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MINIREVIEW

Matthias G. Hautmann

Position paper: Does radiotherapy 
play a role in activated osteo arthritis 
of the temporomandibular joint?
Topic: Could radiotherapy be a treatment option for 
 symptomatic inflammatory and/or degenerative arthropathy   
of the temporomandibular joint?

Background
In addition to radiotherapy for ma-
lignant tumors, radiotherapy for 
non-malignant diseases also plays 
an important role in daily clinical 
practice and it is applied successfully 
[17, 24]. Although radiotherapy is 
used much more frequently to treat 
malignant diseases, several national 
patterns of care studies have shown 
the relevance of radiotherapy for 
treating non-malignant diseases. 
The last large national patterns of 
care study revealed that more than 
37,000 patients per year are irradiat -
ed for non-malignant diseases. In 
this case, only a small proportion 
are benign tumors. The majority of 
cases consist of degenerative and de-
generative-inflammatory diseases, 
followed by functional diseases and 
hyperproliferative diseases. Degener-
ative and degenerative-inflamma-
tory diseases alone account for more 
than 23,000 cases per year in Ger-
many [25]. Consequently, the inter-
esting question arises of whether 
 patients with degenerative or degen-
erative-inflammatory diseases of the 
TMJ can also benefit from radio -
therapy.

Among the degenerative and de-
generative-inflammatory diseases, 
plantar fasciitis (with or without ac-
companying heel spur), enthesiopathy, 
tendinitis, epicondylitis, and subacro-
mial syndrome play an important role 
[17, 24, 25]. In a large percentage, 
many of these diseases can be cured or 
at least significantly improved by 
means of radiotherapy. For example, in 
plantar fasciitis, radiotherapy is a stan-
dard therapy. The effect has been dem-
onstrated in numerous prospective, 
randomized studies [18, 24].

Radiotherapy for the treatment of 
osteoarthritis has been an established 
procedure for many years. The begin-
nings of radiotherapy in the treat-
ment of arthritic changes dates back 
to the 1920s [11, 15, 16, 28]. However, 
there is little data on radiotherapy for 
osteoarthritis or activated osteoarthri-
tis of the TMJ. Most existing data re-
lates to knee joint arthritis, hip arthri-
tis and finger polyarthritsis. In many 
heterogeneous collectives, TMJ os-
teoarthritis is lost in the “other” ar-
thritides. Only one older study reports 
TMJ osteoarthritis separately [2, 4, 11].

The current S2k-Guideline of the 
DEGRO (German Society for Radiation 

Oncology) provides a “should” recom-
mendation for gonarthritis and a 
“can” recommendation for other ar-
thritides. Thus, according to the guide-
line’s recommendations, there is also 
the possibility to employ irradiation in 
the treatment of osteo arthritis or de-
generative and/or inflammatory ar -
thropathies of the TMJ [16, 17, 20]. 
The author’s research group has been 
successfully treating patients with TMJ 
osteoarthritis using radiotherapy for 
several years. Most of these patients 
are included in a national multicenter 
observational study.

Principles of radiobiology
Many preclinical studies have shown 
that low-dose radiotherapy has an in-
flammation-modulating or anti-in-
flammatory effect via different mech-
anisms. For example, a reduction of 
chemotactic cytokines (e.g., CCL20) 
has been shown. Thus, fewer inflam-
matory cells are attracted [17, 22].

One of the most important stages 
in the inflammatory cascade is the 
adhesion of monocytes and granulo-
cytes to the endothelium and the mi-
gration of these immune cells into 
the inflamed tissue. One mode of ac-
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tion of low-dose radiotherapy is to at-
tenuate this adhesion process. Inter-
estingly, this effect is independent of 
the target irradiated (that is, whether 
the immune cells or the endothelial 
cells are irradiated) [17, 21, 24].

The release of anti-adhesive cyto-
kines also seems to be a starting point 
for the immunomodulatory or anti-
inflammatory effect of low-dose 
radiotherapy [17]. Apoptosis of in-
flammatory cells (especially granulo-
cytes and monocytes) likewise ap-
pears to play a role [6].

Another important target that is 
related to the analgesic and anti-in-
flammatory effects of low-dose radio-
therapy is the attenuation of nitric 
oxide synthase and thus nitric oxide 
production. Nitric oxides are an im-
portant carrier of the inflammatory 
response and are strongly involved in 
inflammatory pain [17, 21].

Similar to nitric oxide synthesis, 
the formation of reactive oxygen 
metabolites, important contributors 
to inflammation, is also reduced [17].

What is common to these anti-in-
flammatory mechanisms is that their 
maximum effect is in the range of low-
dose radiotherapy (doses between 0.3 
and 1.0 Gy). At higher radiation doses, 
there does not seem to be an increased 
anti-inflammatory effect, but rather, a 
weaker effect can be assumed [5, 21].

These mechanisms have now 
been relatively well-studied at the 
molecular level or in cell experiments. 
The effect has also been demonstrated 
in animal models. Moreover, there are 
also clinical studies demonstrating 
that these models are applicable to 
patients and that low-dose radiother-
apy has immunomodulatory or anti-
inflammatory effects in various dis-
ease conditions [3, 5, 7, 8, 27].

Principles of radiation 
physics
What radiotherapy of various degen-
erative and degenerative-inflamma-
tory diseases has in common is that 
low radiation doses are used, usually 
individual doses between 0.5 and 
1.0 Gy. Total doses of 3.0–6.0 Gy are 
usually applied. In most cases, irradi-
ation is not performed daily, but 
2–3 times a week [20, 21].

In contrast, in curative cases of 
malignant tumors, radiation doses of 
around 50 Gy are generally used in 
multimodal therapy approaches, and 
over 60 Gy in definitive radiotherapy.

Irradiation of non-malignant dis-
eases can be performed with a linear 
accelerator (using photon or electron 
radiation) or, in part, with an ortho-
voltage device. A linear accelerator 
should be used for irradiation of acti-
vated TMJ osteoarthritis. As part of 

the planning, 3D CT planning should 
be integrated – ideally MRI-guided – 
in order to protect surrounding tissue 
and organs at risk [2,21].

Current evidence on radio-
therapy for osteoarthritis
Since the 1920s, there have been a 
large number of publications showing 
the benefit of radiotherapy in pa-
tients with osteoarthritis. As of 2019, 
the author’s research group has ident-
ified a total of 50 publications with 
over 12,000 patients who have been 
evaluated [11, 15]. In recent years, 
however, there have been 2 random -
ized studies on knee osteoarthritis 
and finger polyarthrosis, each with a 
smaller number of patients, that 
failed to show a significant benefit 
[13, 14]. This is in contrast to the 
many other studies that point to a 
benefit for patients – all the more so 
because there are also several studies 
that have used objectifiable criteria to 
demonstrate responsiveness [8, 19]. 
In this regard, one assumption as to 
why these two randomized trials 
failed to show a significant benefit is 
that they probably included many pa-
tients with very advanced osteoarthri-
tis. It is likely that several different 
pain components play a role in os-
teoarthritis. In addition to pain that is 
purely degenerative, there is also an 
important inflammatory pain compo-
nent in activated osteoarthritis, re-
spectively inflammatory or degener-
ative-inflammatory arthro pa thy. It 
can be assumed that radiotherapy can 
help improve the inflammatory pain 
component, in particular, but its ef-
fect on the purely degenerative pain 
component is insufficient [8, 19, 
21, 27].

Clinical effect
Many studies have shown that the an-
algesic, respectively the anti-inflam-
matory, effect occurs with a certain la-
tency [11, 18, 28], usually ranging be-
tween 2 and 6 weeks after the end of 
radiotherapy. Only a small proportion 
of patients experience an improve-
ment in pain during or immediately 
after radiotherapy. The pain minimum 
is usually reached between 4 and 
6 weeks after the end of radiotherapy. 
The evaluation of the success is there-
fore only possible with a time delay. 

Figure 1 Radiotherapy plan for a patient who has been irradiated unilaterally at the TMJ. 
The figures on the left and above show the dose distribution in various 3D cross sections: 
two transversal, one sagittal and one coronal. The target volume is outlined in red. The 
figure on the bottom right shows a dose-volume histogram which is used to estimate the 
dose distribution in the target volume and the dose exposure of the organs at risk.
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The first clinical follow-up examin-
ation should generally take place 
10–12 weeks after the end of radio-
therapy. In case of an insufficient ef-
fect or lack of response, a new course 
of irradiation can be performed. Clini-
cal studies have shown the benefit of 
such re-irradiation in degenerative or 
degenerative-inflammatory diseases, 
even in patients who did not show a 
response in the first course [9, 10].

Unlike enthesopathies (tendon at-
tachment diseases) or tendinitides (ten-
don inflammations), in osteoarthritis, 
the analgesic effect of radiotherapy is 
often not permanent, but only present 
for a few years. This is most likely ex-
plained by the degenerative pain com-

ponent of osteoarthritis. In addition, 
osteoarthritis constitutes a progressive 
clinical pattern with further progress-
ive degeneration [11, 16, 18, 20].

Since recent data suggests that 
predominantly or exclusively the in-
flammatory pain component can be 
favorably influenced by low-dose 
radiotherapy, patients with activated 
osteoarthritis – ideally patients in the 
activated relapse of osteoarthritis – 
should be treated particularly [19].

Whether analgesic or anti-inflam-
matory radiotherapy can slow down 
progression has not yet been clearly 
proven. There are – predominantly 
preclinical – studies that may sug-
gests this [3, 5, 27].

Risks of radiotherapy in the 
treatment of degenerative 
and degenerative-inflamma-
tory diseases
Since low-dose radiotherapy is used 
for treatment – as mentioned above – 
so-called deterministic toxicities are 
not to be expected. These include typi-
cal side effects such as radiodermatitis 
or mucositis. The typical late side ef-
fects of higher-dose radiotherapy such 
as fibrosis or xerostomia are also not 
to be expected, or can be virtually 
ruled out, as the tolerance doses of the 
organs at risk are generally not reach-
ed or by far not reached [17, 21, 23].

In principle, there is a risk of 
stochastic side effects (e.g. tumor in-
duction) with each application of 
radiation on humans. This risk of 
tumor induction is low in the case of 
radiotherapy for degenerative and de-
generative-inflammatory diseases. The 
effective dose model can be used to 
estimate this risk. However, individual 
factors such as gender and age of the 
patient must still be accounted for in 
the assessment. The potential chance 
of improvement and the risks of alter-
native therapy options must be 
weighed against this risk [2, 21, 26].

For example, there is a significant 
risk of adverse side effects and also se-
vere adverse side effects when an alge -
sic drugs are taken for a longer period 
of time. In many cases, this risk out-
weighs the risk of radiotherapy [1].

In a calculation according to ICRP 
2008, for an intermediate-aged pa-
tient who is irradiated unilaterally at 
the TMJ with a dose of 6 × 0.5 Gray, 
there is an estimated lifetime risk of 
approximately 0.008 % for the induc-
tion of a malignant tumor [2, 26].

Practical approach
Patients with activated osteoarthritis 
of the TMJ may also be referred for 
radiotherapy by dentists [12]. It 
should be noted that a referral is 
required for radiotherapy appoint-
ments. It is also advisable to send the 
most important documents and in-
formation in advance (provided the 
patient agrees to this after being in-
formed in accordance with data pro-
tection regulations). In particular, the 
previous course of the disease, the 
course of treatment, and available 
cross-sectional imaging (e.g. CT or 

Figure 2 Design of a modern linear accelerator that can be used for the irradiation of 
malignant and non-malignant diseases.

Figure 3 Positioning of the patient with a custom-made thermoplastic mask. The mask 
is used to immobilize the patient. A laser-guided coordinating system (drawn on the 
mask) helps align the patient correctly for irradiation.
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MRI) with corresponding radiological 
findings are very relevant.

Conclusion
Low-dose radiotherapy for treating 
osteoarthritis of the TMJ is a conser-
vative treatment option. In particu-
lar, it can be applied in cases of acti-
vated osteoarthritis as well as inflam-
matory or degenerative-inflamma-
tory arthropathies. Even if patients 
having TMJ osteoarthritis are under-
represented in the studies to date, 
treatment can be provided in analogy 
to osteoarthritis at other sites, with 
the aim of achieving analgesic and 
anti-inflammatory effects. This is also 
in line with the recommendation of 
the S2k-Guideline of the DEGRO.

The treatment utilizes low doses of 
irradiation. Typical deterministic toxic-
ities are not expected and the risk of 
stochastic side effects appears to be low.
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On August 6, 2021, at 0:05 a.m., I re-
ceived an e-mail requesting sub-
mission of a manuscript for the first 
issue of an online dental journal with 
the euphonious but hitherto un-
known title Journal of Dentistry and 
Oral Medicine (Fig. 1). 

Already in the cover letter, some 
conspicuous features stand out: be-
sides the time (which can still be jus-
tified because of the six-hour time 
difference), the inappropriate salu-
tation (“Dear jens.tuerp”) and the 
unusual introductory wording (“Wel-
come …   !!”), the wide range of con-
tent covered by the journal (“all 
types of articles”), the emphasis on 
the professional qualifications of the 
editorial board, and the extremely 
short deadline of 10 days for submit-
ting a manuscript, among other 
things, catched the eye. 

When one receives such an 
e-mail, there are two options: you de-
lete it right away (which is not bad 

advice) or you take a closer look to 
get an idea of its level of seriousness 
(not bad advice either). I decided to 
go with the latter. 

The Journal of Dentistry and Oral 
Medicine is, according to the self-de-
scription on its website, an “inter-
national peer reviewed open access 
journal primarily focused on research 
and clinical aspects of dentistry and 
oral medicine”. It claims to cover all 
areas of dentistry in terms of content 
and lists 46 subject headings to that 
end, from Bone Regeneration to Trau-
matology. The journal is launched by 
Inquest Publications, an online pub-
lisher based in Urbana, Maryland 
(USA). Its website (www.inquestpub
lications.com/) lists 49 other online 
medical journals. As far as presenta-
tion and content (including some 
grammatical and orthographical er-
rors) are concerned, the website does 
not differ from those of comparable 
providers.

The editorial board presents 
21 members from 9 countries: Brazil 
(1 person), France (2), India (4), Italy 
(6), Malaysia (3), Romania (1), Saudi 
Arabia (1), Serbia (1), and Turkey (2). 

Figure 1 The e-mail from August 6, 2021.
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Table 1 Number of PubMed-listed ar-
ticles of the 21 editorial board members. 
These are indicated by their initials (last 
name, first name).
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An analysis of the PubMed-based 
publication performance of the 
21 board members shows that only 
4 (invariably Italian) individuals have 
a strong presence (65 to 115 articles) 
in this meta-database. In contrast, 
6 members are moderately repre-
sented (in the range of 20 to 30 pub-
lications), while the remaining 
11 members have a weak presence 
(less than 20 publications). In view of 
this composition, to speak overall of 
a “distinguished Editorial Board with 
extensive academic qualifications” 
(Fig. 1) seems daring – the 4 col-
leagues from Italy are explicitly ex-
cluded from this statement.

