrument tip

Arrow:  scratches (a–b, f) and material abrasion (c–d)
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fatigue resistance testing of endodon-
tic file systems [48]. In laboratory 
studies, artificial canals have been 
widely used to evaluate the cyclic fa-
tigue resistance of nickel titanium 
files to ensure the standardization of 
experimental conditions [26, 27, 35, 
48]. Thereby, stainless steel serves as a 
stable base material and guarantees 
identical conditions for the cyclic fa-
tigue testing. Structural differences of 
the human and bovine dentinal hard 
tissue (sclerotic dentin, deminerali -
zation, amount and density of denti-
nal tubules) have a potentially high 
impact on the fracture mode, leading 
to scattered measurement values. The 
use of human molars’ distal canals 
was rejected because of the high 
inter- and intraindividual differences 
of the root canal geometry, the canal 
length and the differences in dentin 
hardness [1, 48]. These unpredictable 
parameters were excluded in the pres-
ent study by using a stainless steel 
model. Furthermore, it should be 
noted that the square cross-section of 
the artificial canals is not equivalent 
to the geometry of human root ca -
nals, but it enabled to simulate the 
almost two-dimensional bending of 

the endodontic instruments and thus 
was adapted to examine the failure 
mode of sonic and ultrasonic tips. 
However, the results of studies that 
use artificial canals must be extra-
polated to clinical conditions with 
care because of the differences be-
tween a stainless steel block and den-
tin [4, 48].

As a result the Irri S tip fractured 
only at the 2.5 mm radius and 3 mm 
radius canal. The other investigated 
sonic and ultrasonic irrigant acti-
vation devices endured the cyclic fa-
tigue testing procedure but showed, 
particularly for polymer tips, surface 
erosion due to interaction with the 
canals’ walls. The reason might be 
the contact with the stainless steel 
models’ walls. Apparently, the flat-
tening at the edges of the Irri S tip 
refers to the square diameter of this 
instrument. It can be assumed, that a 
high contact pressure is caused by the 
small contact surface of the tips edges 
with the artificial root canal. Con-
sequently, the contact pressure ex-
ceeds the yield stress of the material 
and results in plastic deformation. 
Thereby, the model does not repre-
sent a realistic reproduction of the 

clinical conditions. However, after 
shaping and rinsing the canal system, 
it is conceivable that the surface 
roughness of the dentine can create 
comparable surface erosions of the 
polymer tips.

A fractographic examination aims 
to identify features on the fracture 
surface that would indicate the origin 
and the direction of propagation of 
the cracks leading to material failure 
(ASM International 1987). According 
to the classification of Collins [10], 
the present failure mode was fatigue 
failure. This failure mode mainly oc-
curs in the area of maximum cur-
vature, particular in small radii, after 
a certain number of cycles [37]. Start-
ing from an initial crack at the instru-
ment’s surface, due to manufacturing 
defects, repeated plastic deformation 
enables the crack to propagate and a 
dimple configuration is created. Once 
a crack is formed, tension leads to 
pull the material apart and compres-
sion pushes the structure together 
[8, 50]. With increasing load cycles, 
these cracks propagate until they 
reach a critical size and the surround-
ing material is no longer able to resist 
the load and the fracture of the ma-

Figure 14a–f Initial state of the EndoActivator-instrument tip: Instrument surface showing no surface wear (a, f; A) but manufacturer-
dependent material characteristics like the blunt tip (a–b; *) and polymer structure adhesion at the synthetic joint (a, c–f).

A) No surface wear

B) Manufacturer-dependent material characteristics

* Blunt tip
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terial occurs [8]. Thereby, areas not 
involved in the crack propagation 
process do not reveal the dimple con-
figuration [8] as shown in figure 8a. 
The fracture surfaces of the Irri S tips 
showed typical examples of mixed 
fracture modes with parts of fatigue 
failure and zones of skewed dimple 
fractures. The skewed dimple rup-
tures can develop from forced rup-
ture. Afterwards, the starting point 
for a fracture can always be found at 
one of the edges. Throughout the 
ultrasonic activation, the starting 
point for the fracture progresses and 
reduces the diameter to an extent 
that leads to a more ductile skewed 
dimple fracture mode. Three out of 
10 Irri S tips showed no fracture of 
the instruments after the application 
in the 3 mm radius of curvature 
canal. The length of the fractured 
segments was 7.9 mm in the canal 
with 2.5 mm radius of curvature and 
7.2 mm in the canal with 3 mm 
radius of curvature. This region of the 
canal represents the area with the be-
ginning of the curvature for a fully 
penetrated device. Manufacturer de-
pendent material characteristics like 
machining grooves and scratches 

were detected on the whole surface of 
the instruments working part (Fig. 
9 a–d; arrow). These are irregularities 
that serve as “stress-raisers” [41] and 
therefore as “initiators” of micro 
cracks. Fatigue failure only accounted 
for the Irri S tip, which might be ex-
plained with the material character-
istics of these tips. The Irri S tip con-
sists of chromium, iron and nickel 
(Fig. 4). 

In contrast, ESI represents a NiTi-
tip (Fig. 4). It has already been 
pointed out in the literature, that 
NiTi alloy appears highly flexible, 
elastic and works superior in curved 
canals [8, 19] compared to stainless 
steel instruments. A major disadvan-
tage of this tip is the incompatibility 
of the tip and the intended device. It 
was not possible to attach the tip 
completely firm to the manufac-
turer’s mounting, so all tested Endo 
Soft tips had a loose attachment dur-
ing the experiments. This clearly  
affected the results as the energy 
transfer from the handpiece to the 
tip was impaired. Considering that 
ultrasonic irrigant activation may 
also result in uncontrolled removal of 
dentin [3], it is important to investi-

gate the less aggressive sonic acti-
vation systems [12].

Eddy tips are made of polyamide 
and are longer (28 mm length) than 
the EndoActivator tips (21 mm/ 
25 mm length), which are made of 
an unreinforced, low-viscosity acetal 
copolymer [12]. They showed no 
signs of fracture. However, the pres-
ent study determined erosion of the 
instrument tips and levelled surface 
reliefs in both instruments. That 
raises the question of the where-
abouts of the missing material. How-
ever, a rough tip surface could also 
provide advantages in terms of irrig-
ant activation by enhancing the local 
streaming. According to manufac-
turer information, fractured Eddy tip 
fragments macroscopically visible 
move up in the canal with the irri-
gation solution. Nevertheless, under 
certain conditions it might be pos -
sible that microscopically visible ma-
terial components remain in the 
ramified root canal system or are 
even transported with the irrigant 
flow to and beyond the apical region. 

The present study showed that 
canals with small radii of curvature 
are difficult to manage with ultrasonic 

Figure 15a–f EndoActivator-tip showing no signs of fracture but crack initiation at the periphery of the instrument (e; arrow).  
Although, surface wear (f; A) and a levelled surface relief (a–d; B) with erosion of the instrument tip and crack initiation at the  
periphery of the instrument are visible (e; arrow).

A)  Surface wear 

B)  Levelled surface relief 

C) Area with low surface wear

* Erosion of the instrument tip

Arrow:  crack initiation
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irrigating activation in vitro. The Irri S 
tip broke more often than the sonic  
irrigation files. Consequently, Eddy 
seems like a promising system. Never-
theless, it is a relatively new device so 
case reports about treatment difficul-
ties are missing. 

Conclusively, the present study 
provides a basis for the establishment 
of further studies with additional 
para meters study by study in order to 
counteract the often-performed “trial 
and error”-study designs in medicine 
and dentistry. In this particular case, 
a follow-up study should implement 
artificial canals milled in bovine den-
tin with the curvature radii of the 
current study. However, this investi-
gation enables a defined comparative 
assessment of different sonic and 
ultrasonic irrigation activation de-
vices under completely standardized 
conditions.