Inquest Publications points out 
that readers of the published articles 
are not charged for accessing them. 
However, this should generally be 
assumed for purely online journals. 
On the other hand, once a sub-
mitted manuscript has been ac-

cepted, authors are charged a con-
siderable fee for processing their ar-
ticle (Tab. 2).

Irrespective of the question about 
the quality of the review process of 
submitted manuscripts, i.e., whether 
peer review worthy of its name is 
really carried out, there is another 
point to take into account: it is not 
guaranteed that the journal will be 
listed in the foreseeable future in the 
well-known medical databases, such 
as PubMed, Livivo, and Directory of 
Open Access Journals. In any case, 
lim iting access to the (largely un-
known) Inquest Publications website is 
a barrier to the dental community’s 
reception of the publications. More-
over, it is quite possible that pub-
lished articles will eventually no 
longer be accessible. A look at the 
other 49 journal titles reveals (www.
inquestpublications.com/journals.
html  “Articles”) that so far articles 
have been published in only 
15 journals, and in modest numbers 
(total 35, minimum 1, maximum 5, 
median 2 articles per journal [not per 
issue!]).

Whether one would like to con-
sider publishing in this journal or in 
online journals of comparable pro-
viders under these circumstances is 
something everyone may decide for 
themselves. But actually, the answer 
should be clear.
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Summary: In the update of the S3 guideline “All-ceramic single crowns and 
fixed dental prostheses” (AWMF Reg. No. 083-012) published in June 2021, 
new scientific evidence was incorporated into the guideline first published in 
2014. The guideline established a broadly consented, evidence-based frame-
work within which the use of tooth-supported all-ceramic restorations offers 
comparable long-term clinical outcomes to metal-based crowns and fixed den-
tal prostheses (FDPs).
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gard to new research findings, backgrounds have been newly discussed, and 
numerous recommendations have been updated with regard to indications 
and localization. In the process, the recommendation grading of individual 
materials was adjusted on the basis of new literature. Recommendations on 
materials that are no longer on the market (alumina ceramics) were removed 
and recommendations on new materials and applications were added (zirco-
nium oxide ceramics [3Y-TZP] monolithic; zirconium oxide ceramics [4Y-, 
5Y-TZP and combinations with these]; resin-matrix ceramics; lithium silicate/
phosphate glass-ceramics). Recommendations on endocrowns were also made 
for the first time. In addition, the questions regarding the treatment of brux-
ism patients with all-ceramic restorations as well as material-specific manufac-
turing  recommendations were re-evaluated.
The main recommendations are listed in this article, the key innovations are 
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1 Introduction
The reasons for preparing and updat-
ing the guideline “All-ceramic single 
crowns and fixed dental prostheses” 
were the continuous further devel-
opment in the field of all-ceramic ma-
terials and the continuing prevalence 
of severely destroyed and missing 
teeth requiring treatment with crowns 
and fixed dental prostheses (FDPs) 
[28]. The guideline focuses on tooth-
supported crown and tooth-supported 
FDPs; partial crowns, inlays, onlays 
and repositioning onlays are not 
covered by the guideline.

All tooth-colored materials must 
compete with metal-based restora-
tions, which are still considered as the 
gold standard for fixed restorations 
[42, 66, 88]. Since the clinical per-
formance of tooth-colored materials 
strongly depends on the indication, 
the materials used and their proces -
sing [18, 39, 44, 68, 69], evidence- and 
consensus-based recommendations 
have been made which take these in-
fluencing factors into account.

The recommendations of the 
guideline refer to the survival and 
complication rates of all-ceramic 
crowns and fixed dental prostheses, 
which have been evaluated based on 
long-term clinical studies and thus 
serve as a decision criterion. This pro-
vides the patient and restorative treat-
ment team with therapeutic safety, 
and complications can be avoided.

The recommendations of the 
present update were based on a new 
systematic literature search, which 
included 24 new studies. The content 
of the new literature was evaluated 
regarding the survival rates of the res-
torations and the complications that 
occurred, as well as methodologically 
with evidence levels (Table 1). De-
pending on the study quality, the 
number of studies and the study re-
sults, recommendations of varying 
strength (Table 2) emerged from this, 
which were adopted in a structured 
consensus procedure (for consensus 
strengths, see Table 3).

2 Fundamentals of materials 
science

2.1 Material classes
Silicate ceramics consist of a glass ma-
trix with embedded crystals. A classic 

representative is feldspar ceramic. Sili-
cate ceramics can be used as veneer-
ing ceramics, but can also be pressed 
or milled from industrially manufac-
tured blocks [18, 89]. Lithium disili-
cate ceramics and lithium silicate ce-
ramics containing zirconium oxide 
have an increased flexural strength of 
up to 400 MPa compared to other sili-
cate ceramics [25, 89].

Oxide ceramics do not have a glass 
matrix, but usually consist of zirconia 
polycrystals stabilized with yttria [8, 
55]. The flexural strength of classic 
first-generation tetragonal zirconia 
doped with 3 mol% yttrium is signifi-

cantly increased to over 1000 MPa, but 
light transmission is lim ited and these 
materials are thus more opaque, mak-
ing them suitable primarily as frame-
work materials for manual veneering 
[72, 73]. With the novel generations of 
zirconium oxides available on the 
market, greater translucency is to be 
achieved by varying the yttria content 
among other modifications [91]. This 
is also the reason for the designations 
3Y-, 4Y- or 5Y-TZP used in the guide-
line (3 = 3 mol-%; 4 = 4 mol-%; 5 = 
5 mol-%; Y = yttrium oxide; TZP = 
“tetragonal zirconia polycristal”). 
More translucent zirconium with an 
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Evidence Assessment

1++

1+

1–

2++

2+

2–

3

4

Table 1 Qualitative evidence assessment (LoE = Level of Evidence) modified and deviat-
ing from SIGN 50 (Scottish Intercollegiate Guidelines Network). 

High quality meta-analyses, systematic literature reviews of randomized 
controlled trial (RCT) articles, or RCTs with a very low risk of bias

Well-conducted meta-analyses, systematic literature reviews, or RCTs 
with a low risk of bias

Meta-analyses, systematic literature reviews, or articles on RCTs with a 
high risk of bias

High quality systematic literature reviews or articles on case-control 
studies or cohort studies

Well-conducted case-control studies or cohort studies with a low risk of 
influence or bias and a moderate probability that the associations are 
causal, and well-conducted case series with an acceptable risk of bias

Articles on case-control studies with a high risk of influence or bias and a 
significant risk that the associations are not causal

Articles on non-analytical studies, e.g. case presentations or case series

Expert opinion

A

B

0

Table 2 Scheme of recommendation grading according to AWMF

Evidence 
strength

high

moderate

low

Recommen-
dation

should

↑↑

should

↑

may be used/   
may be 
 indicated
=

Recommendation 
against intervention

should not

↓↓

should not

↓

may not be used

=

Description

Strong 
 recommendation

Recommendation

Recommendation 
open
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increased content of yttrium has a 
larger cubic phase fraction and is of-
fered by many manufacturers for 
monolithic use [91]. It should be 
noted that these modifications are at 
the expense of the mechanical proper-
ties and thus the range of indications 
can differ significantly depending on 
the zirconium material, generation 
and manufacturer [22]. Recently, 
multilayer blocks with a color and 
translucency gradient have also been 
offered for monolithic use, in which, 
for example, combinations of mechan-
ically more stable 4Y-TZP and 5Y-TZP, 
which is optically more translucent in 
the incisal region, are used [2].

Resin-matrix ceramics (RMC) can 
be divided into two subgroups: CAD/
CAM composites with dispersed fillers 
as well as a predominantly organic 
phase and polymer-infiltrated ceramics 
with a dominant inorganic phase 
[9, 38]. Depending on the material, 
both groups are intended for various 
single-tooth restorations; they are not 
approved by the manufacturers for 
FDPs due to their limited flexural 
strength of 150–240 MPa [9, 36].

2.2 Material selection
In addition to a range of silicate ce-
ramics, various types of zirconium ce-
ramics (3Y-TZP, 4Y-TZP, 5Y-TZP) are 
available for all-ceramic single crowns 
and FDPs – each as an alternative to 
metal-based restorations. A trend to-
wards monolithic materials can be ob-
served, which allows less invasive prep-
aration forms due to lower material 
thicknesses, preserves tooth structure, 
and expands the range of indications 
for all-ceramic restorations [4, 86].

The decision for a material de -
pends on both material-related (es-
thetic potential, mechanical proper-

ties, abrasion behavior of the materi-
al and the antagonist) and clinical 
factors (degree of destruction of the 
tooth, cementation options, func-
tional aspects). The clinical long-term 
success is closely linked to the correct 
indication, the experience and 
knowledge of the restorative team, as 
well as suitable cementation and an 
adequate occlusal concept.

3 Material recommen-
dations

Table 4 provides an overview of the 
all-ceramic materials that are recom-
mended or rejected for specific indi-
cations and localizations. Back-
ground information on the recom-
mendations is provided briefly below 
and in detail in the long version of 
the guideline.

3.1 All-ceramic single crowns in 
the anterior region

For the fabrication of all-ceramic 
single crowns in the anterior region, 
veneered lithium disilicate ceramics 
or veneered zirconium oxide ceramics 
(3Y-TZP) should be used. The recom-
mendations have been strengthened 
compared to the first version of the 
guideline, as restorations made of 
these veneered materials, according to 
recent data, have very good survival 
rates of 86.1–100 % after 5–10 years 
for lithium disilicate ceramics [20, 74, 
80, 83–86] and 88.5–100 % after 
5 years for zirconium oxide ceramics 
[13, 21, 33, 45, 48, 50]. Chipping as a 
technical complication of veneered 
zirconium crowns has been reported 
with a frequency of 1.9–8.1 % after 
5 years [21, 48].

An open recommendation is made 
for the monolithic use of lithium dis-
ilicate ceramics and zirconium oxide 

ceramics (3Y-TZP) due to the rather 
low level of evidence: The materials 
can be used. Short-term data after an 
observation period of 3 years show 
promising results with survival rates 
of 100 % for monolithic crowns made 
of zirconium oxide ceramic [4].

Monolithic (leucite-reinforced) 
silicate ceramics provide survival 
rates of 100 % and 98.9 % in the only 
two available studies after observa-
tion periods of 5 and 11 years, re-
spectively [18, 90], so they should be 
used. Limited data are available for 
monolithic feldspar ceramics, so they 
can be used in the context of an open 
recommendation.

No statement can be made at 
present on newer zirconium oxide ce-
ramics (4Y-TZP, 5Y-TZP), RMC and li-
thium silicate/phosphate glass-ce-
ramics  due to a lack of clinical data.

3.2 All-ceramic single crowns in 
the posterior region

Veneered or monolithic lithium disili-
cate ceramics should be used for the 
fabrication of all-ceramic single 
crowns in the posterior region. Both 
chairside CAD/CAM-fabricated mono-
lithic lithium disilicate ceramic 
crowns and laboratory press-fabricated 
monolithic lithium disilicate ceramic 
crowns and veneered lithium disilicate 
ceramic restorations show good long-
term results after 8.7–11 years with 
survival rates of 83.5–98.2 % [20, 41, 
60, 74, 80, 83–86]. Due to the recent 
good data the recommendation could 
be strengthened compared to the first 
version of the guideline.

Monolithic (leucite-reinforced) 
silicate ceramics and veneered zirco-
nia ceramics should be used, mono-
lithic feldspar ceramics and mono-
lithic zirconium oxide ceramics can 
be used. The recommendations for 
veneered and monolithic zirconium 
oxide ceramics have been 
strengthened accordingly. Monolithic 
(leucite-reinforced) silicate ceramics 
showed survival rates of 97.5 % and 
99 % after 5 years, respectively [18, 
90]. New long-term data are available 
for veneered zirconium oxide ce-
ramics with good 5-year survival rates 
of 94–98.1 % [21, 33, 46, 48, 62, 87] 
with moderate chipping rates of 
1.9–10 % after 5 years [21, 46, 48, 62]. 
Monolithic feldspar ceramics had 
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Classification of consensus strength

Strong consensus

Consensus 

Majority approval

No consensus

Table 3 Classification of consensus strength according to AWMF 

Consent from >95 % of the participants

Consent from >75–95 % of the participants

Consent from >50–75 % of the participants

Consent from <50 % of the participants
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posterior survival rates of 99.6 % and 
94.7–95 % after 7 and 12 years, re-
spectively, in a cohort study and a 
case series [15, 52].

Expert consensus was expressed 
for monolithic zirconium oxide ce-
ramics based on short-term data with 
100 % survival after 3 years [4].

Due to insufficient scientific long-
term data for  newer zirconium oxide 
ceramics (4Y-TZP, 5Y-TZP), RMC and 
lithium silicate/phosphate glass-ce-
ramics, no statement for a recom-
mendation of their use in the poster-
ior region can be made. Short-term 
studies with 2–3 years follow-up show 
survival rates of 92.9–96.8 % for 
polymer-infiltrated ceramics in the 
posterior region [7, 79].

3.3 All-ceramic endocrowns
Endocrowns were included in the 
guideline for the first time. Mono-
lithic feldspar ceramics and mono-
lithic as well as veneered lithium dis-
ilicate ceramics can be used. Initial 
data, however with a rather low level 
of evidence, show survival rates of 
75–99.9 % after 7–12 years in the pos-
terior region [3, 15, 51]. No evidence-
based statement can yet be made on 
other all-ceramic materials when 
used as endocrowns.

3.4 All-ceramic 3-unit fixed 
dental prostheses  in the 
ante rior region

Veneered zirconia ceramics (3Y-TZP) 
should be used for the fabrication of 
all-ceramic 3-unit FDPs in the ante -
rior region (Figure 1). This recom-
mendation has been strengthened 
compared to the previous version of 
the guideline due to the large 
amount of new data. For example, 

after up to 7 years of follow-up, sur-
vival rates are 88.8–100 % [5, 33, 37, 
43, 75, 90]. Data on technical com-
plications are heterogeneous with 
chipping rates of 24.2 % at 5 years [5] 
and 7.4 % at 7 years [75].

Monolithic zirconium oxide ce-
ramic (3Y-TZP) can be used and is 
thus recommended for this indi-
cation for the first time, but only on 
the basis of expert consensus. Clini-
cal data after an observation period 
of 3 years show promising results 
with survival rates of 96.7 % for 
monolithic FDPs in the anterior and 
posterior region [23].