Conclusions
An artificial and standardized root 
canal model was successfully intro-
duced with different radii of cur-
vature, based on evaluations of 
human molars, for a comparative as-
sessment of different sonic and ultra-
sonic irrigant activation devices. For 
a predefined cyclic fatigue test, it was 
demonstrated that the investigated 
polymeric sonic and NiTi-ultrasonic 
irrigant activation devices did not 
fracture due to the combined bend -
ing deformation with additional dy-
namic stress. Only the stainless steel 
ultrasonic device Irri S showed fa-
tigue failure in canals with a small 
radius of curvature. However, the 
newly implemented approach is a 
model system that does not represent 
a realistic reproduction of the clinical 
conditions during irrigation pro-
cedures performed by a dentist. Thus, 
direct extrapolation to a clinical situ-
ation must be exercised with caution 
and further studies with additional 
influencing parameters are necessary.
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Christian Graetz, Jonas Conrad, Christof E. Dörfer, Sonja Sälzer

Administration of systemic adjunc-
tive antibiotics in periodontology – 
a nationwide online survey

Introduction: For the last 30 years, the central pathomechanical path of peri-
odontitis has been described as a polymicrobial infection by an oral biofilm 
containing specific pathogens. Consequently, a combination of microbiologi-
cal tests followed by systemic antibiotics has been used as an adjunct to me -
chanical removal of the biofilm. According to current knowledge, however, 
conversion of the originally physiological and symbiotic biofilm into a dys-
biotic biofilm is crucial for the pathogenicity. Hence, testing for the presence 
of specific microorganisms is of less clinical relevance. Systemic adminis-
tration of antibiotics after prior mechanical debridement undeniably has an 
added benefit in severe manifestations of periodontitis. In light of this, it is 
unclear how the decision to administer systemic antibiotics as part of peri -
odontitis therapy is made in dental practices. Evaluating this decision process 
was the subject of this study.

Methods: The preferences for prescribing adjunctive systemic antibiotics in 
periodontal therapy were determined with 29 question items using a web-based 
software (Unipark, Questback GmbH, Germany). The anonymous survey was 
advertised throughout Germany and conducted from May to October, 2018. 
Data organization, descriptive evaluation, and contingency analysis (Pearson’s 
chi-squared test, Cramer’s V) were performed with PASW Statistics 18 (SPSS 
Statistics 18, IBM, Chicago, USA). The significance level was defined as p = 0.05.

Results: The online survey was accessed by 5745 interested persons. Of these, 
425 (7.4 %) completed the survey in full. Most frequently, these respondents 
reported prescribing antibiotics in periodontitis treatment in patients with 
rapidly progressive (aggressive) periodontitis (34 %), with necrotizing ulcer -
ative gingivitis/periodontitis with pronounced general symptoms (56 %) and 
with acute periodontal abscesses with tendency to spread or with pronounced 
general symptoms (76 %). 58 % of respondents started with the antibiotic 
therapy prior to root surface instrumentation and 28 % indicated using a 
microbiological test. The group of survey participants with a specialization 
reported more frequent use of national statements/guidelines compared to 
dentists without a specialization (90 % vs. 77 %).

Discussion: According to the results, the majority of dentists participating in 
the survey used systemic antibiotics in periodontal therapy in a prudent and 
indication-related manner. However, this should not be generalized, since the 
study design with its unclear response rate is not sufficiently representative.

Conclusion: The results suggest that the available recommendations from 
professional associations have largely been implemented.
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1. Background
Scientific statements and guidelines 
are the foundation on which dentists 
can make decisions for a particular 
patient that is based on current 
knowledge. This does assume, how-
ever, that the relevant publications 
are known to the practicing dentist, 
who carry the main load of dental 
care in Germany. Without doubt, the 
treatment of patients with advanced 
and complex periodontitis is a thera-
peutic challenge for the entire prac-
tice team. Even using the latest tech-
nology for mechanical subgingival 
biofilm removal, complete removal 
cannot be expected. Although it is 
not known precisely how much bio-
film has to be removed to achieve 
healthy periodontal conditions, vari-
ous adjunctive measures to improve 
the effectiveness are suggested. Along 
with antiseptics, these measures no-
tably include prescribing adjunctive 
systemic antibiotics. The extent of 
the additional clinical effect is, how-
ever, the subject of vigorous debate. 
While some authors described signifi-
cant clinical effects of systemic ad-
ministration of adjunctive antibiotics 
and thus question the necessity of 
further periodontal surgery measures 
[23], such a clear treatment effect 
could not be confirmed in the Ger-
man AB-PARO study [17]. In this ran-
domized multi-center study, 402 pa-
tients were prospectively examined 
using a parallel group design. All sub-
jects underwent mechanical biofilm 
treatment that was supplemented in 
the test group by additional adminis-
tration of oral antibiotics (500 mg 
amoxicillin and 400 mg metronida-
zole). According to the clinical re-
sults, the patients in the test group 
developed less attachment loss in the 
follow-up observation period com-
pared to the control group (test/con-
trol group: 5.3 %/7.8 % further at-
tachment loss). On the other hand, 
this revealed just how efficient me -
chanical periodontitis therapy ac-
tually is and that only a minor addi-
tive effect was achieved by adminis-
tering antibiotics. The clinical rel-
evance of antibiotic therapy depends 
on when the antibiotics were taken 
[18], the parameters recorded, and 
the severity of the periodontitis [17]. 
For the practice, this means that 

without an adequate treatment con-
cept adapted in each case to the par-
ticular patient’s situation, not only 
will the long-term success of therapy 
fail to materialize but statistically 
verifiable additional benefits of ad-
junctive antibiotics in periodontitis 
therapy will also be brought into 
question [27]. This means that par-
ticularly those patients with only 
moderate periodontitis would gain 
very little in the way of benefit from 
antibiotic therapy [21]. Likewise, ad-
verse drug reactions associated with 
the administration of antibiotics 
must also be viewed critically [29] be-
cause any additional benefits are con-
trasted with the potentially severe ad-
verse reactions to the antibiotics as 
well as the significant issue of the de-
velopment of antibiotic resistance. 
Many authors therefore recommend 
restricted handling of adjunctive sys-
temic antibiotics, reserving them for 
the most severe cases of rapidly pro-
gressive periodontitis [17, 21, 27]. 

Because of the controversies men-
tioned regarding the assessment of 
benefits and adverse reactions, an evi-
dence-based guideline (S3) [4] based 
on a systematic literature review with 
concrete instructions for the adminis-
tration of antibiotics as part of period-
ontitis therapy was initiated to deter-
mine the indications for and imple-
mentation of adjunctive systemic 
antibiotic administration. It does raise 
the question, however, of how deci-
sions regarding the systemic adminis-
tration of antibiotics as part of sys-
tematic periodontitis therapy are 
made in practice. Evaluating the deci-
sion-making process was the subject 
of this online survey.

2. Method
To determine the procedure used by 
German dentists when prescribing 
adjunctive systemic antibiotics as 
part of periodontitis therapy, 29 rel-
evant question items were developed 
in a dental focus group. Along with 
9 questions aimed at specifically de-
scribing the participant, 20 questions 
were asked to determine the prescri -
bing practices in the dental practice 
and to subsequently compare the re-
sponses with the evidence confirmed 
in studies on the benefits of systemic 
adjunctive administration of anti-

biotics after mechanical biofilm re-
moval. These specific technical ques-
tions were classified by indication re-
garding the type and severity of the 
periodontitis, the presence of comor-
bidities, the point of antibiotic pre-
scription, and the specific choice of 
antibiotic. The design of the ques-
tions was based on the recommen-
dations made in the Kiel treatment 
concept [26], which is characterized 
by restrictive use of adjunctive anti-
biotic prescriptions and is com-
parable to the Göteburg concept [28]. 
Both concepts assume that ultimately 
only a few patients would benefit sig-
nificantly from adjunctive antimicro-
bial measures whereas the primary 
therapy is infection control and 
non-/surgical root instrumentation. 
Furthermore, the current findings 
from the ABPARO study [17] and 
other studies on the adjunctive use of 
antibiotics in non-surgical periodon -
titis therapy [27] as well as the state-
ment by the DGZMK from 2003, 
which was still available at the time 
of the survey [7], were incorporated 
into the preparation of the questions. 