Monolithic and veneered lithium 
disilicate ceramics can also be used, 
since clinical data for veneered li-
thium disilicate ceramics in the 
newly considered literature show sur-
vival rates of 89.7 % and 86.1 % after 
5–10 years, respectively [83]. In one 
study monolithic lithium disilicate 
ceramics have been followed up for 
longer with survival rates of 87.9 % 
after 10 years [32], that diminished 
however to  only 48.6 % after 
15 years [19].

No statement can be made on 
newer zirconium oxide ceramics 
(4Y-TZP, 5Y-TZP) due to a lack of 
clinical data.

3.5 All-ceramic 3-unit fixed 
partial dentures  in the 
poste rior region

Veneered zirconium oxide ceramics 
(3Y-TZP) should be used for the fab-
rication of all-ceramic 3-unit FDPs in 
the posterior region. This recommen-
dation has been strengthened com-
pared to the previous version of the 
guideline. After 5 years, survival rates 
are 90–97 % [5, 33, 43, 58, 69, 77, 90], 

and after 10 years, survival rates are 
70.3–91.3 % [27, 53, 63, 64]. Since ce-
ramic fractures such as chipping occur 
in up to 31 % of veneered zirconium 
oxide ceramic FDPs after 10 years, 
FDPs made of monolithic zirconium 
oxide ceramics are an alternative that 
can be used. Short-term data, a docu-
mented case series and initial empiri-
cal experience (case study in Figure 2) 
with monolithic and solely vestibular 
veneered FDPs made of zirconium 
oxide ceramics are promising: They 
show a survival rate after 3 years of 
96.7 % for monolithic and 93.8 % and 
a chipping rate of 8.8 % for purely 
vestibular veneered FDPs [23], but still 
only receive a recommendation as an 
expert consensus.

Veneered and monolithic FDPs 
made of lithium disilicate ceramics 
show lower survival rates of 
48.6–51.9 % after 10–15 years and 
63.0–51.9 % after 5–10 years, respec -
tively [19, 83], but can also be used 
within the manufacturer’s indication. 
This rules out replacement of the 2nd 
premolar as well as the molars.

3.6 All-ceramic multi-unit/span 
fixed dental prostheses

The clinical data is not sufficient to 
recommend multi-unit/span all-ce-
ramic FDPs. This was already  the case 
when the first version of the guide-
line was prepared. The few existing 
studies on veneered zirconium oxide 
ceramics (3Y-TZP) report that there 
are increased chipping rates [63] at 
35 % after 10 years and increased fail-
ures [71] with long-span FDPs. Sur-
vival rates are 75 % after 10 years for 
FDPs with up to 4-units [63] and 
88.8 % after 7 years for FDPs with up 
to 6-units [75].

Figure 1 Clinical case a) Initial situation with teeth 12, 22 and 23 to be extracted. b) Treatment completion with FDP 11 to 13 made 
of vestibular veneered zirconium oxide ceramic, single crown 21 made of lithium disilicate ceramic. 22 and 23 are restored implant-
prosthetically with an implant crown 23 with mesial cantilever 22 made of vestibular veneered zirconium oxide ceramic.
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Indication

Single crown

Endocrown

3-unit FDP

Resin-bonded 
FDP

Inlay-
 retained FDP

Table 4 Evidence- and consensus-based material recommendations. LoE = Level of Evidence, FDP = fixed dental prostheses

Localization

Anterior tooth region

Posterior tooth region 

Posterior tooth region 

Anterior tooth region

Posterior tooth region 

Posterior tooth region, 
replacement of the 1st 
premolar

Posterior tooth region, 
replacement of the 2nd 
premolar and molar 
 replacement

Anterior tooth region

Posterior tooth region

Material

Silicate ceramic (leucite reinforced), 
monolithic

Feldspar ceramic, monolithic

Lithium disilicate ceramic, veneered

Lithium disilicate ceramic, monolithic

Zirconium oxide ceramic (3Y-TZP), 
veneered 

Zirconium oxide ceramic (3Y-TZP), 
monolithic

Silicate ceramic (leucite reinforced), 
monolithic

Feldspar ceramic, monolithic

Lithium disilicate ceramic, veneered

Lithium disilicate ceramic, mono-
lithic

Zirconium oxide ceramic (3Y-TZP), 
veneered 

Zirconium oxide ceramic (3Y-TZP), 
monolithic

Feldspar ceramic, monolithic

Lithium disilicate ceramic, veneered/
monolithic

Lithium disilicate ceramic, veneered

Lithium disilicate ceramic, mono-
lithic

Zirconium oxide ceramic (3Y-TZP), 
veneered 

Zirconium oxide ceramic (3Y-TZP), 
monolithic

Zirconium oxide ceramic (3Y-TZP), 
veneered 

Zirconium oxide ceramic (3Y-TZP), 
monolithic

Lithium disilicate ceramic, veneered/
monolithic

Lithium disilicate ceramic, veneered/
monolithic

Zirconium oxide ceramic, veneered 

Lithium disilicate ceramic, mono-
lithic

Zirconium oxide ceramic (3Y-TZP), 
veneered 

LoE

2+

4

2+

4

2+

4

2+

2+

2+

2+

2+

4

2+

4

2+

4

2+

4

2+

4

2+

2+

2+

2+

2+

Recommen-
dation level

↑

=

↑↑

=

↑↑

=

↑

=

↑↑

↑↑

↑

=

=

=

=

=

↑↑

=

↑

=

=

↓↓

↑↑

↓↓

↓↓

Recommen-
dation level

B

0

A

0

A

0

B

0

A

A

B

0

0

0

0

0

A

0

B

0

0

A

A

A
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3.7 All-ceramic single retainer 
resin-bonded fixed dental 
prostheses  in the anterior 
 region

For the replacement of missing ante -
rior teeth with all-ceramic single re-
tainer resin-bonded FDPs, veneered 
zirconium oxide ceramics should be 
used, since these restorations show 
survival rates of 98.2 % after 10 years 
[31] and thus appear to be superior 
even to metal-ceramic resin-bonded 
FDPs [47, 57]. The recommendation 
was strengthened compared to the 
first version of the guideline.

3.8 All-ceramic single retainer 
resin-bonded fixed dental 
prostheses  in the posterior 
 region

Since no clinical data is available for 
the use of all-ceramic single retainer 
resin-bonded FDPs  in the posterior 
region, their use cannot be recom-
mended. This was already the case in 
the previous version of the guideline.

3.9 All-ceramic inlay-retained 
fixed dental prostheses   in 
the posterior region

Lithium disilicate ceramics and ve-
neered zirconium oxide ceramics 
should not be used for the fabrication 
of inlay-retained FDPs in the poste -
rior region, since clinical data show 
low survival rates of 22 % after 
15 years for lithium disilicate ce-
ramics [1] and 12.1 % after 10 years 
for veneered zirconium oxide ce-
ramics [59]. The negative recommen-
dation for inlay-retained FDPs made 
of veneered zirconium ceramics was 
made for the first time on the basis of 
the new data. Approaches to design 
inlay-retained FDPs of veneered zirco-
nium oxide ceramic with an addi-
tional wing resulted in a better sur-

vival rate of 95.8 % after 5 years [6]. 
Nevertheless, the data for other prep-
aration forms and materials are not 
sufficient for a recommendation.

4 Bruxism and all-ceramics
The following strong expert consen-
sus (100 % agreement) was reached 
on the question of whether all-ce-
ramic restorations show comparable 
long-term results to metal-ceramic 
restorations in bruxism patients 
requiring crowns and FDPs:

Based on the current clinical 
study situation, the question cannot 
be conclusively evaluated [70], as a 
large number of studies explicitly ex-
cluded patients with bruxism [1, 5, 
13, 15–17, 19, 20, 24, 27, 34, 35, 39, 
46, 48, 53, 54, 59–65, 67, 69, 76, 78, 
83, 84] and only a few studies ex-
plicitly included bruxism patients [2, 
45, 49, 56, 74].

However, the clinical deter-
mination of whether patients suffer 
from bruxism has only been system-
atized in recent years. According to 
the S3 guideline Diagnostics and 
treatment of bruxism (AWMF register 
number 083–27), reliable detection of 
bruxism has so far only been possible 
by means of polysomnographic 
examinations [10]. Therefore, in prac-
tice, diagnosis remains limited to 
procedures that allow the diagnosis 
of “probable bruxism” but are associ-
ated with residual uncertainty [10]. 
In addition, the diagnosis of “brux-
ism” may change over the service 
time of the restorations.

Basically, the increased mech-
anical stress in patients with sleep 
and/or awake bruxism is a risk factor 
for all dental restorations, and there-
fore restorative treatments are associ-
ated with increased biological and 
technical risks [10].

In patients with probable brux-
ism, it is useful to check whether the 
treatment with metal restorations is 
possible and acceptable. If all-ceramic 
restorations are used, treatment with 
monolithic restorations is also an al-
ternative. It is also impor tant to in-
form the patient about the increased 
risk of loss due to bruxism and any 
restrictions on the indication pro-
vided by the manufacturer.

Protection against mechanical fail-
ure of the restorations can be pro-
vided by strict treatment protocols, 
careful analysis of function, and inclu-
sion of an occlusal/stabilization splint.

5 Material-specific manufac-
turing recommendations

The following expert consensus was 
reached on the question of which 
material-specific manufacturing  rec-
ommendations can be made: The 
preparation for all-ceramic crowns 
and FDPs with crown anchors should 
follow the proven preparation guide-
lines of the retention and resistance 
form [30] (consensus).

Minimally invasive preparation de-
signs with 1 mm occlusal reduction 
were evaluated in only 2 studies: for 
monolithic and partially veneered 
crowns made of zirconium oxide ce-
ramics in the anterior and posterior re-
gions, an occlusal reduction of at least 
0.5 mm was prepared in one study, 
with short-term survival rates of 
98.5–100 % after 3 years [4]. For li-
thium disilicate ceramic crowns, an 
occlusal or incisal reduction of 
0.2–2 mm was performed, and the sur-
vival rate in this study was 96.1 % after 
9 years [86]. However, since no data 
beyond this are available for min -
imally invasive preparation forms for 
crowns and FDPs, no recommendation 
can be given (strong consensus).

Figure 2 Clinical case of an all-ceramic 3-unit posterior FDP made of monolithic zirconia. a) initial situation, b) fully anatomical digital 
design, c) treatment completion
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Manufacturer’s instructions and 
specifications of the Medical Devices 
Regulation must be strictly followed 
without fail (strong consensus). In 
addition, minimum layer thickness-
es, connector cross-sections, frame-
work design, processing, material 
treatment and the type of cemen-
tation must be observed (strong con-
sensus). For example, subsequent 
grinding, surface roughness or tem-
porary cementation may have a 
negative impact on the long-term 
survival of the restorations.

“A large proportion of failures 
were due to inadequate material di-
mensioning or other material failure 
such as chipping [12, 15, 21, 27, 46, 
48, 53, 59, 62–64] and complete ce-
ramic fractures [1, 17, 19, 26, 29, 39, 
40, 45, 46, 59, 68, 69, 82]. Due to the 
potential risk of chipping, special at-
tention should be paid to the type of 
veneer (full/partial)” [11].

6 Notes on the materials
• The manufacturer-dependent dif-

ferences in composition within a 
material class as well as produc-
tion-related features can lead to 
clinically relevant differences in 
the quality of results, without this 
necessarily being reflected in the 
literature.

• Regarding technical complications 
and the invasiveness of the prep-
aration, the following should be 
considered: full veneering, purely 
vestibular veneering (watch glass 
setting) and veneering only in the 
incisal area (“cut-back”).

• After any grinding measures on all-
ceramic restorations, they must be 
polished again to a high gloss. This 
applies to all all-ceramic restora-
tions. Otherwise, the adjusted area 
may be a predilection site for a 
subsequent ceramic fracture and 
promote wear of the antagonist 
[14, 81].

7 Conclusion
All-ceramic single crowns and FDPs 
provide good long-term results in 
terms of survival and freedom from 
complications if the indications are 
correct, the appropriate materials are 
selected and the procedure is carried 
out correctly. In particular, lithium 
disilicate ceramics and veneered zir-

conium oxide ceramics have proved 
very successful for anterior and pos-
terior single crowns, 3-unit anterior 
FDPs and anterior resin-bonded FDPs. 
Monolithic zirconium oxide ceramics 
(3Y-TZP) can be used, but no state-
ment can yet be made on newer ma-
terials such as translucent zirconia ce-
ramics due to a lack of long-term 
data. All-ceramic multi-unit/span 
FDPs and all-ceramic inlay-retained 
FDPs are not recommended.
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Kathinka Offer, Sabine Linsen, Philipp Kohorst

Retrospective study of glass  -ceramic 
single tooth restorations after up to 
15 years

Introduction: Glass-ceramic single-tooth restorations count among the stan-
dard treatments in dental practice at present owing to their good esthetics, 
biocompatibility and survival rates. The aim of this study was to investigate 
the occurrence of various long-term complications based on data collected 
from a general dental practice.

Material and methods: A retrospective analysis of 1132 posterior single-
tooth restorations made of Empress 2 and IPS e.max ceramic from 251 pa-
tients was performed. The restorations were placed between 2000 and 2015 by 
a single dental practitioner in a private general dental practice. The minimum 
observation period was 2 years. The patient records were examined for the fol-
lowing complications: fracture, root canal treatment, periodontal compli-
cations, occlusal adjustment procedures to correct occlusal interferences, post-
operative hypersensitivity, secondary caries and decementation. The statistical 
analysis was based on the ceramic used (Empress 2 and IPS e.max) and the 
type of restoration (inlay, partial crown, or crown).

Results: Twelve of the 769 Empress 2 and 3 of the 363 IPS e.max restorations 
failed due to bulk fracture. There was no significant difference between the 
materials (p = 0.411). Crowns displayed a significantly higher fracture rate 
compared to inlays or partial crowns (p = 0.02 and p = 0.04), irrespective of 
material. Empress 2 restorations showed a significantly higher incidence 
(3.6 %) of premature occlusal contacts requiring adjustment compared to IPS 
e.max restorations (1.4 %) (p = 0.037). No correlation between occlusal adjust-
ment procedures and fracture was observed (p = 0.426). Empress 2 crowns had 
a significantly higher probability of decementation (p < 0.001) compared to 
Empress 2 inlays or partial crowns. Teeth with IPS e.max restorations exhibited 
significantly more postoperative hypersensitivitity (p < 0.001) and required 
root canal treatment significantly more frequently (p = 0.041) than teeth with 
Empress 2 restorations. Periodontal complications occurred significantly more 
often in teeth with IPS e.max crowns than in teeth with IPS e.max inlays or 
partial crowns (p = 0.005). The incidence of secondary carious lesions was not 
significantly higher neither with respect to material nor type of restoration.

Conclusion: Both glass-ceramic materials are suitable for everyday use in den-
tistry; IPS e.max and Empress 2 restorations demonstrated good long-term 
clinical results and an acceptable amount of complications. The most com-
mon complications were postoperative hypersensitivity, fractures and peri -
odontal complications. The number of complications was higher for crowns 
than for inlays or partial crowns.

Keywords: glass-ceramic; IPS e.max; Empress 2; single-tooth restorations; 
complications; long-term performance; retrospective; fracture rate
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1 Introduction
All-ceramic single-tooth restorations 
constitute an integral part of the den-
tal treatment spectrum nowadays due 
to their good esthetics, biocompati-
bility and very good long-term results 
in terms of survival probability [2, 14, 
21, 38, 41].

The greatest difficulty lies in their 
lack of mechanical stability and 
strength, which is determined, in 
particular, by the pronounced brittle 
fracture properties and the low ten-
sile load-bearing capacity [35]. The 
resulting fractures and chipping pres-
ent a major challenge for dental prac-
tice and research. Yet, great progress 
has been made in this field in recent 
decades. With the introduction of 
leucite and lithium disilicate ce-
ramics Empress 1 and 2 at the end of 
the 1980s and early 1990s, the slow 
crack growth that is especially prob-
lematic for glass-ceramics was signifi-
cantly reduced through the incorpo -
ration of mechanically more stable 
leucite and lithium disilicate crystals. 

Although great improvements 
have been made with regard to the 
parameters that influence glass-ce-
ramic materials such as material 
properties and luting materials, a 
large number of studies do not in-
clude other factors which are in-
volved in the failure process and inci-
dence of complications [12, 13, 31, 
36]. It is known that, in addition to 
the material’s inherent properties, 
dentogenic, patient-related and den-
tist-dependent factors also influence 
the survival probability of restora-
tions [5, 22].

The aim of this retrospective 
study was to provide a practice-
oriented analysis of the compli-
cations of glass-ceramic inlays, partial 
crowns and crowns made of Em-
press 2 and IPS e.max Press. With this 
in mind, the incidence of the compli-
cations fracture, decementation, end-
odontic treatment, postoperative hy-
persensitivity, periodontal complica- 
tions, occlusal interferences requiring 
occlusal adjustment procedures and 
secondary caries was investigated in 
relation to the type of restoration 
(inlay, partial crown, and crown) and 
material (Empress 2, IPS e.max). The 
null hypothesis stated that the inci-
dence of complications was stochasti-

cally independent of the type of res-
toration (inlay, partial crown, crown) 
and material (Empress 2, IPS e.max).

2 Material und methods

2.1 Study design and  
complications 

The patient collective was selected 
from a private general dental prac-
tice. All glass-ceramic single-tooth 
restorations made of Empress 2 or IPS 
e.max which were placed between 
01.01.2000 and 31.12.2015 were in-
cluded in the study. Data was col-
lected retrospectively based on the 
procedure’s respective billing code. 
The inclusion criteria were: glass-ce-
ramic single-tooth restorations in the 
posterior region (first premolar to 
third molar) made of the materials 
Empress 2 and IPS e.max from Ivoclar 
Vivadent, a minimum observation 
period of 2 years and a minimum pa-
tient age of 18 years. 

The complications fracture, dece-
mentation, postoperative hypersen -
sitivity, secondary caries, premature 
occlusal contacts, periodontal com-
plications and root canal treatment 
were evaluated according to a yes/no 
format. Together with the compli-
cations, the material (IPS e.max and 
Empress 2) and the type of restora-
tion (inlay, partial crown and crown) 
were also recorded.

The complications were defined as 
follows: fracture was defined as chip-
ping of the ceramic which lead to the 
restoration’s failure and the sub-
sequent need for a new one. Chipping 
that did not require restoration renew- 
al was not included in the study. 

Root canal treatments after a res-
toration was placed were recorded  
regardless of whether restoration 
renew al was needed. Periodontal 
complications comprised of all the 
situations in which the patient 
required systematic periodontal ther-
apy in the area of the restored tooth 
after the restoration’s placement. Pre-
mature contacts requiring adjust-
ment and postoperative hypersensi-
tivity were recorded up to 4 months 
after the restoration was placed.

The recording of secondary caries 
ensued when it resulted in restorative 
treatment in the form of a new filling 
or restoration. 

The study project was registered 
by the Ethics Committee of the Uni-
versity of Bonn under number 
274/20 and approved on 16.06.2020.

2.2 Treatment procedure 
The patients stemmed from a private 
general dental practice and all the 
treatments were performed by a 
single dentist. Likewise, all the resto-
rations were fabricated in the prac-
tice’s dental laboratory by a single 
dental technician.

Before the start of treatment, the 
dental examination and periodontal 
status were recorded and a clinical 
functional analysis was completed for 
each patient. Depending on the diag-
nosis, conservative treatment, profes-
sional tooth cleaning/periodontal 
treatment or functional therapy were 
performed as part of the pretreat-
ment. After, prosthetic treatment en-
sued. 

The preparation design of inlays 
and partial crowns took the size of 
the defect into account and made use 
of rounded inner edges. Cusps were 
included in the preparation design of 
partial crowns and rounded, 1 mm 
wide shoulder margins were pre-
pared. The marginal design of crowns 
was also performed as a 1 mm wide 
circular chamfer preparation with 
rounded inner edges. Tooth sub-
stance removal was between 
1.5–2 mm occlusally and 1.5 mm cir-
cumferentially and the taper was 
6–10°. The preparation margin was 
positioned supragingivally, equigin-
givally or subgingivally according to 
the clinical conditions. Special atten-
tion was given to the preparation of 
rounded edges.

A one-step double mix impres-
sion using the double cord technique 
was made with the polyether materi-
al Impregum 3M ESPE. Occlusal regis-
tration was performed either in the 
maximum intercuspidation or in the 
centric condylar position based on 
the requirements of each individual 
case. The restorations were fabricated 
in the Ivocalr EP 600 Combi press 
furnace according to the manufac-
turer‘s instructions. The enamel was 
etched with 30–40 % phosphoric acid 
and the restoration was conditioned 
for 20 seconds with 5 % hydrofluoric 
acid before its cementation. The ce-

OFFER, LINSEN, KOHORST:
Retrospective study of glass  -ceramic single tooth restorations after up to 15 years



259

© Deutscher Ärzteverlag | DZZ International | Deutsche Zahnärztliche Zeitschrift International | 2021; 3 (6) 

mentation was made using the Syn-
tac Classic adhesive system (Ivoclar 
Vivadent) and one of the following 
dual-curing adhesive luting materials: 
Variolink 2 (Ivoclar Vivadent), RelyX 
(3M Espe), G-Cem (GC), Panavia SA 
(Kuraray), Tetric Evo Flow (Ivoclar  
Vivadent), Filtek Supreme (3M Espe) 
or PermaCem (DMG). When the cir-
cumstances permitted, rubber dam 
was used during the cementation 
procedure. In cases where occlusal 
adjustments were needed, this was 
performed – after cementation – with 
a diamond-coated round or football 
bur. Subsequently, the restorations 
were polished intraorally with dia-
mond grit ceramic polishers (Komet, 
Germany).

2.3 Statistical analysis
The statistical analysis and graphical 
representations were made using the 
SPSS software for Windows, version 
24.0 (SPSS Inc., U.S.A.). The data were 
evaluated descriptively and expressed 
as percentages and absolute numbers 
in order to express the incidence  
of complications comparatively be-
tween the restoration types (inlay, 
partial crown, crown) and between 
the materials (Empress 2, IPS e.max). 
The chi-square test and the Fisher 
exact test, in the case of low 
numbers, were applied in order to 
compare the incidence of compli-
cations among the restoration types 
(inlay, partial crown, crown) and ma-
terials (Empress 2, IPS e.max). The ef-
fect of adjustment procedures on the 
survival of glass-ceramic single-tooth 
restorations was investigated using 
Kaplan-Meier analyzes and the sig-
nificance was determined using the 
log rank test. Differences between the 
groups were determined as being sig-
nificant at p < 0.05.

3 Results
A total of 1132 restorations from 
251 patients were evaluated. The mean 
observation period was 6.5 ± 3.3 years.

Overall, 363 restorations were 
made of IPS e.max and 769 of Em-
press 2. The mean ages of patients 
with Empress 2 and IPS e.max resto-
rations were 46.6 (± 10.31) and 51.46 
(± 12.29) years, respectively. The 
number of restorations placed in 
male and female patients was 455 

and 677, respectively. The total of 
1132 restorations consisted of 331 
crowns (Empress 2 n = 215, IPS 
e.max n = 116), 487 partial crowns 
(Empress 2 n = 315, IPS e.max 
n = 172) and 314 inlays (Empress 2 
n = 239, IPS e.max n = 75). Before the 
start of treatment, 1065 vital and 65 
avital abutment teeth were present. A 
list of the data is found in Tables 1 
and 2.

3.1 Fracture
Over the course of the observation 
period, 15 restorations failed due to 
fracture. Twelve (1.6 %) were made of 
Empress 2 and 3 (0.8 %) of IPS e.max. 
The fracture rate between Empress 2 
and IPS e.max restorations is not sig-
nificantly different (p = 0.411).

With respect to the type of resto-
ration, 10 crowns (3 IPS e.max, 7 Em-
press 2) and 5 partial crowns made of 
Empress 2 fractured. Crowns made of 
Empress 2 and IPS e.max fractured 
significantly more frequently 
(p < 0.04 and p < 0.02) than partial 
crowns and inlays made of the same 
material (see Tables 1 and 2).

Furthermore, only one out of 
33 restorations needing adjustment 
due to premature contacts fractured. 
This corresponds to a survival prob-
ability of 97.0 % in the group with 
adjustment procedures and 98.7 % in 

the group without. The p value of 
0.426 indicates that the differences 
between the two groups are not sig-
nificant (Fig. 1).

3.2 Root canal treatment
Altogether, 18 (1.6 %) of the 
1132 teeth underwent root canal 
treatment after the restoration was 
placed. Eight (0.7 %) restorations 
were made of IPS e.max and 10 
(0.9 %) of Empress 2. The difference 
between the materials is statistically 
significant at p = 0.041 (see Tables 1 
and 2). 

In comparing the different types 
of restorations, no significant differ-
ence with regard to the need for root 
canal treatment existed, neither for 
Empress 2 nor for IPS e.max.

3.3 Decementation
Nine of the 769 Empress 2 (1.2 %) 
and none of the 363 IPS e.max resto-
rations became loose. No statistically 
significant difference between the 
materials existed (see Tables 1 
and 2). 
In terms of the type of restoration, 
only crowns made of Empress 2 be-
came loose (p < 0.001).

3.4 Periodontal complications
Periodontal deterioration subsequent 
to restoration placement with the 

Figure 1 Kaplan-Meier diagram showing the survival probability of restorations which 
did and did not require occlusal adjustment procedures due to premature contacts.
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need for systematic periodontal ther-
apy was observed for 8 out of 769 
and 5 out of 363 teeth with Empress 
2 and IPS e.max restorations, respec -
tively. No statistically significant  
correlation between the material 
(p = 0.766) and periodontal deterio-
ration was seen.

In the case of IPS e.max restora-
tions, crowns showed periodontal 
complications significantly more fre-
quently (p = 0.005) than partial 
crowns or inlays made of the same 
material (see Tables 1 and 2).

3.5 Secondary caries
Eight of the 769 Empress 2 and none 
of the 363 IPS e.max restorations de-
veloped secondary carious lesions 
during the observation period. 

Neither the comparison of ma-
terials nor the comparison of restora-
tion type showed statistically signifi-
cant differences (p > 0.061) (see 
Tables 1 and 2).

3.6 Premature contacts  
requiring adjustment 

Empress 2 restorations required oc-
clusal adjustment procedures signifi-
cantly more frequently (p = 0.037) 
than IPS e.max restorations (28 of 
769 versus 5 of 363).

The type of restoration, on the 
other hand, had no significant in-
fluence on the need for occlusal ad-
justment procedures (see Tables 1 and 
2).

3.7 Postoperative  
hypersensitivity

Postoperative hypersensitivity oc-
curred significantly more frequently 
in teeth with IPS e.max restorations 
(p = 0.001) compared to teeth with 
Empress 2 restorations (49 out of 
363 restorations versus 23 out of 
769 restorations).

IPS e.max crowns exhibited a 
higher risk of postoperative hyper-
sensitivity than partial crowns and 
inlays in this study (see Tables 1 
and 2).

4 Discussion
The incidence of complications was 
evaluated as a function of material 
and the type of restoration. The re-
sults can serve as a decision-making 
aid for the dental practitioner when 
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Number of 
treatments 

Fractures

Total

Crowns 

Partial crowns

Inlays

Root canal treatment

Total

Crowns

Partial crowns

Inlays

Decementation

Total

Crowns

Partial crowns 

Inlays

Periodontal complications

Total

Crowns

Partial crowns

Inlays

Secondary caries

Total

Crowns

Partial crowns 

Inlays

Occlusal adjustment procedures

Total

Crowns

Partial crowns

Inlays

Postoperative hypersensitivity

Total 

Crowns

Partial crowns

Inlays

Table 1 Complications consisting of fractures, root canal treatment, decementation, 
periodontal complications, secondary caries, occlusal interferences and postoperative 
hypersensitivity for Empress 2– und IPS e.max restorations

all restora-
tions

n

1132 

15 

10 

5 

0 

18 

8 

8 

2 

9

9 

0 

0 

13 

6 

0 

0

8 

2 

3

3

33

13 

16 

5 

72

39 

24 

9 

%

100

1.3

0.9

0.4

0

1.6

0.7

0.7

0.2

0.8

1.2

0 

0 

1.1

0.5

0

0

0.7

0.1

0.3

0.3

2.9

1.1

1.4

0.4

6.3

3.4

2.1

0.8

IPS e.max

n

769

12

7 

5 

0 

8

3

5

0

9

9

0

0 

8

1

5

2

8

2

3

3

28

8

15

5

23

7

10

6

%

67.9

1.6

3.3

1.6

0

0.7

1.4

1.6

0

0.8

4.2

0

0

0.7

0.5

1.6

0.8

0.7

0.9

1

1.3

2.4

3.7

4.8

2.1

2

3.3

3.2

2.5

IPS e.max

n

363

3

3 

0 

0

10

5

3

2

0

0

0

0

5

5

0

0

0

0

0

0

5

4

1

0

49

32

14

3

%

32.1

0.8

2.6

0

0

0.9

4.3

1.7

2.7

0

0

0

0

0.4

4.3

0

0

0

0

0

0

0.5

3.6

0.6

0

4,3

27,6

8,1

4

P

–

0.411

–

–

–

0.041

0.041

0.766

0.061

0.037

0.000
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selecting the material and type of res-
toration.