All the questions were converted 
to an anonymous online survey using 
a web-based software (Unipark, Quest-
Back GmbH). After a positive vote on 
the research project by the ethics 
committee of the Faculty of Medicine 
of the Christian Albrechts University 
in Kiel (ref.: 452/18), the first version 
of the online survey was validated by 
28 practicing dentists from various 
federals states of Germany and ana-
lyzed using the test/retest method for 
its reliability. According to the results 
of this pretest and the comments 
made by the participants, the survey 
was modified slightly in terms of its 
content and formulation. The final 
version included inclusion and exclu-
sion criteria used at the start of the 
survey to ensure that only dentists 
who are employed in a dental practice 
and treat patients with periodontitis 
participated in the survey. The first 
7 questions related to specific personal 
parameters relating to age group, sex, 
German federa state, location of the 
practice, specialization, university 
education, and the use of guidelines. 
These were followed by 20 specific 
technical questions. The online survey 
was advertised throughout Germany 
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using various advertisements and brief 
notifications in cross-regional dental 
journals, newsletters from state dental 
regulatory bodies and professional as-
sociations, lectures and email distribu-
tion lists from state dental regulatory 
bodies over 5 months between May 
28 and October 31, 2018.

The calls for participants and the 
introductory text for the survey 
briefly explained the research project 
and assured anonymous partici-
pation. No financial incentives or 
gifts were offered for participating in 
the survey.

The collected data were automat -
ically saved in the software-specific 
database (Unipark, QuestBack GmbH, 
Berlin, Germany) and exported for 
further data organization as an SPSS 
dataset (SPSS Statistics 18, IBM, Chi-
cago, USA). A plausibility check of 
the data was followed by a descrip-
tive analysis in which each question 
was considered separately along with 
question-related contingency ana-
lyses (Pearson’s chi-squared test, 
Cramer’s V). The level of significance 
was defined as p = 0.05.

3. Results

3.1. Population data
The first page of the online survey 
with the introductory text and a brief 
explanation of the research project 
was accessed by 5745 interested per-
sons. Because it was not compulsory 
to answer every question, the 
number of responses obtained for 

each question varied across all ques-
tions between 512 and 397. The so-
ciodemographic and professional 
characteristics of the survey partici-
pants are described in Table 1.

3.2 Specific technical questions
The analyses of the specific technical 
questions on the indication and pro-
cedure for periodontitis treatment are 
shown in Tables 2 and 3. According 
to the information from the online 
survey, antibiotics were most com-
monly prescribed in periodontitis 
treatment for patients with acute 
periodontal abscesses with a tenden-
cy to spread to adjacent regions, pro-
nounced general symptoms such as 
fever and/or pronounced general 
symptoms (75 %), necrotizing ulcer -
ative gingivitis or periodontitis with 
pronounced general symptoms such 
as fever and/or pronounced lymph -
adenopathy (56 %), and rapidly pro-
gressive (aggressive) periodontitis 
(34 %). A microbiological test was 
used by 28 % of the survey partici-
pants to select the antibiotic. Fifty-
eight percent of the survey respon-
dents already start the antibiotic ther-
apy before carrying out the root sur-
face instrumentation.

3.3 Choice of antibiotic
In the ranking of adjunctive use 
(multiple answers possible) the anti-
biotic amoxicillin took first place. It 
was listed by 60 % of the respondents 
as the preferred antibiotic. It was fol-
lowed by the combination of amox-

icillin and metronidazole, which was 
cited by 48 % of respondents as their 
first choice. Metronidazole (22 %), 
clindamycin (19 %), doxycycline 
(5 %), and ciprofloxacin (2 %) fol-
lowed. Tetracycline was not named 
by any of those surveyed as the anti-
biotic of first choice (see Fig. 1).

In the ranking of the sources of 
information, most participants 
(65 %) indicated that they use anti-
biotics in periodontitis therapy on 
the basis of scientific statements, 
national guidelines, or directives (Fig. 
2). A dentist’s own experience (35 %), 
the results of clinical trials (24 %), 
systematic reviews (metaanalyses) 
(19 %), and narrative reviews (6 %) 
were cited considerably less often as 
primary sources of information.

3.4 Relationship between  
indication/therapeutic  
procedure and clinicians 
with specific characteristics

The contingency analyses using Pear-
son’s chisquared test and subsequent 
Cramer’s V test yielded a highly sig-
nificant association with weak mani-
festation between the group of survey 
respondents specializing in an area of 
dentistry (all specialisms consoli-
dated) and the behavior relating to 
the use of national statements/guide-
lines for therapy (planning) 
(χ2 (1) = 10.69, p < 0.001 and 
Cramer’s V = 0.156, p = 0.001).

The analysis of associations be-
tween one or no specialization and 
the specific technical questions about 

Figure 1 Ranking of the adjunctive use of systemic antibiotics in periodontitis therapy (the participants arranged the possible options 
according to their frequency of use).
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behavior regarding the use of anti-
biotics by the survey respondents 
yielded a significant result in the fol-
lowing cases.
• Clinicians who indicated having 

one specialization tended to use 
supportive antibiotic therapy more 
often/always in patients with 
rapidly progressive (aggressive) 
periodontitis (χ2 (1) = 6.77, 
p = 0.009 and Cramer’s V = 0.122, 
p = 0.009)

• Clinicians who indicated not hav-
ing any specialization tended to 
use supportive antibiotic therapy 
more often/always in patients with 
acute periodontal abscesses with a 
tendency to spread to adjacent re-
gions (χ2 (1) = 4.71, p = 0.03 and 
Cramer’s V = 0.106, p = 0.03) but 
never/rarely for patients with 
multiple teeth with probing pocket 
depths > 6 mm (χ2 (1) = 3.99, 
p = 0.046 and Cramer’s V = 0.099, 
p = 0.046). Likewise, they tended 
to never/rarely use a microbiologi-
cal test (χ2 [1] = 4.44, p = 0.035 and 
Cramer’s V = 0.105, p = 0.035).

A general analysis of the associations 
between the use or not of statements/
guidelines and the specific technical 
questions about behavior regarding 
the use of antibiotics by the survey 
respondents yielded a significant re-
sult in the following cases:
• There is a significant association 

with weak manifestation between 
the use of guidelines/statements 
and the application of supportive 
antibiotic therapy in patients with 
therapy-resistant periodontitis 
(χ2 [1] = 4.52, p = 0.03 and 
Cramer’s V = 0.101, p = 0.03). 
Clinicians who used statements/
guidelines tended to use antibiotic 
therapy more often/always.

• There is a significant association 
with weak manifestation between 
the use of guidelines/statements 
and the application of supportive 
antibiotic therapy in patients with 
periodontitis and diabetes mellitus 
(χ2 [1] = 5.01, p = 0.02 and 
Cramer’s V = 0.110, p = 0.02). 
Clinicians who used statements/
guidelines tended to use antibiotic 
therapy less often/never.

• There is a significant association 
with weak manifestation between 
the use of guidelines/statements 
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Sociodemographic and professional  
characteristics

Do you work in a dental practice?

Do you carry out periodontitis treatments in your practice /  
for your patients? 

How old are you?

Please indicate your sex:

In which urban environment do you work? 

Yes

No

Yes

No

< 40 years

40–50 years

51–68 years

> 68 years

Female

Male

Baden-Württemberg

Bavaria

Berlin

Brandenburg

Bremen

Hamburg

Hesse

Mecklenburg-Western Pomerania

Lower Saxony

North Rhine-Westphalia

Rhineland-Palatinate

Saarland

Saxony

Number  
(proportion as %)

496 (97 %)

16 (3 %)

500 (98 %)

12 (2 %)

190 (40 %)

95 (20 %)

185 (39 %)

5 (1 %)

217 (46 %)

257 (54 %)

40 (8.4%)

63 (13.2%)

10 (2.1%)

6 (1.3%)

2 (0.4%)

32 (6.7%)

21 (4.4%)

20 (4.2%)

16 (3.4%)

47 (9.9%)

9 (1.9%)

2 (0.4%)

11 (2.3%)
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and the application of supportive 
antibiotic therapy in patients with 
periodontitis who smoke or con-
sume nicotine/drugs in another 
form (χ2 [1] = 6.32, p = 0.01 and 
Cramer’s V = 0.124, p = 0.01). 
Clinicians who used statements/
guidelines tended to use antibiotic 
therapy less often/never.

• There is a significant association 
with weak manifestation between 
the use of guidelines/statements 
and carrying out full-mouth scal-
ing (FMS) (χ2 [1] = 6.05, p = 0.014 
and Cramer’s V = 0.123, p = 0.01). 
Clinicians who used statements/
guidelines tended to carry out root 
surface instrumentation in the 
form of FMS more often/always.