4.1 Fracture
There were no significant differences 
between the fracture rates of Empress 
2 and IPS e.max restorations in this 
study. However, significant differ-
ences between the restoration types 
were seen (p  <  0.04). Crowns made 
of both materials showed a signifi-
cantly higher probability of frac -
turing than inlays or partial crowns. 
A possible explanation for this may 
be the increase in defects per area; 
with increasing restoration size, the 
microcracks and pores responsible for 
failure also increase [35]. 

Furthermore, in vitro studies have 
shown that partial crown prepara-
tions have a very favorable stress dis-
tribution pattern under load [7]. This 
may, in combination with the pre-
dominantly enamel limited prepara-
tion [34], explain the significantly 
better fracture rates of partial crowns 
and inlays. 

In addition to the inherent de-
fects of the material, sufficient ma-
terial layer thickness and the adhe -
sive bond, the correct preparation 
also has a fundamental influence on 
the clinical success of glass-ceramic 
restorations [11, 19, 33]. Due to the 
retrospective study approach, it is not 
possible to track the material layer 
thicknesses and whether the prepara-
tion was appropriate for the material. 
An incorrect, possibly too angular, 
preparation and/or too little tooth 
substance removal for glass-ceramic 
crowns may also explain their in-
creased fracture rates compared to 
partial crowns and inlays.

The results found in literature 
correspond to those presented here 
with respect to the fracture rates of 
IPS e.max restorations [23], while the 
results on the fracture rates of Em-
press 2 restorations are significantly 
lower in this study compared to 
those reported in literature [12]. For 
example, a 10-year study on the sur-
vival probability of IPS e.max restora-
tions by Malament et al [23] showed 
a fracture rate of 0.3 %. However, in 
addition to single-tooth restorations, 
the study included three-unit bridges 
and one-wing adhesive bridges. No 
differentiation was made between the 

various types of restorations in terms 
of the fracture rates.

The fracture rate of 0.8 % of Em-
press 2 restorations was significantly 
lower in the present study compared 
to the values between 1 % and 
15.6 % reported in literature [8, 10]. 
However, it should be taken into ac-
count that the study design varied 
considerably. In a prospective 12-year 
study by Frankenberger et al [12], for 
example, a fracture rate of 12.5 % for 
Empress 2 inlays and onlays was 
seen. However, in their study, in ad-
dition to the fracture rates, the in-
fluence of different luting materials 
was investigated as well. It was found 
that restorations fractured more fre-
quently when they were cemented 
with a light-curing adhesive luting 
material compared to a dual-curing 
luting material [12]. However, the 
fracture rates were determined inde-

pendently of the luting material [12]. 
Since only dual-curing luting materi-
als were used in the current study, 
this may be a possible reason for  
the better results. In a retrospective 
11-year long study by Fradeani et al. 
[10] on the fracture rate of leucite-re-
inforced glass-ceramic crowns, a frac-
ture rate of 15.6 % was reported for 
posterior restorations over the study 
period. Only crowns were investi-
gated in their study. However, the re-
sults in this current study suggest 
that significant differences exist in 
the survival rates of different single-
tooth restorations (inlays, partial 
crowns and crowns). Since this study 
determined that crowns fractured sig-
nificantly more frequently than par-
tial crowns or inlays, and Fradeani  
et al. [10] exclusively investigated 
crowns, this may explain the con-
siderably lower values.
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Total fractures
Empress 2
IPS e.max

Total root canal 
treatments
Empress 2
IPS e.max

Total 
 decementations
Empress 2
IPS e.max

Total periodontal 
complications
Empress 2
IPS e.max

Total secondary 
caries
Empress 2
IPS e.max

Total occlusal 
 adjustment 
 procedures 
Empress 2
IPS e.max

Total postoper-
ative hypersen– 
sitivity
Empress 2
IPS e.max

Table 2 Separation of complications between the restoration types for Empress 2 and 
IPS e.max.

Crown

n

10
7
3

8
3
5

9
9
0

6
1
5

 
2
2
0

13
8
4

39
7

32

%

0.9
3.3
2.6

0.7
1.4
4.3

0.8
4.2
0.0

0.5
0.5
4.3

 
0.1
0.9
0.0

1.1
3.7
3.6

3.4
3.3

27.6

Partial 
crown

n

5
5
0

8
5
3

0
0
0

5
5
0

 
3
3
0

16
15
1

24
10
14

%

0.4
1.6
0.0

0.7
1.6
1.7

0.0
0.0
0.0

0.4
1.6
0.0

 
0.3
1.0
0.0

1.4
4.8
0.6

2.1
3.2
8.1

Inlay 

n

0
0
0

2
0
2

0
0
0

2
2
0

 
3
3
0

5
5
0

9
6
3

%

0.0
0.0
0.0

0.2
0.0
2.7

0.0
0.0
0.0

0.2
0.8
0.0

 
0.3
1.3
0.0

0.4
2.1
0.0

0.8
2.5
4.0

P

0.020
0.040

0.158
0.042

0.000
–

0.427
0.005

 

0.925
–

0.251
0.064

0.870
0.000
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A meta-analysis by El-Mowafy et 
al. [8] investigating the survival prob-
abilities and long-term clinical per-
formance of Empress 2 restorations 
showed slightly lower survival rates 
for Empress 2 crowns (ranging from 
92 % to 99 % after 3–3.5 years) com-
pared to inlays and partial crowns 
(ranging from 91 % and 96 % after 
4.5–7 years). These results correspond 
most closely to the results of the cur-
rent study. 

In literature, it has been reported 
that, in addition to the degradation (or 
corrosion) of silicate ceramic materials, 
adjustment procedures with the as-
sociated development of new crack 
nuclei are often responsible for the 
failure of a restoration [19]. However, 
literature on this topic is inconsistent: 
in a study by Ludovichetti et al. [20], 
no negative influence on the fracture 
strength of IPS e.max and Lava Ulti-
mate (Vita Enamic) samples was found 
after grinding and polishing proce -
dures, even after mechanical aging. In 
contrast, Schmitter at al. [29] demon-
strated a reduced fracture strength 
(560.6 ± 233.3 N vs. 535.5 ± 128.0 N) 
for zirconia crowns in the anterior re-
gion after incisal adjustment proce -
dures. This could not be confirmed in 
the current study. The survival prob-
ability of restorations that underwent 
adjustment procedures was 97.0 % 
compared to 98.7 % for restorations 
that did not undergo adjustment pro-
cedures (p = 0.426). Further clinical 
studies on this topic are needed to 
draw definitive conclusions.

The results of current study sug-
gest that there is a relationship be-
tween fracture rate and restoration 
size. Since crowns fractured signifi-
cantly more frequently than inlays 
and partial crowns, it is advisable to 
perform a risk analysis prior to pros-
thetic planning and material selec-
tion in order to be able to set the 
course for a more durable restoration 
in good time. Since the reasons for a 
fracture cannot be understood in de-
tail retrospectively, the adherence to 
material thickness is once again em-
phasized. 

4.2 Root canal treatment
In this study, root canal treatment 
was performed significantly more fre-
quently (p = 0.045) on teeth with IPS 

e.max restorations than on teeth 
with Empress 2 restorations. No sig-
nificant difference was determined 
when differentiating between the res-
toration types inlay, partial crown 
and crown.

A limited amount of literature 
exists regarding endodontic compli-
cations for glass-ceramic restorations. 
Failure rates due to endodontic com-
plications are reported to be between 
0.2 % and 2 % for IPS e.max restora-
tions [17, 30] and these are thus 
slightly lower than in current study. 

The degree of tooth substance 
destruction and the proximity of the 
defect to the dental pulp before resto-
ration were not recorded in this 
study. Since a correlation to the re-
storative material is rather improb-
able, it would be useful for future 
studies to consider other influencing 
factors such as the extent of the de-
fect, the indications for restorative 
treatment, the etching and adhesive 
system used and the luting material. 

Despite significant differences be-
tween the materials, both Empress 2 
as well as IPS e.max restorations dis-
play a low risk of requiring root canal 
retreatment.

4.3 Decementation
In the present study, 9 Empress 2 
crowns and no IPS e.max restorations 
became loose. The difference be-
tween the types of restorations was 
statistically significant for Empress 2 
restorations (p = 0.001), whereas 
there was no significant difference 
with respect to material. Crowns 
made of Empress 2 loosened signifi-
cantly more frequently than partial 
crowns or inlays made of the same 
material.

In literature, few comparable 
studies exist so far. In a study by van 
den Breemer et al. [41], 2 of 73 
(1.2 %) lithium disilicate restorations 
became loose over a period of 
15 years. Thereby, loosening was the 
third most frequent failure cause after 
fracture and secondary caries. In a 
systematic literature review, van den 
Breemer et al. [40] also showed that 
the bond strength of glass-ceramic 
restorations is significantly lower 
when the bond is purely in dentin 
compared to the bond in  
enamel. Since the dentin wound is 

greatest when crowns are prepared 
and it further decreases from the par-
tial crown to the inlay, this may po-
tentially explain the higher decemen-
tation rates of Empress 2 crowns that 
were determined in this study.

Likewise, the decementation of 
Empress 2 restorations has only been 
discussed in a few studies to date. 
This may be due to the fact that the 
loosening of a restoration – with its 
possible recementation – was not 
considered a failure, and thus, re-
mains unspecified in a large number 
of studies. 

Teichmann et al. [37] reported a 
decementation rate of 6.9 % after 
10 years in a prospective study on the 
complication and survival rates of li-
thium disilicate restorations. These 
results are considerably higher than 
the values of 1.1 % after 15 years de-
termined in the present study. In 
their study, Teichmann et al. in-
cluded both conventionally and ad-
hesively cemented restorations. In 
the current study, dual-curing adhe -
sive luting materials were exclusively 
used to cement the restorations. This 
may be a reason for the different re-
sults. Studies have demonstrated re-
peatedly that the shear, tensile and 
bond strengths of adhesive luting 
materials are significantly superior to 
those of conventional luting cements 
[3, 4, 24, 26, 40]. Given that the dece-
mentation rates of conventionally  
cemented glass-ceramic restorations 
differ significantly from adhesively 
luted cements [25], this can explain 
the different results. 

The results of the current study 
suggest that, apart from the in-
fluences described in literature re-
garding surface conditioning, the  
luting material applied and the re-
maining tooth substance [25, 40], the 
shape of the restoration can also have 
an influence on decementation of 
the restoration. 

However, since the position of 
the crown margin (supragingival or 
subgingival) was not recorded in this 
study, and given that its position has 
a significant influence on the likeli-
hood of absolute moisture control, 
and consequently on the possibility 
of errors occuring during adhesive ce-
mentation, it is advisable to integrate 
it in future studies.
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4.4 Periodontal problems
Five of 111 teeth which were treated 
with IPS e.max crowns showed peri-
odontal complications. Teeth with 
partial crowns and inlays made of  
the same material were not affected. 
Crowns therefore exhibited peri -
odontal complications significantly 
more frequently (p = 0.005) than in-
lays or partial crowns. 

No significant differences existed 
between the Empress 2 and IPS e.max 
materials.

These results are concordant with 
recent literature. Ababnaeh et al. [1] 
determined that Class II restorations 
exhibited the highest probing depths 
as well as the highest plaque in- 
dex, Class V restorations showed the  
highest attachment loss and crowns 
displayed the highest gingival index 
in the area of the restoration margin. 
All of these restorations have the 
preparation margin localized near the 
cementoenamel junction, free gingi-
va and subgingival area in common. 

In the present study, other in-
fluencing factors such as the applied 
luting material, the adhesive system, 
the position and integrity of the 
crown margin and the plaque index 
were not included. Due to the retro-
spective design, these factors could 
not be obtained from the patient re -
cords with the necessary consistency 
and methodology which is required 
for clear evaluation. In the current 
study, only the need for systemic 
periodontal therapy was considered 
a criterion for periodontal compli-
cations. Further information such as 
the PSI, the plaque index, the attach-
ment level or the position and integ-
rity of the crown margin can be help-
ful in order to include and differen-
tially consider the multifactorial in-
fluences that can lead to damage.

Nevertheless, ceramic restorations 
generally show a high biocompatibil-
ity and are described as being very 
well tolerated periodontally [1]. This 
is reflected in this study. Hence, peri-
odontal treatment was required in 
only 1 % of all Empress 2 and 1.4 % 
of all IPS e.max restorations.

4.5 Secondary caries
Secondary caries required treatment 
in 1 % of all Empress 2 restorations 
and in none of the IPS e.max restora-

tions. They therefore represent the 
rarest complication. No statistically 
significant differences existed be-
tween the materials, Empress 2 and 
IPS e.max, and the various types of 
restorations.

In various meta-analyses [8, 39], 
secondary caries represented the 
most frequent complication of glass-
ceramic restorations. 

Since sociodemographic factors 
are known to influence caries preva-
lence [6, 16], they may possibly rep-
resent a cause for the discrepancy in 
results between literature and this 
study. The patient collective in this 
study stemmed from a private dental 
practice; a more sociodemographi-
cally diverse patient collective would 
be desirable in future studies. In addi-
tion, the collection of patients’ 
plaque indices and oral hygiene hab-
its could potentially provide in-
formation about patient-related in-
fluencing factors.

4.6 Premature occlusal  
contacts

There was a significant difference 
(p = 0.037) with regard to the pre-
mature occlusal contacts between 
Empress 2 (3.6 %) and IPS e.max 
(1.4 %). No differences existed with 
regard to the type of restoration.

In literature, the occlusal fit of IPS 
e.max restorations is rated as being 
very good [9]. Comparable studies for 
Empress 2 restorations are not avail-
able in literature.

It should be taken into account 
that the number of placed restora-
tions has an influence on the need 
for premature occlusal contacts to be 
adjusted. In patients that required oc-
clusal adjustments, an average of 
8.8 restorations were placed, whereas 
in patients without the need for  
occlusal adjustments, an average of 
only 4.5 were placed. This indicates 
that, in addition to the material, the 
number of restorations can also have 
an influence on occlusal interfer-
ences. 

An increased number of restora-
tions is also indicated in the case of 
changes in the occlusion. The sagit-
tal and vertical rehabilitation of the 
occlusion comprises of many inter-
mediary steps which can contribute 
to cumulative occlusal defects. In 

this study, all patients who received 
glass-ceramic restorations due to a 
change in occlusion were pretreated 
with a splint. Bite registration was 
performed in the centric condylar 
position. 

The causes for the reconstruction 
of the occlusion and tooth hard sub-
stance can be manifold; parafunc-
tional abrasions and erosions repre-
sent a widespread indication. This 
should be considered given that pa-
tients, who already showed parafunc-
tions before therapy, can also react 
more sensitively to disturbances in 
occlusion after.

In this study, 3 of the 7 patients 
with occlusal dysfunctions displayed 
signs of severe bruxism in the form of 
myopathy as well as occlusal wear  
facets not concordant with age, while 
another 2 of 7 patients displayed 
moderate bruxism. Only 2 patients 
showed no symptoms which would 
be indicative of this parafunction. 
Thus, in further studies, the connec-
tion between the indication for reha-
bilitation, the number of restorations 
and bruxism activity together with 
the occurrence of posttherapeutic oc-
clusal interferences should also be in-
vestigated. 

As discussed previously under the 
heading “4.1. Fracture” in this study, 
increased fracture rates could not be 
determined after occlusal adjust-
ments were performed.

4.7 Postoperative  
hypersensitivity

Postoperative hypersensitivity was 
observed significantly more fre-
quently for IPS e.max restorations, es-
pecially crowns, than for Empress 2 
restorations. 

In literature, similar results have 
been reported for Empress 2 restora-
tions. In 2010, Van Dijeken et al. [42] 
described that persistent hypersensi-
tivity lasted 2–4 weeks for 3 % of the 
restorations, while Krämer et al. [18] 
reported hypersensitivity in 4 % of 
Empress 2 inlays up to 4 years after 
placement. The restorations were ad-
hesively cemented in both studies 
(Van Dijeken: three 3-step etch-and-
rinse systems and two 2-step etch-
and-rinse systems, Krämer: EBS 
Multi/Compolute [3M Espe] and Syn-
tac/Variolink II).
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Comparable studies are lacking 
for lithium disilicate ceramics. In a 
prospective 10-year study on three-
unit bridges with a lithium disilicate 
ceramic framework, Solá-Ruiz et al. 
[32] determined reversible postoper-
ative hypersensitivity in 14.3 % of 
cases. This would be consistent with 
the result obtained in this study.

Even if various causes for post-
operative hypersensitivity exist, such 
as increased thermal conductivity of 
the restorative material or prepara-
tion close to the pulp, postoperative 
hypersensitivity is currently believed 
to be primarily associated with adhe -
sive restorations or adhesive restora-
tive materials. 

The reason for this – according to 
the hydrodynamic theory of Bränn-
ström and Atström [15] – has to do 
with intratubular fluid movements 
which arise due to small gaps be-
tween dentin and composite. If the 
dentinal canals are not completely 
sealed by the applied bonding sys-
tem, dentinal fluid can leak out and 
cause irritation of the A-δ fibers dur-
ing occlusal loading. 

The use of dual-curing adhesives 
and phosphoric acid is considered 
another risk factor for the occurrence 
of postoperative hypersensitivity 
[15]. However, since both phosphoric 
acid as well as dual-curing adhesive 
luting materials (Variolink II [Ivoclar 
Vivadent], G-Cem [GC], RelyX [3M 
Espe], Tetric EvoFlow [Ivoclar Viva-
dent], Panavia SA Cement [Kuraray], 
G-Cem [GC], Filtek Supreme [3M 
Espe], PermaCem [DMG]) were used 
to condition the tooth hard sub-
stance and cement the restorations 
for both types of restorative materials 
(IPS e.max and Empress 2) in this 
study, the significant differences with 
regard to hypersensitivity cannot be 
explained by this. 

The cause for the differences be-
tween the types of restorations could 
be related to the size and depth of 
the dentin wound. Though the size 
of the dentin wound is greatest for 
crown preparation, it decreases pro-
gressively from partial crown to inlay. 
This is also reflected in the deter-
mined values.

Nevertheless, this does not ex-
plain the difference between the ma-
terials because no significant differ-

ences for Empress 2 restorations with 
3.3 % of crowns, 3.2 % of partial 
crowns and 2.5 % of inlays were de-
termined.

Since both Empress 2 and IPS 
e.max restorations showed very good 
results in terms of their biocompati-
bility, chemical resistance, cytotoxic-
ity and sensitization potential in vari-
ous studies [2, 27, 28], the toxicologi-
cal properties inherent in the materi-
al appear unlikely to be the cause of 
postoperative hypersensitivity. There 
were no significant differences be-
tween Empress 2 and IPS e.max resto-
rations with regard to the distribu-
tion of restoration type, patient age 
or gender; this may explain the in-
creased hypersensitivity of IPS e.max 
restorations. 

Due to the retrospective study de-
sign, it is no longer possible to thor-
oughly trace the differences with re-
gard to the etching and adhesive sys-
tems applied. This may be a possible 
reason for the increased hypersensi-
tivity of IPS e.max restorations.

5 Conclusions
In summary, both Empress 2 and IPS 
e.max restorations showed good 
clinical results and an acceptable 
level of complications in daily dental 
practice. Occlusal adjustments do not 
appear to increase the fracture rate of 
glass-ceramic restorations. Decreased 
bonding to the enamel surface, how-
ever, increases the risk of fracture, 
decementation, periodontal compli-
cations and postoperative hypersensi-
tivity.

Postoperative hypersensitivity, 
root canal treatment and periodontal 
complications occurred significantly 
more frequently for IPS e.max than 
for Empress 2 restorations in this 
study. 

Given the proven, very good toxi-
cological properties of both ceramics 
[2, 27, 28], the results of this study 
suggest that further studies on glass-
ceramic restorations should be con-
ducted to explore factors which were 
not investigated in this study. These 
studies should consider factors such 
as the close proximity to the pulp 
and subgingival localization of resto-
rations, as well as, the etching and 
adhesive systems or luting materials 
applied. 
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RESEARCH ORIGINAL ARTICLE

Carolin Rehnisch, Oskar Feußner, Isabell Klima, Nadja Rabkow, Lilith Pukas, Alexandra Sapalidis,   
Emilia  Ehring, Lea Keuch, Stefan Watzke

Depressive symptoms in dentistry 
students – prevalence, risk factors 
and resilience factors

Introduction: Depression is a leading cause of illness-related disability world-
wide. An initial peak of illness is recorded in the young adult years. Among 
epidemiologic studies of young people, studies of students are primarily avail-
able. The mental health of dental students has received little research atten-
tion. Many students subjectively report mental health complaints, while 
studies on this topic are scarce nationally and internationally. This study in-
vestigates the mental health of dental students at a medium-sized German 
university.

Methods: A sample of n = 153 dental students completed the Beck Depression 
Inventory-II to assess depressive symptoms, the NEO Five-Factor Inventory to 
assess the personality trait neuroticism, and a self-description and study ques-
tionnaire that included 8 risk factors, 5 study-related stress factors, and 8 resil-
ience factors described in literature.

Results: 41,8  % of the students showed mild (18,3  %), moderate (17,0  %), or 
severe (6,5  %) depressive symptoms. 5 potential risk factors, 4 potential stress 
factors and 5 potential resilience factors were identified, which also revealed a 
cumulative effect: The more risk and stress factors the students indicated, the 
more depressive symptoms they showed. The opposite was true for the resil-
ience factors.

Discussion: The prevalence of depressive symptoms in dental students ex-
ceeds that of both the general population and previous national and inter-
national studies of depressive symptoms in students. Neuroticism and the use 
of drugs and medications are potential risk factors, and excessive demands 
and pressure to perform are study-related stress factors. Emotional support and 
satisfaction with studies have a protective effect against depressive symptoms.

Conclusion: The results are of great significance not only because of the cur-
rent psychological strain on dental students but also regarding their role in 
the health care system. Students should be informed and sensitized regarding 
this issue. Specific education on depression is useful to destigmatize the issue 
and raise awareness of the condition. University programs can also contribute 
to an early recognition and prevention of depressive symptoms to protect the 
mental health of potential future dentists.

Keywords: dentistry students; mental health; depression; depressive symp-
toms; prevalence; risk factors; resilience factors; prevention
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1 Introduction
According to the Global Burden of 
Disease Study of the WHO, depress-
ion is one of the main causes of dis-
ease-related disability worldwide [45], 
has an alarmingly high share of the 
global burden of disease and ranks 
eleventh among the causes of disabil-
ity-adjusted life years (DALYs) [38]. 
Mental disorders account for 22.7 % 
of DALYs worldwide, while caries, 
periodontitis and edentulism account 
for only 6.1 % [45]. The point preva-
lence for depression in the German 
general population is 8.1 % (women: 
10.2 %, men: 6.1 %) [10]. Lifetime 
prevalence is reported to be 19 %, 
and women are affected twice as 
often as men (25 %, 12 %) [46].

A first peak of the disease is rec-
orded in the young adult years. For 
both sexes, the prevalence of relevant 
depressive symptoms of disturbance 
value is highest among 18- to 
29-year-olds (women: 11.8 %, men: 
8.0 %); it decreases with increasing 
age [10].

Among epidemiologic studies of 
young people, studies for students are 
most available. In 2016, Rotenstein 
and colleagues reported a prevalence 
of depressive symptoms of 27.2 % in 
a meta-analysis of 183 papers and 
n = 122,356 medical students from 
43 countries [40]. An ongoing study 
(Pukas et al., in preparation) investi-
gated the psychological distress of 
medical students at a medium-sized 
German university. Of the students 
surveyed, 19 % had a BDI-II sum 
score indicative of mild, moderate, or 
severe symptomatology. Two other 
papers from this group by Kindt et al. 
[32] and Rabkow et al. [39] show a 
point prevalence of 28 % and 33.4 %, 
respectively, for undergraduate stu-
dents in psychology and law, respect-
ively, indicating at least mild depress-
ive symptomatology.

Certain risk factors have been 
confirmed for the multifactorial gen-
esis of depressive disorders. A distinc-
tion is made between biological and 
psychosocial factors.

Biological factors include genetic 
predisposition [34], female gender 
[10], and neurobiological and hor-
monal changes [3, 9]. Psychosocial 
factors include low socioeconomic 
status [11], growing up in the former 

East Germany [43], critical life events 
[31], financial worries [1], use of alco-
hol, drugs, or medication to calm 
down or enhance performance [6, 25, 
33], and the personality trait neuroti-
cism [15, 36].

Factors explicitly associated with 
students are exam and performance 
pressure [1], competitive behavior 
among students [19], experience of 
being overwhelmed, a subjectively 
perceived heavy workload and time 
pressure [29, 37], and loneliness 
[12, 39].

While the mental health of medi-
cal students is increasingly becoming 
the focus of public attention, both 
internationally and nationally, the 
mental health of dental students has 
received little attention to date. How-
ever, there is little difference in the 
risk- and study-related stressors of the 
two courses, suggesting similar symp-
tomatology.

A national study from Giessen 
with n = 101 dental students com-
pared to n = 237 medical students 
concluded that one in five dental stu-
dents showed mild to moderate de-
pressiveness according to BDI-II. 
Medical students were more satisfied 
with their studies than dental stu-
dents despite heavier workloads [28].

In addition to the pressure of suf-
fering during studies, the con-
sequences for the later profession 
must also be taken into account. 
Physicians suffering from depressive 
symptoms have been shown to com-
mit more professional errors than 
non-depressed colleagues [17, 18]. 
Negative effects can also be sus-
pected in dentists. Höfel [24] and 
Heinze [22] emphasize the com-
paratively greater risk among den-
tists of suffering from mental and 
psychosomatic illnesses than among 
medical colleagues. Dentists are ex-
posed to high time and organi -
zational pressure due to bureaucratic 
requirements of health insurance 
companies and quality manage-
ment. In contrast to other medical 
professions, dentists are often con-
fronted with very anxious patients 
whose psychological problems be-
come particularly apparent in stress-
ful situations. In addition, precise 
treatment in the very small area of 
the oral cavity under unhealthy pos-

ture and close patient contact is very 
strenuous [22, 24].

Finally, there are only insufficient 
empirical findings on the burden of 
depressive symptoms and relevant 
risk factors for dental students in Ger-
many.

The aim of the present study is to 
assess the prevalence of depressive 
symptoms among students and to 
identify risk and resilience factors as-
sociated with depressive symptoms.

2 Materials and methods

2.1 Sample
The data of the present study was col-
lected in the summer semester 2019 
from April to May at the Martin 
Luther University Halle-Wittenberg. 
Of n = 188 enrolled dental students 
in all semesters, n = 153 (81.4 %) par-
ticipated in the survey. The sample 
included n = 33 (21.6 %) second sem-
ester students, n = 23 (15 %) fourth 
semester students, n = 37 (24.2 %) 
sixth semester students, n = 30 (19.6) 
eighth semester students, and n = 30 
(19.6 %) tenth semester students. The 
mean age of the students was 
23.7 years (range: 18 to 38 years). 
Among the subjects, n = 96 (62.7 %) 
were female and 57 (37.3 %) were 
male students.

2.2 Study design
The depressiveness of dental students 
was quantitatively assessed in the 
form of a cross-sectional analysis. 
Risk, stress, and resilience factors 
were additionally surveyed. Self-re-
port questionnaires were used for the 
survey. These were taken from a 
study on depressive symptoms in 
medical and law students, respect-
ively [39], and were adapted only 
with regard to some formulations 
(e.g., “dental studies” instead of 
“medical studies”). The responsible 
ethics committee voted positively for 
the study (Vote No. 2017-138, 
Amendment 03/ 19).

Students were informed about the 
aim of the study, the voluntary and 
anonymous nature of participation, 
and the possibility to withdraw from 
the survey at any time. Data were 
kept confidential at all times during 
the study in accordance with the 
Data Protection Act.
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2.3 Measuring instruments
The self-description and study ques-
tionnaire included 68 questions on 
sociodemographic variables and pos -
sible risk, stress, and resilience factors 
related to depression. The first part of 
the questionnaire contained ques-
tions on self-description, and the sec-
ond part contained questions on 
study. A total of 13 risk factors, in-
cluding 5 study-related stress factors 
and 8 resilience factors, were re -
corded using this questionnaire, 
which are shown in Table 1 and de-
scribed in more detail below.

Risk factors
The risk factor familial burden of 
mental illness is present if a first- or 
second-degree family member (sib-
ling, parent, or grandparent) is or 
was undergoing treatment for a men-
tal illness, excluding dementia. Fe-
male gender is assumed to be a risk 
factor if the “biological sex” item is 
answered “female.” If students grew 
up in one of the 5 eastern states of 
Germany, the risk factor of growing 
up in the new states is present. Low 
economic status is assumed if at least 
one of the following response alter-
natives applies to both the father 
and the mother of the family of ori-

gin: “no school qualification”, 
“lower secondary school” or “un-
skilled professional activity”. The 
risk factor loss of a parent in child-
hood is present if participants indi-
cate having lost mother or father 
through death or separation. Finan-
cial stress is assumed if students have 
“sometimes too little” or “often too 
little” financial resources or if partici-
pants indicate that they are “usually 
under a lot of financial pressure.” 
The risk factors of alcohol consump-
tion or use of drugs and medications 
are present if students consume 8 
(male) or 6 (female) drinks per occa-
sion more than once a month or if 
they use drugs or medications to 
calm down or enhance performance. 
The risk factor neuroticism is as-
sessed using a separate questionnaire 
and explained in the corresponding 
section.