• There is a significant association 
with weak manifestation between 
the use of guidelines/statements 
and the use of a microbiological 
analysis of the subgingival plaque 
(“microbiological test”) 
(χ2 [1] = 5.16, p = 0.02 and 
Cramer’s V = 0.113, p = 0.02). Re-
spondents who indicated that they 
use national statements or guide-
lines used a “microbiological test” 
less often or never.

4. Discussion
The results of this study show clearly 
that most of the responding dentists, 
who tend to belong to urban service 
areas, despite having a balanced age 
structure and practices located across 

all German federal states (with a 
focus on northern Germany), take a 
cautious and indication-focused ap-
proach to the use of adjunctive sys-
temic antibiotics in periodontitis 
therapy. However, or precisely be-
cause of this, the results should not 
be generalized because the study de-
sign with its unclear responder rate 
means that a representative partici-
pant group cannot be assumed. It is 
also apparent that respondents who 
indicated having a specialization 
tended to use national statements 
and guidelines in their therapy (plan-
ning). It was also observed that all 
the options used to design the ques-
tions in this survey do not make any 
claim in terms of completeness or in 
any event, the questions reflect the 
opinion of the authors. It must be 
emphasized in particular that the 
scientific statement from 2003 [7] 
was available on various portals at 
the time of the survey but had never 
been updated since its publication. 
An S3 guideline on the adjunctive ap-
plication of systemic antibiotics in 
periodontitis therapy only appeared 
at the end of 2018 after the survey 
period for this study had closed [4]. 
Unlike the guidelines that are now is-
sued, there was no obligation for pre-
viously established scientific state-
ments to be updated at least every 
5 years. 

4.1 Periodontitis and adjunc-
tive systemic antibiotics  
administration – theory 
and practice

Based on the current understanding 
of periodontal pathogenesis as a 
manifestation of a proinflammatory 
bacterial dysbiosis in the oral biofilm, 
the indication for adjunctive sys-
temic antibiotics in periodontitis 
therapy is rather restricted. Effective-
ness against Gram-negative bacteria 
is only assumed if the protective bio-
film has first been mechanically de-
stroyed. This explains one of the 
requirements of the current guide-
lines on adjunctive use of systemic 
antibiotics in periodontitis therapy 
[4] that the quantity of bacteria on 
the teeth must be reduced by regular 
professional and at-home cleaning. 
Nevertheless, to increase the effec-
tiveness of this mechanical therapy, 
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Do you have one of the following specializations/fields?
(If several, please select only those most relevant to your current employment.)

Do you regularly use national statements and guidelines for  
your therapy (planning)? 

Table 1 Sociodemographic and professional characteristics of survey participants

Saxony-Anhalt

Schleswig-Holstein

Thuringia

None

Endodontics

Orthodontics

Pediatric dentistry

Oral and maxillofacial surgery

Oral surgery

Public health

Periodontology

Prosthetics

Yes

No

8 (1.7%)

183 (38.4%)

7 (1.6%)

339 (71.2%)

28 (5.9%)

2 (0.4%)

9 (1.9%)

1 (0.2%)

21 (4.4%)

0 (0%)

63 (13.2%)

13 (2.7%)

382 (81 %)

89 (19 %)
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Specific technical questions about the indication 

I use supportive antibiotic therapy in  
periodontitis treatment in my practice /  
for my patients:

… with rapidly progressive (aggressive)  
periodontitis

… with severe, slowly progressive (chronic) 
periodontitis

… with therapy-resistant periodontitis  
(recurrent or progressive attachment loss  
despite previously adequate treatment)

… with submucosal, acute periodontal ab-
scesses with no tendency to spread or pro-
nounced general symptoms such as fever

… with moderate to severe periodontitis  
associated with systemic diseases or condi-
tions that impair the function of the im-
mune system

… with periodontitis who are older than  
60 years

… with necrotizing ulcerative gingivitis or  
periodontitis with pronounced general 
symptoms such as fever and/or pronounced 
lymphadenopathy

… with acute periodontal abscesses with a  
tendency to spread to adjacent regions, 
with pronounced general symptoms such as 
fever and/or pronounced lymphadenopathy

… with plaque-associated gingivitis  
(systematically healthy)

… with mild or moderate periodontitis  
(systematically healthy)

… with periodontitis who are younger than  
35 years and have deep periodontal pockets

… with periodontitis in which pus is found  
in the gingival pockets

… with periodontitis and diabetes mellitus

… with periodontitis who smoke or con-
sume nicotine/drugs in another form

… with multiple teeth with probing pocket 
depths > 6 mm

Table 2 Descriptive evaluation of the subject-specific questions concerning the indication

Number (proportion as %) 

Never

18
(4%)

82
(18%)

38
(8%)

163
(37%)

25
(6%)

148
(34%)

13
(3%)

4
(1%)

398
(94%)

322
(77%)

85
(20%)

72
(17%)

86
(21%)

187
(45%)

77
(19%)

Rarely

114  
(25%)

245
(54%)

152
(34%)

156
(36%)

143
(33%)

243
(57%)

45
(11%)

19
(5%)

17
(4%)

78
(18%)

197
(47%)

229
(55%)

239
(58%)

187
(45%)

232
(56%)

Often

171
(37%)

103
(22%)

187
(41%)

76
(17%)

180
(42%)

29
(7%)

129
(30%)

80
(19%)

5
(1%)

12
(3%)

104
(25%)

90
(22%)

71
(17%)

32
(8%)

74
(18%)

Always

158
(34%)

103
(6%)

75
(17%)

46
(10%)

82
(19%)

10
(2%)

236
(56%)

318
(75%)

2
(1%)

7
(2%)

31
(8%)

26
(6%)

19
(4%)

10
(2%)

30
(7%)



228

© Deutscher Ärzteverlag | DZZ International | Deutsche Zahnärztliche Zeitschrift International | 2019; 1 (6)

adjunctive administration of sys-
temic antibiotics is established for 
deep gingival pockets and rapidly 
progressive forms of periodontitis. 
Their effectiveness is, however, con-
siderably increased if they are taken 
after mechanical biofilm removal and 
microorganisms penetrating the sur-
rounding soft tissues are to be treated 
[11, 18]. The practical implemen-
tation of this knowledge was the sub-
ject of this study. Interestingly, 58 % 
of the survey respondents used an 
antibiotic as an adjunct before the ac-
tual mechanical biofilm dis-
integration and not after. This ap-
proach is possibly analogous to that 
described in the recommendations 
for endocarditis prophylaxis [13] or 
even pre-operative administration as 
part of oral implantation procedures 
or measures [2]. Although this is not 
explicitly described, it can be as-
sumed that during the mechanical 
biofilm removal an adequate level of 
active substance is already present in 
the target tissues. For the current 
issue within periodontology, it must 
therefore be emphasized that the 
antibiotic must be administered 
shortly before or after mechanical 
disintegration of the biofilm in order 
to achieve an adjunctive effect. What 
is critical is the concentration of the 
active substance in the periodon -
tium. Studies conducted by Sedlacek 
and Walker [30] also showed that bio-
film-mediated antibiotic resistance 
can rise dramatically again just 24 h 
after initial bacterial colonization of 

surfaces and therefore temporal prox -
imity to subgingival instrumentation 
is essential [18]. On the other hand, 
however, there is a significant, albeit 
weak, association between those re-
spondents who indicated that they 
regularly use national statements and 
guidelines and those who tend to 
carry out fullmouth scaling (FMS), 
that is, mechanical treatment of all 
exposed root surfaces, within 24 h. 
This should assure the temporal 
prox imity between the antibiotics ad-
ministration and the mechanical de -
struction of the biofilm. The system-
atic analysis of all available data did 
not reveal any evidence of a signifi-
cant difference between a quadrant-
based procedure and FMS [14]. In the 
practice, therefore, both the patient’s 
desires as well as the logistics of mak-
ing appointments can also be con-
sidered when choosing the pro-
cedure.