Stress factors
Daily stresses during studies are sur-
veyed with the question “Are there 
things that make it difficult for you 
to be happy with your study deci-
sion?” Competition among students, 
time constraints, pressure to perform, 
excessive demands and loneliness are 
considered as stress factors.

Resilience factors
If students answer “Yes” to the item 
“Do you use specific techniques for 
relaxation (e.g. yoga, PMR […   ]), it is 
assumed that the resilience factor is 
present. Satisfaction with the studies 
is assumed to be present in the case 
of a positive response to the ques-
tions “Do you enjoy your studies?”, 
“From today’s perspective, would you 
decide to study dentistry again?” and 
“Overall, how satisfied are you with 
your studies?”. The importance of re-
ligion counts as a resilience factor if 
students rate it as “extremely import-
ant” or “moderately important. The 
resilience factor healthy nutrition is 
present if the items “Do you eat regu-
lar meals?” and “Do you pay atten-
tion to healthy nutrition?” are 
answered positively. When answering 
the questions “How many hours per 
week do you actively exercise?” with 
“more than two hours per week” and 
“How many hours per week do you 
actively play music?” with “more 
than one hour per week,” these same 
resilience factors are considered.

Sufficient emotional support and 
social contacts are taken as given 
when answering the items with 
“enough” or “more than enough”.

The Beck Depression Inventory-II 
(BDI-II [5]) was used to assess depress-
ive symptoms. The BDI-II is an estab-
lished self-report instrument that 
measures the severity of depressive 
symptoms within the last 2 weeks. 
Although the BDI-II is not suitable 
for diagnosing depressive disorder, it 
is used in both clinical and healthy 
subjects and has reliable classification 
criteria [23]. Symptoms of depression 
are recorded based on 21 items. Each 
item is answered using a 4-point Li-
kert scale, and the item values are 
added to a sum score (0–63 points). 
The psychometric parameters of the 
BDI-II are reliable in both clinical and 
non-clinical samples and show good 
objectivity, reliability and valid-
ity [23].

The NEO Five-Factor Inventory 
(NEO-FFI) is also a self-report instru-
ment [8]. It is used to assess personal-
ity traits according to Costa and 
McCrae [15]. In the past, a relation-
ship between the factor neuroticism 
and depression has been confirmed 
[36], which is why only the subscale 

Risk factors

Family history of mental illness 

Growing up in NBL

low socioeconomic status of 
family of origin

Separation of parents/loss of 
parent in childhood

Financial burden 

Alcohol abuse 

Drug/medication abuse

Neuroticism

Table 1 Presentation of risk, stress and resilience factors extracted from the literature 
with reference to depressiveness

Stress factors

Experienced competi-
tion between students 

Perceived increased 
time pressure

Experience of being 
overwhelmed

Pressure to perform

Loneliness

Resilience factors

Use of relaxation 
 techniques

Satisfaction with 
studies

Significance of religion

Healthy diet

Actively making music

Actively participating 
in sports

Experienced emo-
tional support

Sufficient social 
 contacts
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neuroticism from the current edition 
of the NEO-FFI is used in this ques-
tionnaire. Neuroticism describes the 
tendency to emotional lability, high 
stress sensitivity, anxiety and sadness, 
irritability, anger, rage, and easy vul-
nerability [20]. Correlations of neur-
oticism and depression are generally 
described as high [30, 36]. For its 
part, neuroticism has a strong genetic 
component, which in turn is associ-
ated with alterations in cortisol re-
lease, attentional and learning pro-
cesses, and consequently has a strong 
correlation with the genetics of de-
pressive disorders [44]. The subscale 
consists of 12 items, each of which is 
answered using 5-point Likert scales. 
The responses in the items are 
summed (after reversing the polarity 
of individual items) to give a total 
score, and the total score is divided 
by the item number. This results in a 
mean value, which can be between 0 
and 4. The higher the mean, the 
stronger the expression of the per-
sonality trait neuroticism; a score 
above 2.54 represents one standard 
deviation above the age-related popu-
lation mean. The risk factor neuroti-
cism was assumed to be present in 
the present study if the individual 
score was above this cut-off.

2.4 Evaluation
The collected data was analyzed 
using the statistical software “Statisti-
cal Package for Social Sciences” (SPSS 
25.0). The sociodemographic descrip-
tion of the total sample as well as the 
determination of the prevalence of 
depressive symptoms and the de-
scription of the total sample with re-
gard to the BDI-II sum score were car-
ried out using descriptive statistics 
and the determination of absolute 
and relative frequencies. The frequen-
cy of occurrence of each risk, stress, 
and resilience factor was also de-
scribed using descriptive statistics 
and the determination of relative fre-
quencies. Due to violated normal dis-
tribution assumptions in the BDI-II 
sum score (Kolmogorov goodness-of-
fit test: Z = 0.127; p < 0.001), associ-
ations between it and the recorded 
risk and resilience factors were deter-
mined using Spearman rank cor-
relation. Due to the calculation of 
multiple correlations in each case, 

the critical -error level in each vari-
able group was Bonferroni-corrected. 
Finally, to account for the intercor-
relation of the included variables and 
to correct for multicollinearity, a 
multivariate linear regression model 
(stepwise with pin = 0.05 and pout = 
0.10) was calculated to predict the 
BDI-II sum score including all uni-
variate significantly correlating vari-
ables.

3 Results

3.1 Results of the BDI II sum 
score

Including all students surveyed 
(n = 153), the mean BDI-II sum score 
was M = 13.2 points (SD = 8.80). 
Norm scores of university students 
are reported by Beck and colleagues 
[5] and given as M = 12.6, SD = 9.9. 
Compared to this sample, no deviant 
scores are found in the collective 
studied here (t = 0.801; p = 0.424). 
However, when compared to stu-
dents in other fields of study studied 
at the same university, deviations are 
found. Kindt et al. [32] reported 
M = 9.95 (SD = 7.34) for n = 109 stu-
dents in an undergraduate psychol-
ogy program and M = 8.84 
(SD = 7.12) points in the BDI-II for 
n = 564 students in preclinical 
human medicine. Rabkow et al. [39] 
studied n = 306 law students and 
found a mean BDI-II score of 11.9 
(SD = 8.45) points. In the present 
study, scores deviating from this were 
found in comparison to psychology 
students (t = 4.53; p < 0.001) and to 

human medicine students (t = 6.01; 
p < 0.001), but not to law students 
(t = 1.79; p = 0.076).

An elevated BDI-II sum score was 
recorded in n = 64 of 153 students 
(41.8 %) (≥14 p.), and a scale score in-
dicative of major depression (≥ 29 
points) was found in 10 (6.5 %) den-
tal students [5].

Women and men do not differ 
significantly in the extent of depress-
ive symptoms (t = 0.771; p = 0.441). 
However, a significant difference in 
symptom burden is found between 
included semesters (F[df = 4] = 5.58; 
p < 0.001; see Table 2). Post hoc indi-
vidual comparisons show that this 
global difference is due to increased 
scores in the 10th FS. Students in this 
group differ significantly from all 
other semester groups in post hoc 
analyses (all p < 0.04).

The BDI II items with the most 
frequent elevated scores in the pres-
ent sample were change in sleep be-
havior, fatigue, loss of energy, self-
criticism, lack of concentration, and 
irritability. The items worthlessness, 
feelings of punishment, and suicidal 
ideation had the lowest scores. The 
question about suicidality was 
answered affirmatively by 19 (12.4 %) 
students, but only the phrase “I have 
suicidal thoughts, but I would not 
carry them out.” (item value = 1) was 
used.

3.2 BDI-II sum score in relation 
to risk factors

Table 3 shows the bivariate cor-
relations between BDI-II sum score 

BDI-II-total score

Semester of study

2 (n = 33)

4 (n = 23)

6 (n = 37)

8 (n = 30)

10 (n = 30)

Total (n = 153)

Table 2 BDI-II total scores in semester levels

M

10.2

11.3

13.2

11.8

19.2

13.2

SD

8.1

7.5

8.3

8.2

9.2

8.8

MD

8

10

12

8.5

17.5

11

Range

0–30

0–30

1–28

1–32

5–34

0–34
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and the risk factors as well as the 
relative frequencies (prevalence) of 
the students’ risk factors.

Significant correlations emerged 
between the BDI-II sum score and the 
risk factors neuroticism and use of 
drugs and medications. Loss of a par-
ent in childhood, financial worries, 
and family history of mental illness 
showed small tendential correlations, 
but these did not reach statistical sig-
nificance after Bonferroni correction. 
The characteristics of female gender, 
growing up in the new German 
states, low socioeconomic status, and 

alcohol consumption did not prove 
to be significantly associated with de-
pressiveness in the sample studied.

The individual sum of all risk fac-
tors correlates significantly with the 
BDI-II sum score (r = 0.39; p < 0.001) 
(see Figure 1).

A stepwise linear regression 
model including all significantly 
correlating variables clarifies a total 
of 59 % of the variance in the indi-
vidual BDI-II sum score; neuroti-
cism (R² = 0.57) and drug use re-
main as significant predictors in the 
model. The variance inflation factor 

(VIF) of the included predictors was 
1.03; collinearity is therefore negli-
gible.

3.3 BDI-II sum score in the 
context of stress factors

Table 4 shows the bivariate cor-
relations between each study-related 
stress factor and the BDI-II sum score 
and the frequency of the stress fac-
tors.

Significant correlations emerged 
between the BDI-II sum score and the 
following 4 stress factors: Overwork, 
Pressure to Perform, Loneliness, and 
Time Pressure.

Concordant to the risk factors, 
the sum of study-related stress factors 
also correlated significantly with the 
BDI-II sum score (r = 0.41, p < 0.001). 
Accordingly, the more stress factors 
students report, the higher the BDI-II 
sum score. The relationship is illus-
trated in Figure 2 by boxplots show-
ing the distribution of the BDI-II sum 
score for the respective number of 
stress factors present.

In a joint stepwise linear regres-
sion model, excessive demands and 
pressure to perform jointly clear up 
13 % of the variance in the individual 
BDI-II sum score (VIF = 1.08).

3.4 BDI-II sum score in the con-
text of resilience factors

Table 5 shows the bivariate cor-
relations between the individual resil-
ience factors and the BDI-II sum 
score and the respective prevalence of 
the resilience factors.

Significant correlations were 
found between the BDI-II sum score 
and the following 5 resilience factors: 
sufficient emotional support, satisfac-
tion with studies, sports, social con-
tacts, and healthy diet. The factors 
use of relaxation techniques, import-
ance of religion, and active music 
making were not found to be signifi-
cantly associated with depressiveness 
in the sample studied

The sum of resilience factors cor-
related significantly negatively with 
the BDI-II sum score (r = –0.50; 
p < 0.001, see Figure 3).

A stepwise linear regression 
model explains 37 % of the variance 
of the individual BDI-II sum score. 
The largest proportion of explained 
variance comes from emotional sup-

Figure 1 Distribution of BDI-II sum score for individual sums of present risk factors 
using boxplots (mean, interquartile range, and range)

Risk factor

(1) family burden with mental illness

(2) grew up in NBL

(3) low socioeconomic status

(4) loss of parent

(5) financial burden9

(6) alcohol use

(7) drugs/medication

(8) neuroticism (> M + 1 SD)a

Table 3 Bivariate correlations (Spearman rank correlation) between risk factors and 
BDI-II sum score, prevalences of risk factors within student group
r = Pearson correlation coefficient, total sample n = 153,   

BDI-II = Beck Depression  Inventory-II, NBL = new federal states.

a Neuroticism as a scale score correlates to r = 0.737*** with the BDI-II sum score.

* pcrit < 0,006 (Bonferroni-correction)

BDI-II- toal scores
r

0.17

0.07 n.s.

0.11 n.s.

0,19

0,18

–0,04

0,31*

0,58*

prevalence  
(%)

36.4

74.0

2.7

13,2

26,7

23,3

11,3

22,9
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port (R² = 0.23), followed by satisfac-
tion with studies (additional 
R² = 0.10) and sports (additional 
R² = 0.04, all VIF < 1.1).

A final model including the sig-
nificant predictors of the individual 
variable groups yields a joint variance 
explanation of R² = 0.66 (all VIF = 1). 
The most significant predictors of de-
pressive symptoms in the model are 
neuroticism, emotional support, 
sports, satisfaction with studies, 
pressure to perform, and excessive 
demands.

4 Discussion
Depressive symptoms are common in 
the general population [10]. This 
study investigated the previously 
poorly studied mental health situ-
ation of dental students in their indi-

vidual semesters. Risk factors, stress 
factors, and resilience factors associ-
ated with depressive symptoms were 
also collected. Consequently, the aim 
of the study was to assess the preva-
lence of depressive symptoms in den-
tal students and to clarify the in-
fluence of risk and resilience factors 
on students’ mental health. Last but 
not least, this should contribute to 
the development of preventive 
measures against mental overload for 
future dentists.

4.1 Discussion of the results of 
the BDI-II

The average BDI-II sum score only 
minimally exceeds the norm values 
of university students reported by 
Beck et al. [4], but it shows to be ele -
vated in comparison to the scores of 

psychology and human medicine 
students in the preclinical section 
collected by Kindt et al. [32] and Rab-
kow et al. [39], as well as to the scores 
for law students determined by Rab-
kow et al.

The prevalence of at least mild 
depressive symptoms is 41.8 %, 
which is higher than that of 18- to 
29-year-olds from the general popu-
lation (women: 11.8 %, men: 8.0 %) 
[10]. Furthermore, the prevalence ex-
ceeds the findings of Rotenstein et al. 
(27.2 %), Jurkat et al. (20 %), Pukas et 
al. (19 %), Kindt et al. (28 %), and 
Rabkow et al. (33.4 %) [28, 32, 39, 
40], thus underscoring the greater 
average burden of dental students.

However, the survey contains 
only data that emerges from the stu-
dents’ self-assessment. These self-re-
ported depressive symptoms cannot 
be equated with a sound clinical di-
agnosis made by professional staff.

Nevertheless, the BDI-II is the 
gold standard for assessing the sever-
ity of depressive symptoms. The psy-
chometric scores are reliable in both 
clinical and nonclinical samples and 
have good objectivity, reliability, and 
validity [23].