4.2 Periodontitis and adjunc-
tive systemic antibiotics  
administration – when?

It is undisputed that for determining 
the indication and selecting an anti-
biotic certain clinical and microbi-
ological aspects should be noted but 
in particular the benefits and draw-
backs of antibiotic therapy for the pa-
tient must be weighed up [21]. Al-
though most studies showed that the 
adjunctive administration of sys-
temic antibiotics achieved a signifi-
cant reduction in the probing pocket 
depths compared to mechanical peri-

odontitis therapy alone, the clinical 
relevance of this slight difference is 
nevertheless questionable [27]. In 
particular, for only mild to moder-
ately periodontitis the relevance is 
considered highly controversial in 
light of the adverse reactions associ-
ated with systemic antibiotic therapy 
and the development of bacterial re-
sistance [31, 32]. Clinically, the ex-
tent of this additional change is 
highly dependent on the age of the 
patient and the severity of the char-
acteristics of the disease [17]. These 
aspects were not adequately discussed 
in the statement available at the time 
of this survey [7] but encouragingly 
the prescribing practices largely cor-
respond to the current state of 
knowledge according to the results 
presented here. Only a small percen-
tage of the respondents (2 %) regu-
larly prescribed adjunctive antibiotics 
in patients over 60 years of age, 
whereas 8 % of all respondents indi-
cated that they prescribe antibiotics 
for periodontitis patients younger 
than 35 years with deep gingival 
pockets (≥ 5 mm). The latter cor-
responds explicitly to the current 
guideline-compliant procedure [4]. 
This implies that particularly younger 
patients under 35 years and with ag-
gressive periodontitis [1], that is, 
based on a recent classification of 
periodontal diseases rather with 
moderate to rapid progression (grade 
B–C) [25], and patients younger than 
56 years who have a probing pocket 
depth of ≥ 5 mm at more than 35 % 

Figure 2 Ranking of the information sources used for the adjunctive use of antibiotics in periodontal therapy (the participants  
arranged the possible options according to their frequency of use).
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of all measured sites would benefit 
from adjunctive antibiotic adminis-
tration after subgingival instrumen-
tation. In contrast, there was no evi-
dence of additional benefits for pa-
tients who are older than 56 years 
and/or have a smaller proportion of 
periodontal lesions, for which reason 
treatment should be primarily with-
out adjunctive antibiotics. 

The studies relating to specific in-
dications in patients with diabetes or 
who smoke is described as inad-
equate or too heterogeneous to en-
able a specific recommendation for 
adjunctive antibiotic use [27]. En-
couragingly, this fact is again re-
flected in the current results on pre-
scribing practices. Those clinicians 
who used guidelines/statements 
tended to prescribe adjunctive anti-
biotic therapy less often/never for pa-
tients who smoke or have diabetes 
(p = 0.02). 

4.3 Periodontitis and micro -
biological diagnostics  
before adjunctive systemic 
antibiotic administration – 
necessary or not? 

Survey respondents who did not in-
dicate having any specialization as 
well as those who indicated that they 

base their treatments on national 
statements/guidelines never or rarely 
carried out microbiological diag-
nostics. They thus acted counter to 
the national scientific statement 
from 2003 [7] available at the time of 
the survey, which endorsed microbi-
ological testing. However, this state-
ment had also never been updated 
and would not be considered valid 
according to current criteria. Over 
the past few years in all continuing 
education programs the current state 
of knowledge and the resulting 
changes to the diagnostic procedure 
have been rigorously discussed, 
meaning it can be assumed that this 
professional group is generally closely 
involved in the development of the 
discipline. The point must be made 
here, however, that those persons in-
terested in this issue participated in 
the survey, which will certainly have 
influenced the results and therefore 
the representativeness of the study, 
an issue that will be addressed in the 
final section. 

The aim of the microbiological 
analysis should be to select anti-
biotics specifically in accordance 
with the complex of periodontal pa-
thogens present [8]. Even though in 
comparison to other odontogenic in-

fections specific microorganisms may 
be more commonly associated with 
periodontitis [12], only a fraction of 
these are detected using a commer-
cial microbiological test. The patho-
logical relevance of other bacteria 
that cannot be identified using these 
tests has not yet been clarified. The 
therapeutic benefits of a commercial 
microbiological analysis as part of 
systematic periodontitis therapy has 
thus increasingly been questioned 
over the last 10 years or so and ad-
junctive antibiotic treatment is no 
longer considered useful for the indi-
cation [10, 24]. Based on our current 
understanding, the decision for the 
indication should be made based on 
the clinical symptoms. A specific 
microbiological diagnostic can, how-
ever, be recommended in case of 
complications of odontogenic infec-
tions with a tendency to spread after 
previous therapy with aminopenicil-
lin as the treatment of choice [3], 
which does not involve a primarily 
periodontological indication. 

4.4 Periodontitis and adjunc-
tive systemic antibiotic ad-
ministration – which one?

According to a study by Hussein et al. 
[19] that was based on pseudonym-

GRAETZ, CONRAD, DÖRFER ET AL.: 
Administration of systemic adjunctive antibiotics in periodontology – a nationwide online survey

Specific technical questions about the procedure

I carry out root surface treatment using fullmouth 
scaling (FMS):

When selecting an antibiotic for periodontitis treat-
ment, I use a microbiological analysis of the subgin-
gival plaque (“microbial test”):

I use supportive antibiotic therapy in periodontitis 
treatment in my practice / for my patients:

– immediately before the root surface instrumentation

– upon completion of the root surface instrumentation

Table 3 Descriptive evaluation of the subject-specific questions regarding the procedure for the treatment of periodontitis 

Number (proportion as %)

Never

30
(8 %)

111
(27 %)

Number (proportion as %) 

229 (58 %)

168 (42 %)

Rarely

74
(18 %)

115
(28 %)

Often

107
(26 %)

68
(17 %)

Always

195
(48 %)

112
(28 %)
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4.6 Implementation of scien-
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Evidence-based medicine has increas-
ingly gained importance in recent 
years in the discussion of the quality 
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According to the current survey, 
about 81 % of the participants en-
couragingly made regular use of 
national statements and guidelines 

for therapy (planning). This propor-
tion appears relatively high in light 
of the previous remarks. For this rea-
son, it will be interesting to observe 
how quickly the new information in 
the guideline published after the sur-
vey for the indication regarding the 
use of microbiological diagnostics 
and adjunctive systemic antibiotic 
therapy and its choice as part of peri-
odontitis therapy are implemented in 
practice.

Conflict of interest:
The authors state that they have no 
conflict of interest as defined by the 
guidelines of the International Com-
mittee of Medical Journal Editors.

GRAETZ, CONRAD, DÖRFER ET AL.: 
Administration of systemic adjunctive antibiotics in periodontology – a nationwide online survey



231

© Deutscher Ärzteverlag | DZZ International | Deutsche Zahnärztliche Zeitschrift International | 2019; 1 (6) 

of periodontitis – a proposed strategy. J 
Periodontol 2004; 75: 169–175

9. Bethlehem J: Selection Bias in Web 
Surveys. International Statistical Review 
2010; 78: 161–188

10. Cionca N, Giannopoulou C, Ugolotti 
G, Mombelli A: Microbiologic testing and 
outcomes of full-mouth scaling and root 
planing with or without amoxicillin/ -
metronidazole in chronic periodontitis.  
J Periodontol 2010; 81: 15–23

11. Darveau RP, Tanner A, Page RC: The 
microbial challenge in periodontitis. Peri-
odontol 2000 1997; 14: 12–32

12. Dewhirst FE, Chen T, Izard J et al.: 
The human oral microbiome. J Bacteriol 
2010; 192: 5002–5017

13. DGK: Positionspapier: Prophylaxe der 
infektiösen Endokarditis., 1 edn. Kardio-
loge 2007; 4: 243–250: Deutsche Ge-
sellschaft für Kardiologie – Herz- und 
Kreislaufforschung

14. Eberhard J, Jepsen S, Jervoe-Storm 
PM, Needleman I, Worthington HV: Full-
mouth treatment modalities (within 24 
hours) for chronic periodontitis in adults. 
Cochrane Database Syst Rev 2015; 
CD004622

15. Gonzalez-Martinez R, Cortell-Ballester 
I, Herraez-Vilas JM, Arnau-de Bolos JM, 
Gay-Escoda C: Antibiotic prescription in 
the treatment of odontogenic infection 
by health professionals: a factor to con-
sensus. Med Oral Patol Oral Cir Bucal 
2012; 17: e452–e456

16. Halling F: Update der zahnärztlichen 
Pharmakologie. KZV aktuell 2018; 5: 
8–21

17. Harks I, Koch R, Eickholz P et al.: Is 
progression of periodontitis relevantly in-
fluenced by systemic antibiotics? A clini-
cal randomized trial. J Clin Periodontol 
2015; 42: 832–842

18. Herrera D, Alonso B, Leon R, Roldan 
S, Sanz M: Antimicrobial therapy in peri-
odontitis: the use of systemic antimicro-
bials against the subgingival biofilm.  
J Clin Periodontol 2008; 35: 45–66

19. Hussein RJ, Krohn R, Wilms J: System-
ische adjuvante Antibiotikagabe bei Wur-
zelkanalbehandlungen, Zahnextraktionen 
und Notfallleistungen. Dtsch Zahnärztl Z 
2018; 73: 22–28

20. Initiative D21 eV: Digital-Index 2016. 
Jährliches Lagebild zur Digitalen Gesell -
schaft, zuletzt geprüft am 03.01.2018

21. Jepsen K, Jepsen S: Antibiotics/anti-
microbials: systemic and local adminis-
tration in the therapy of mild to moder-
ately advanced periodontitis. Periodontol 
2000 2016; 71: 82–112

22. Lafuente-Lafuente C, Leitao C, Kilani I 
et al.: Knowledge and use of evidence-
based medicine in daily practice by 
health professionals: a cross-sectional sur-
vey. BMJ Open 2019; 9: e025224

23. Mombelli A, Cionca N, Almaghlouth 
A: Does adjunctive antimicrobial therapy 
reduce the perceived need for periodon -
tal surgery? Periodontol 2000 2011; 55: 
205–216

24. Mombelli A, Cionca N, Almaghlouth 
A, Decaillet F, Courvoisier DS, Gianno-
poulou C: Are there specific benefits of 
amoxicillin plus metronidazole in Aggre-
gatibacter actinomycetemcomitans-as-
sociated periodontitis? Double-masked, 
randomized clinical trial of efficacy and 
safety. J Periodontol 2013; 84: 715–724

25. Papapanou PN, Sanz M, Buduneli N 
et al.; Periodontitis: Consensus report of 
workgroup 2 of the 2017 World Work-
shop on the Classification of Periodontal 
and Peri-Implant Diseases and Con-
ditions. J Clin Periodontol 2018; 45 
(Suppl 20): S162–S170

26. Plagmann HC: Medikamentöse und 
antimikrobielle Behandlung der Gingivitis 
und Parodontitis. In: Plagmann HC 
(Hrsg): Lehrbuch der Parodontologie. 
Hanser, München, Wien 1998, 580–603

27. Pretzl B, Saelzer S, Ehmke B et al.: 
Administration of systemic antibiotics 
during non-surgical periodontal ther-
apy – a consensus report. Clin Oral 
 Investig 2019; 23: 3073–3085

28. Schaller D: Adjuvante systemische 
Antibiotika in der Parodontitistherapie. 
Das Konzept Göteborg. Parodontologie 
2016; 27: 141–148

29. Schumacher C, Nagaba J, Schindler 
C: Die Arzneimittelkommsion Zahnärzte 
informiert: UAW-Meldungen zu Clin-
damycin wieder zunehmend. ZM 2019; 
109: 36–43

30. Sedlacek MJ, Walker C: Antibiotic re-
sistance in an in vitro subgingival biofilm 
model. Oral Microbiol Immunol 2007; 
22: 333–339

31. Sgolastra F, Petrucci A, Gatto R, Mon-
aco A: Effectiveness of systemic amoxicil-
lin/metronidazole as an adjunctive ther-
apy to full-mouth scaling and root plan-
ing in the treatment of aggressive peri -
odontitis: a systematic review and meta-
analysis. J Periodontol 2012; 83: 731–743

32. Smiley CJ, Tracy SL, Abt E et al.: Sys-
tematic review and meta-analysis on the 
nonsurgical treatment of chronic peri -
odontitis by means of scaling and root 
planing with or without adjuncts. J Am 
Dent Assoc 2015; 146: 508–524.e5

GRAETZ, CONRAD, DÖRFER ET AL.: 

Administration of systemic adjunctive antibiotics in periodontology – a nationwide online survey

PD DR. CHRISTIAN GRAETZ
Clinic for Conservative Dentistry and 
Periodontology at the Schleswig-Hol-
stein University Hospital, Kiel Campus

Arnold-Heller Str. 3 (Haus B), 
24105 Kiel

graetz@konspar.uni-kiel.de 

(P
ho

to
: p

riv
at

e)



232

© Deutscher Ärzteverlag | DZZ International | Deutsche Zahnärztliche Zeitschrift International | 2019; 1 (6)

Update of the S2k guideline

Surgical removal of 
wisdom teeth

Department of Oral and Maxillofacial Surgery, University Hospital Knappschaftskrankenhaus Bochum: Prof. Dr. Dr. Martin Kunkel
Translation: mt-g medical translation GmbH & Co. KG
Citation: Kunkel M: Surgical removal of wisdom teeth. Dtsch Zahnärztl Z Int 2019; 1: 232–237
DOI.org/10.3238/dzz-int.2019.0232–0237

The revision of the guideline was pre-
viously added to the list of priority 
topics by the quality task force, con-
sisting of representatives from the 
DGZMK, KZBV and BZÄK. Findings 
from the literature from 2012 to June 
2017, the results of an interdisciplin-
ary consensus conference of the vari-
ous associations (see box on page 
235) in Bochum on December 13, 
2017, and additional contributions 
from a Delphi procedure from Feb-
ruary 2018 to April 2019 have been 
included. The guideline updates the 
status of the recommendations in the 
following specific areas:
• Indications for removing wisdom 

teeth and for leaving them in situ
• Significance of CB-CT diagnostics
• Significance of perioperative anti-

biotic prophylaxis
• Significance of piezosurgery
• Significance of coronectomy
• Selecting the time for extracting 

the tooth 
As in the previous version, the prin-
ciples for selection of the recommen-
dations are explained in background 
text, which is included in the long 
version of the guideline. The text is 
reproduced here for information.

Indications for extraction 
and preserving teeth 
The second update still retains basi-
cally unchanged the core statement 
of the guideline, particularly with ref-
erence to (dental) medical indi-

cations, possible indications and con-
traindications with reference to the 
scientific literature of the period to 
June 2017. 

However, the structured consen-
sus of the expert group has made the 
following changes:
a) The „Exposure of pulp by caries“ 
has been deleted from the group of 
„Indications for removal of wisdom 
teeth“ and transferred to the „Pos -
sible indications for removal of wis-
dom teeth“. This has made it cor-
respond to the option of retaining 
the tooth by endodontic treatment as 
an alternative.
b) “Halitosis requiring treatment“ 
has been added to the possible indi-
cations if other treatments for reten-
tion of teeth were not successful.
c) Similar to the indications for re-
moval, the indications for leaving 
wisdom teeth are classified as indi-
cations and possible indications (see 
box on page 80).

Background: indications
Traditionally a distinction has been 
made between clinically or radiologi-
cally symptomless and symptomatic 
teeth in the indications for treat-
ment. While the removal of clinically 
or radiologically symptomatic teeth 
is generally approved in the litera-
ture, a general recommendation for 
the removal of clinically symptom-
less wisdom teeth cannot be justified 
based on scientific evidence.

However, following more recent 
investigations the strict division by 
clinical symptoms cannot be justified 
without further study. Regardless of 
the presence of a clinically detectable 
pericoronitis and radiologically con-
firmed pericoronal radiolucency, a 
relevant proportion of wisdom teeth 
(20 to 60 percent) show pathological 
changes [Baycul et al., 2005; Blakey et 
al., 2002; Simsek-Kaya et al., 2011; 
Yildirim et al., 2008], which may af-
fect the periodontal situation of the 
adjacent molars and may also have 
further effects [Blakey et al., 2010]. In 
addition, a high rate of distal caries 
must also be expected in adjacent 
12-year molars (in the range of 50 
percent) as a result of a close spatial 
relationship to the wisdom teeth 
[McArdle et al., 2016; Kang et al., 
2016]. As a result, a fundamental dis-
tinction between removal of wisdom 
teeth for prophylactic and thera-
peutic reasons does no longer appear 
to be justified. 

Longitudinal studies show that 
around 30 percent of wisdom teeth 
planned for removal at the age of 18 
tend to become a regular part of the 
dentition by the age of 30 [Kruger et 
al., 2001]. On the other hand, two 
developments in opposing directions 
show themselves with increasing age. 
While the frequency of inflammatory 
complications reaches a maximum in 
the age group between 18 and 
35 years and then decreases with age 

The second update of the S2k guideline „Surgical removal of wisdom teeth“ was 
completed in August 2019. It was originally one of the three pilot guidelines of 
the German Medical Association (BZÄK) and has now been revised in collabo -
ration with the German Society of Dentistry and Oral Medicine (DGZMK) and 
the German Association for Oral and Maxillofacial Surgery (DGMKG). 

RESEARCH GUIDELINE



233

© Deutscher Ärzteverlag | DZZ International | Deutsche Zahnärztliche Zeitschrift International | 2019; 1 (6) 

[Fernandes et al., 2009], simulta-
neously with increasing age compli-
cations with surgical extraction tend 
to increase [Chuang et al., 2007; 
Baensch et al., 2017]. 

The benefit of removing wisdom 
teeth to prevent a tertiary crowding 
of the anterior teeth in the mandible 
on conclusion of the orthodontic 
treatment has been a subject of con-
troversy for a longtime [Linquist & 
Thilander, 1982; Ades et al., 1990] 
and is still not fully clarified. A pro -
spective, randomized study did not 
show a significant influence on ter-
tiary crowding, but the length of the 
anterior dental arch was significantly 
reduced if the wisdom teeth were left 
in place [Harradine et al., 1998]. 
However, because more than 50 per-
cent of the patients in this study had 
premolars extracted beforehand, the 
results cannot be applied to patients 
with complete dentition. 

The primary influences on the 
likelihood of eruption of wisdom 
teeth are the retromolar space and 
premolar extraction [Artun et al., 
2005; Kim et al., 2003].

Longitudinal data from the „Vet-
erans Affairs Normative Aging Study“ 
show a relevant, unfavorable in-
fluence of impacted wisdom teeth on 
the prognosis of adjacent molars over 
a period of up to 25 years and in par-
ticular an unfavorable influence on 
the distal periodontal situation 
[Nunn et al., 2013]. The current 
Cochrane Review (CD003879: Sur-
gical removal versus retention for the 
management of asymptomatic dis-
ease-free impacted wisdom teeth) 
with reference to inadequate „evi-
dence“ according to the criteria of 
the Cochrane methodology refers to 
consulting with the patient to reach a 
decision subject to clinical experi-
ence.

Tooth resorption:
The evaluation of resorption at the 
distal radix of second molars is ex-
tremely uncertain due to the super-
imposition by impacted teeth in the 
conventional panoramic image. The 
increased use of DVT imaging means 
that resorptions on 12-year molars are 
likely to be detected more often and 
will have to be considered when de-
ciding whether to remove wisdom 

teeth. Epidemiological data on the fre-
quency are still not available, but pa-
tient series with a prevalence of 20 % 
with horizontal and mesioangular in-
clined third molars lead to the expec-
tation that the problem of external re-
sorption will have a more prominent 
place in deciding the treatment in fu-
ture [Oenning et al., 2014; Oenning et 
al., 2014; Wang et al., 2017]. For 
example, in the case of resorption at 
the distal root of the 12-year molar, it 
would be possible to remove or if ap-
plicable reposition the wisdom tooth 
by orthodontic treatment.

DVT diagnostics
In spite of the wide range of new 
publications on DVT diagnostics, 
there have been no relevant changes 
to the indications for three-dimen-
sional imaging. The guideline shows 
this in a statement and a recommen-
dation:

Statement.
Three-dimensional imaging before re-
moving a wisdom tooth is not 
required if conventional two-dimen-
sional imaging shows no indication 
of any specific risks.

Figure 1 Surgical site after uncovery of a wisdom tooth surrounded by pericoronal 
cysts
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Recommendation:
Three-dimensional imaging (such as 
DVT/CT) may be indicated if the con-
ventional two-dimensional imaging 
suggests an immediate spatial rela-
tionship to risk structures or patho-
logical changes and at the same time 
the dentist considers that additional 
spatial information may be required 
for the risk assessment of the patient, 
planning the procedure or also for 
orientation during the procedure.

Background:
Digital volume tomography (DVT) 
has become established as the three-
dimensional imaging methodology 
used for indications and treatment in 
dentistry, oral surgery and maxillofa-

cial surgery. The advantages of DVT 
diagnostics with reference to topo-
graphical information, resolution 
and dimensional accuracy have been 
described in great detail in recent 
years. The availability of DVT has 
placed the question of the necessity 
of 3D diagnostics before surgical 
extraction of wisdom teeth in a cen-
tral position. 

A number of studies has shown 
that DVT is suitable for showing spe-
cific morphological features, posi-
tional anomalies and in particular 
the lack of a boundary between al-
veolus and nerve canal and thus can 
be used to assess the risk of nerve da-
mage [Ghaeminia et al., 2009; 
Lübbers et al., 2011; Neugebauer et 
al., 2008; Suomalainen et al., 2010; 
Sursala and Dodson, 2007; Tant-
anapornkul et al., 2007]. The authors 
therefore derive the indication of 3D 
imaging before surgery from the fact 
that these features are clearly shown 
in the 3D images. There are also pre-
liminary indications that the surgical 
procedure may be changed in specific 
cases due to the inclusion of the DVT 
information [Ghaeminia et al., 2011]. 
Critical findings such as the resorp-
tion of 12-year molars by impacted 
wisdom teeth can also only be evalu-
ated by three-dimensional imaging 
[Oenning et al., 2015].

However, it has so far not been 
possible to demonstrate that the in-
creased information on the root mor-
phology and topography found with 
the 3D diagnostics has actually re-
sulted in changes to the surgical pro-
cedure and that this has resulted in a 
reduced rate of nerve damage. Due to 
the low frequency of such a result, 
confirmation of a reduction in the 
risk of nerve damage is practically 
impossible to obtain under the con-
ditions of a randomized study, be-
cause plausible assumptions for the 
study parameters would result in a 
sample size of more than 150,000 pa-
tients [Roeder et al., 2012]. In prac-
tice, an evaluation of the necessity is 
possible only with the use of sur-
rogate parameters, such as the display 
of risk indicators.

A prospective randomized study 
by Ghaeminia et al. contradicts this 
evaluation and reports of a sample 
size of 268 patients with 320 wisdom 
teeth [Ghaeminia et al., 2015]. How-
ever, the calculation of the sample 
size by this working group by im-
plausible assumptions of basic fre-
quencies of damage (12 percent) is 
not appropriate and is clearly faulty 
due to the actual frequency of nerve 
damage of 1.2 percent for the control 
group within the study population. 
In addition, the inclusion criteria for 

Figure 2a Course of the inferior alveolar nerve in the root region (sagittal reconstruction)

Figure 2b The frontal reconstruction 
shows the very unusual intraradicular 
course of the inferior alveolar nerve
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Figure 3 Tooth resorption
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the study (wisdom teeth with in-
creased risk of nerve damage based 
on the panoramic image (PSA)) 
contradict the evaluation by the sur-
geons, who assessed the extraction as 
difficult in only 20 percent of cases. 
The times required for the operation 
(DVT group: 11.1 min versus PSA 
group: 11.9 min) were virtually the 
same in both study groups. It is not 
clear that the information derived 
from the DVT has influenced the sur-
gical procedure.

The perioperative antibiotic 
prophylaxis
The recommendation for the peri-
operative antibiotic prophylaxis has 
been reduced from the clear endorse-
ment („should“) to an open recom-
mendation („may“). 

Recommendation:
Perioperative antibiotic prophylaxis 
may be applied during removal of a 
wisdom tooth.

Background:
The discussion of the benefits of a 
prophylactic antibiotic therapy has 
been part of every surgical specialty 
since the beginning of the antibiotic 
era. The benefits of prophylactic 
antibiotic therapy have been a sub-
ject of dispute for a long time in the 
field of removal of wisdom teeth. 
Overall, a majority of methodologi-
cally high quality, systematic re-
views confirm the benefits of pro-
phylactic antibiotic therapy for the 
reduction of alveolar osteitis and 
also a reduction in infections from 
wounds [Ren and Malmstrom, 2007; 
Lodi et al., 2012; Ramos et al., 2016; 
Marcussen et al., 2016], but not all 
reviews show a significant thera-
peutic effect [Isiordia-Espinoza et al., 
2015]. 

On the other hand, some au -
thors point to the problems of po-
tential resistance and changes in the 
microbiome even with short-term 
administration of antibiotics [Zaura 
et al., 2015; Aragon- Martinez et al., 
2016]. Against this background 
there are also reviews in which the 
authors do not advise prophylactic 
antibiotic therapy, in spite of signifi-
cant reductions in infectious com-
plications (even in their own meta-

analysis) [Lodi et al., 2012; Arteagoi-
tia et al., 2016]. Although the over-
all data situation confirms the bene-
fits of a prophylactic antibiotic ther-
apy and in the meantime a method -
ologically acceptable cohort study 
on the benefits of a prophylactic 
antibiotic therapy under practice 
conditions is now available [Lang et 
al., 2017], the endorsement and also 
the rejection of prophylactic anti-
biotic therapy can both be scientifi-
cally supported.

Piezosurgery
The scientific evidence for piezosur-
gery has significantly increased in the 
last five years, with the result that the 
significance of this method will con-
tinue to increase. However, the data 
on relevant clinical conclusions are 
not yet so unified that application of 

piezosurgery can be generally pro-
moted. 

Recommendation:
Piezo osteotomy can be used as an al-
ternative or supplement to conven-
tional osteotomy for removal of wis-
dom teeth where neighboring ana-
tomical structures are in danger.

Background:
Piezosurgical applications have been 
described in recent years as an alter-
native for numerous types of pro-
cedures in maxillofacial surgery and 
dental surgery, because due to the 
technical principle the danger to 
neighboring structures is likely to be 
reduced. In the case of wisdom tooth 
removal a number of prospective ran-
domized studies and also results from 
systematic reviews [Jiang et al., 2015; 

Indications and possible indications for removing wisdom teeth and for 
leaving them in situ

Indications for removing wisdom 
teeth 

One indication is present with:
– acute or chronic infections (dentitio 

difficilis)
– teeth destroyed by caries that cannot 

be restored or untreatable pulpitis
– in the case of patients with diffuse fa-

cial pain if there are indications that 
the wisdom tooth is a relevant cause 
of pain

–  untreatable periapical changes
– manifest pathological structures in 

connection with tooth follicles (such  
as cysts, tumors) or suspicion of such 
changes

– in connection with the treatment of/
and limitation of the progress of peri-
odontal diseases

–  teeth that interfere with orthodontic 
and/or reconstructive surgery

–  teeth in the fracture gap that interfere 
with treatment of a fracture

–  use of the tooth for transplantation

Possible indications for removing 
wisdom teeth 

One indication may be present:
– to simplify orthodontic tooth move-

ments and/or to simplify orthodontic 
retention or to secure a completed or-
thodontic treatment.

–  for prophylactic tooth extraction for 
higher-level reasons to improve quality 
of life (for example, poor availability of 
medical treatment, etc.)

–  with resorption at neighboring teeth
–  pulp exposed by caries

–  Teeth that interfere with a planned 
prosthetic restoration, for example ex-
pected due to a secondary eruption 
due to continuing atrophy of the al-
veolar ridge or due to pressure from 
removable dentures

–  if other measures are implemented 
under anesthesia and renewed anes-
thesia is required to remove a wisdom 
tooth

–  if the elongated/tilted wisdom tooth 
interferes with the dynamic occlusion 

–  if the wisdom tooth is the cause of 
halitosis that requires treatment and 
other measures for retention of teeth 
were not successful.

Indications for leaving wisdom 
teeth in place 

One indication for leaving wisdom 
teeth in place is present if: 
–  orthodontic treatment of the tooth is 

planned
– it is to be used for a prosthetic restoration 

One indication for leaving wisdom 
teeth in place may be present if:
–  a spontaneous regular setting of the 

wisdom teeth in the dental arch can 
be expected

–  with deep impacted and displaced 
teeth without clinically or radiologi-
cally confirmed findings of a high risk 
of surgical complications.

Source: DGMKG, DGZMK: S2k 
guideline for surgical removal of 
wisdom teeth, 2019.
AWMF register number: 007–003

RESEARCH GUIDELINE



236

© Deutscher Ärzteverlag | DZZ International | Deutsche Zahnärztliche Zeitschrift International | 2019; 1 (6)

Moraissi et al., 2016; Badenoch-Jones 
et al., 2016] are now available. How-
ever, the selection of studies and 
parts of the evaluation methodology 
of Al-Moraissi et al. have been criti-
cized in the literature [Badenoch-
Jones et al., 2016]. The meta-analyses 
have consistently shown significant 
advantages with pain reduction, oral 
opening, swelling, but also signifi-
cantly longer operation times com-
pared to conventional osteotomy 
techniques. Initial evaluations for 
„nerve damage“ as the clinical out-
come parameter [Badenoch-Jones et 
al., 2016] indicate that piezosurgery 
may also reduce the risk of nerve da-
mage.

Coronectomy
There have been no significant new 
insights into coronectomy over the 
period of this update. The scope of 
observations has certainly improved 
and post-operative observation peri-
ods over more than five years with 
low complications have been de-
scribed. However, data on the longer-
term effects over the life of patients 
are still not available, for example in 
the case of subsequent treatment 
with antiresorptives, immune sup-
pression, diabetes, dialysis, tumor 
therapy and much more. To this ex-
tent coronectomy remains an alter-
native treatment with narrow limits 
in the indications.

Recommendation:
As an alternative to complete tooth 
extraction a coronectomy can be 
conducted in the case of restricted 
space to the inferior alveolar nerve 
where there is a high risk of damage.

Background:
In recent years the method of selec-
tively removing the crown while 
leaving the root of the wisdom tooth 
has been revisited . This treatment 
concept is based on the fact that 
where the risk of injuring the inferior 
alveolar nerve is high, complete re-
moval of the root can be avoided and 
only the crown and the follicular tis-
sue of the wisdom tooth as a cause of 
pericoronitis are removed. In the 
meantime, some case series, a num -
ber of comparative cohort studies [Ci-
lasun et al., 2011; Hatano et al., 2009; 
O´Riordan, 2004; Pogrel et al., 2004] 
and also prospective randomized 
studies [Leung and Cheung, 2009; 
Renton et al., 2005] have been pub-
lished. These studies indicate that the 
risk of damage to the inferior alveolar 
nerve is reduced by the coronectomy. 
However, the long-term effects of 
leaving parts of the tooth, such as 
with reference to subsequent radio-
therapy or antiresorptive treatment 
or even therapeutic immunosuppres-
sion, have not yet been adequately 
studied. Only very minor secondary 
complications were observed over a 
post-surgical observation period of 
up to five years [Leung and Cheung, 
2016].

In additional to the classical 
 coro nectomy, modifications such as a 
planned two-stage removal after par-
tial removal of the tooth crown 
[Landi et al., 2010], after partial re-
moval of the bone [Tolstunov et al., 
2011] or supplemented by orthodon-
tic treatments [Wang et al., 2012] or 
Guided Bone Regeneration [Leung, 
2016] have been described. So far, 
only results from small patient co-
horts are available for the various 
modifications.

Preferred time for tooth  
removal
A recommendation for selecting the 
time for tooth removal has now been 
added. This recommendation is based 
primarily on the significantly in-

Figure 4 Variations of tooth morphology 
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creased perioperative morbidity/co-
morbidity and the poorer periodontal 
regeneration at neighboring 12-year 
molars in advanced age.

Recommendation:
If there is an indication for removal 
of the wisdom tooth or an indication 
is foreseeable and the time of tooth 
extraction can be planned, this wis-
dom tooth should be removed during 
the time of development of the root, 
preferably before the age of 25.

Background:
For the decision on the time of sur-
gical removal, in addition to the op-
tion of regular setting in the dental 
arch [Kruger et al., 2001] the primary 
focus for consideration is the stage of 
development of the tooth root and 
its current and anticipated relation-

ship to the inferior alveolar nerve, 
the danger of resorption at neighbor-
ing teeth [Wang et al., 2017], the age-
dependent local operational risk 
[Chuang et al., 2007; Baensch et al., 
2017] and the age-dependent peri -
odontal regeneration on the neigh-
boring 12-year molar [Kugelberg et 
al., 1991].

In addition to the long version of the 
guideline, a detailed guideline report 
is also available as a source of in-
formation. The documents can be 
downloaded from the web sites of the 
German Medical Association, the 
DGZMK and the AWMF. The next 
revision of the guideline is planned 
for 2024.
The literature list can be found at 
www.zm-online.de or www.online-
dzz.com.
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