4.2 Discussion of results on 
risk factors, stress factors, 
and resilience factors

Risk- and study-related stress factors 
were assessed using self-description 
questionnaires. Neuroticism, use of 
drugs and medication, loss of a par-
ent in childhood, financial worries, 
and family history correlate signifi-
cantly. Of the study-related stress fac-
tors, overwork, pressure to perform, 
loneliness, and time pressure cor-
relate significantly with depressive-
ness. The BDI-II sum score is higher 
the more risk or stress factors the stu-
dents have.

Risk factors
The risk factor neuroticism shows the 
greatest correlation with the BDI-II 
sum score. On the one hand, emo-
tionally unstable individuals are at 
increased risk for depressive symp-
toms [36], on the other hand, de-
pressive states influence the self-as-
sessment of the trait neuroticism 
[21]. The second strongest correlation 
is found for the risk factor use of 

Figure 2 Distribution of BDI-II sum score for individual sums of present risk factors 
using boxplots (mean, interquartile range, and range)

Stress factor

(1) Competition among students

(2)  Time pressure

(3)  Excessive demands

(4)  Pressure to perform

(5)  Loneliness

Table 4 Bivariate correlations (Spearman rank correlation) between stress factors and 
BDI-II sum score, prevalences of stress factors within student groups
Notes: r = Spearman rank correlation coefficient, total sample n = 153, BDI-II = Beck Depression Inventory-II

* p < 0,01 (Bonferroni-correction)

BDI-II-total score
r

0.13 

0.16

0.34*

0.28*

0.20*

Prevalence 
( %)

7.8

66.0

34.6

64.7

13.7
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drugs and medications with a high 
BDI-II sum score, as also found in 
other works [25, 33]. A positive corre-
lation between the prevalence of de-
pressive episodes and the loss of a 
parent was postulated by Kendler [31] 
and can only be confirmed to a lim -
ited extent in the present study. After 
correction for the critical alpha error 
level due to multiple comparisons, 
this feature fails to reach statistical 
significance. However, follow-up 
studies with larger samples should 
continue to investigate this feature. 
Depressiveness represents a multifac-
torial phenomenon. Variables with 

smaller effects should therefore not 
be neglected, as they certainly con-
tribute additively to the individual 
experience of stress.

Similarly, findings on financial 
strain and a positive family history of 
mental illness showed small effects in 
the present study, but failed to reach 
statistical significance, but have been 
discussed as relevant determinants of 
depressiveness in other studies [1, 34] 
No significant association was found 
between alcohol consumption and 
depressive symptoms in students in 
the present study. This result is not in 
line with the study of Boden and Fer-

gusson, but is similar to the data of 
Collin et al [6, 14].

Contrary to the results of Seliger 
and Brähler, students who grew up in 
the new states of Germany do not 
have a higher prevalence for depress-
ive symptoms than fellow students 
who grew up in the old states [43]. 
However, this is not very surprising 
in the cohort studied here, as the ma-
jority of students (74 %) come from 
the new federal states and thus live 
close to home, which presumably has 
a positive effect on mental health. 
Also, no significant relationship was 
found between gender and depres -
siveness in the present study. This re-
sult in a sample of dental students is 
thus not consistent with the data 
postulated by Busch et al. for the gen-
eral population [10]. Kindt et al. and 
Rabkow et al. also show differences in 
the extent of depressive symptoms 
between women and men. This is all 
the more remarkable as these papers 
are studies at the same university. 
Thus, this risk factor appears to be 
less important in dental students 
than in the general population and 
in other courses of study.

Stress factors
The greatest correlation of study-re-
lated stress factors with the extent of 
depressive symptoms is found for the 
factor overwork. Such a correlation 
was already reported by Misra et al 
[37]. According to our survey, almost 
two-thirds of students suffer from 
pressure to perform. Students affected 
by this factor have a significantly 
higher BDI-II sum score, as also re-
ported by Aselton [1]. Confirmation 
was also found for the relationship 
between loneliness [12] and depres -
siveness. Two thirds of all students re-
ported suffering from time pressure. 
A correlation with depressiveness 
could be confirmed in a previous 
study [28], but presents itself in the 
present study only as a tendential 
correlation.

For the study-related stress factor 
competitive pressure, no significant 
relationship to depressive symptoms 
can be found. Consequently, the re-
sult is not consistent with the studies 
by Gilbert and colleagues and by 
Aselton [1, 19]. Whereas the latter 
studied American college students 

Figure 3 Distribution of BDI-II sum score for individual sums of available resilience fac-
tors using boxplots (mean, interquartile range, and range)

Resilience factor

(1) Use of relaxation techniques

(2) Satisfaction in studies

(3) Importance of religion

(4) healthy nutrition

(5) active music making

(6) sports

(7) emotional support

(8) social contacts

Table 5 Bivariate correlations (Spearman rank correlation) between resilience factors 
and BDI-II sum score, prevalences of resilience factors within student groups
Notes: R = Pearson correlation coefficient, total sample n = 153, BDI-II = Beck Depression Inventory-II

* p < 0,006 (Bonferroni-correction)

BDI-II- toal score
r

–0.02

–0.41*

–0.02

–0.23*
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–0.27*
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and British patients diagnosed with 
depression, the sample studied here 
represents people who basically have 
a secure perspective from a profes-
sional point of view. The profession 
of dentist is associated with secure 
job opportunities, a high income and 
great social prestige.

Resilience factors
Three quarters of students report re-
ceiving sufficient emotional support 
from friends and family during their 
studies. The more support students 
experience, the lower their depres -
siveness [16]. Likewise, three quarters 
of students report being satisfied with 
their studies. Dyrbye et al. also 
proved this relationship in their 
study [16]. The third strongest rela-
tionship was found between the resil-
ience factor sport and a low BDI-II 
sum score. Students who engage in 
several hours of active per week have 
a lower prevalence of depressive 
symptoms than fellow students to 
whom this resilience factor does not 
apply, in agreement with Babiss et al. 
and Johnson and Taliaferro [2, 27]. 
Only one-third of students reported 
having sufficient time for social con-
tact. The reason for this could be the 
excessive demands stated by students 
as well as pressure to perform and 
lack of time. According to the results 
of this study, there is a negative cor-
relation between social contacts and 
depressiveness, so time spent with 
friends and families has a positive ef-
fect on students’ mental health [12]. 
More than half of the students re-
ported eating a healthy diet. This re-
lationship was already postulated by 
Schek and confirmed by the results of 
the present study [41].

No relationship was found be-
tween the importance of religion, 
playing a musical instrument, and 
practicing relaxation techniques and 
depressiveness in the present work. In 
this respect, our results do not co-
incide with previous studies [7, 35, 42].

It should be emphasized that it is 
not the factors individually, but the 
combination of several factors that is 
crucial for a high BDI-II sum score. 
The more risk factors and study-re-
lated stressors the study participants 
have, the higher their prevalence for 
depressive symptoms. The reverse is 

true for resilience factors. The more 
the students indicated, the lower 
their BDI-II sum score. Overall, neur-
oticism, emotional support, sports, 
satisfaction with studies, pressure to 
perform, and excessive demands 
proved to be significant predictors of 
depressiveness, largely independent 
of each other.

5 Limitations and outlook
The present study emphasizes the 
high psychological stress of dental 
students and highlights the relation-
ship between selected risk and resil-
ience factors and depressive symp-
toms. Correlations between the fac-
tors surveyed and depressive symp-
toms are evident; however, causal 
conclusions cannot be drawn.

It should be emphasized that the 
sample covers 81.4 % of the students 
in the study program of the univer-
sity under investigation and thus 
promises good generalizability for the 
addressed population. However, stu-
dents with depressive symptoms 
might still be over- or underrepre-
sented in the survey, either because 
they stayed away from the university 
due to increased depressive symp-
toms, refused to participate for per-
sonal reasons, or – in the opposite 
case – the more personally relevant 
the study seemed, the greater their af-
finity to participate.

Furthermore, the present sample 
is limited to a medium-sized German 
university, which is why a generali -
zation of the results for the entirety 
of all dental students is only possible 
to a limited extent. To strengthen the 
validity of the results, future studies 
at other universities are desirable.

It should also be noted that the 
present study does not involve the 
diagnosis of depression by psycho-
therapists or physicians. The ques-
tionnaires used in the survey are only 
self-report instruments, which is why 
the assessment of the severity of de-
pressive symptoms can be falsified. 
Participants might have under-
reported or overreported scores re-
garding depressive symptoms [13, 
26]. Nevertheless, the good conver-
gent validity of the BDI-II should be 
emphasized, as there is high agree-
ment between results of the BDI-II 
and a clinical diagnosis [4].

Because the data in the present 
cross-sectional analysis were collected 
at only one point in time, no con-
clusions can be drawn about the pro-
gression of symptoms among indi-
vidual participants. Further work, for 
example in the form of longitudinal 
studies, is needed to record individ-
ual students’ depressive symptoms 
over a longer period of time, i.e., 
throughout their studies and beyond.

Also limiting is the limited selec-
tion of risk, stress, and resilience fac-
tors without claiming to be exhaus-
tive. To identify additional depressive 
symptom-triggering and protective 
factors, further research on larger 
samples in a more comprehensive re-
gional context is needed in the fu-
ture.

6 Conclusion
The present study provides alarming 
results about the mental health of 
dental students. More than one in 
three students achieved a BDI-II sum 
score indicative of at least mild de-
pression.

Neuroticism and use of drugs and 
medications show the highest associ-
ation with depressive symptoms. 
Overwork, pressure to perform, lone-
liness, and time constraints are stress 
factors that should be minimized in 
everyday study life. Resilience factors 
such as emotional support, satisfac-
tion with their studies and sport, on 
the other hand, have a protective ef-
fect and protect students from de-
pressive symptoms.

The findings are significant not 
only because of the current distress 
experienced by dental students, but 
also in terms of their potential role in 
the health care system. In the past, 
depressive symptoms in male and fe-
male physicians have been associated 
with a qualitative reduction in pa-
tient care. Similar findings can be hy-
pothesized for dentists [17, 18]. Ac-
cordingly, risk-, study-related stress- 
and resilience factors were surveyed 
in order to be able to provide preven-
tion during studies in the future. The 
studies show that the more risk fac-
tors students are exposed to, the 
more depressive symptoms they ex-
hibit.

Students should be informed and 
sensitized with regard to this topic. 
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Education on the subject of depress-
ion makes sense in order to destig-
matize and raise awareness of the dis-
ease. Seminars or lectures on the sub-
ject of coping with stress and dealing 
with risk and stress factors can al-
ready be held in early semesters in 
order to point out help options to 
those affected in the future in the 
sense of primary prevention. Univer-
sity programs can also contribute to 
early detection and secondary pre-
vention of depressive symptoms.

Further risk factors, study-related 
stress factors and resilience factors 
should be identified in order to pro-
vide the best possible prevention and 
support already during studies.

Further studies should investigate 
the development of depressive symp-
toms during studies and beyond, i.e. 
in the everyday working life of den-
tists, in order to determine whether 
depressiveness persists after studies.
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RESEARCH ORIGINAL ARTICLE

Carolin Sabine Harms, Vesna Husemann, Edgar Schäfer, Till Dammaschke

Removal of calcium hydroxide 
dressing from the root canal system 
using different irrigation solutions 
and methods

Introduction: The aim is to compare different methods for the removal of 
calcium hydroxide (Ca(OH)2) from root canals.

Material and methods: 160 extracted human teeth were divided into 
2 groups. In group 1 (n = 80), all root canals were prepared with hand instru-
ments to ISO size 40 and in group 2 (n = 80) by rotary nickel-titanium files 
(Mtwo) to size 04/40. After rinsing, all root canals were filled with Ca(OH)2 
and the access cavity was temporized. All teeth were stored for 7 d at 37 °C 
and 100 % humidity. After storage, in half of the specimens of both groups 
(n = 40) root canal irrigation without previous instrumentation was perform-
ed. In the other half (n = 40) root canals were instrumented to working length 
with Hedstrom file ISO size 45. All specimens were divided in subgroups 
(n = 10) and rinsed with 5 ml of NaCl-solution 0.9 %, CHX 2 %, and NaOCl 
2.5 % with or without ultrasonic activation, respectively. By scanning electron 
microscope evaluation the cleanliness of the root canal walls was scored from 
1 (no Ca(OH)2 visible) to 5 (pronounced layer of Ca(OH)2). The data obtained 
were statistically evaluated by Kruskal-Wallis-test (p < 0.05).

Results: Ultrasonic-activated NaOCl removed significantly more Ca(OH)2 
than all other solutions or methods (p < 0.05). The instrument taper (hand 
instruments 2 % or NiTi files 4 %) as well as instrumentation before rinsing, 
had no significant influence (p > 0.05). For all rinsing solutions tested, the 
 result within the respective group was independent of the localization in the 
root canal (p > 0.05).

Conclusion: Only passive ultrasonic activation was able to remove Ca(OH)2 
from the root canal sufficiently. Neither the taper of the instruments used nor 
instrumentation before rinsing had an significant influence on the removabil-
ity of Ca(OH)2.

Keywords: calcium hydroxide; instrument taper; passive ultrasonic irrigation 
(PUI); root canal irrigation; root canal dressing
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Introduction
Disinfection of the root canal system 
after preparation and before obtu -
ration is a prerequisite for successful 
root canal treatment [15, 27]. Due to 
the complexity of the root canal sys-
tem, only about 50–60 % of the canal 
wall surfaces are mechanically clean-
ed even with current rotary nickel-
 titanium (NiTi) instruments [25]. 
Therefore, under clinical conditions 
with a mechanical instrumentation 
and antibacterial irrigation it is only 
possible to remove microorganisms 
in 50–70 % of the infected root can-
als, depending on the irrigation 
protocol [2]. If a root canal is infected 
with microorganisms, they may sur-
vive in dentinal tubules, ramifica-
tions, accessory canals, anastomoses, 
apical delta etc., where they are not 
accessible to mechanical instrumen-
tation or irrigation [2]. In order to re-
move microorganisms from an in-
fected root canal system, the use of 
root canal medication is particularly 
indicated in non-vital teeth [15, 27]. 
In the past, an abundance of sub-
stances has already been proposed as 
a root canal medication. But until 
today calcium hydroxide (Ca(OH)2) is 
a popular and commonly used, wide-
spread root canal dressing [15, 27], 
introduced to dentistry for this pur-
pose by Hermann in 1920 [13].

The effectiveness of Ca(OH)2 in 
endodontics is mainly due to its anti-
bacterial activity to hydrolyse the 
lipid moiety of bacterial lipopolysac-
charides (LPS) without being cyto -
toxic and to dissolve soft tissue in the 
root canal [15, 27].

Besides many positive character-
istics, Ca(OH)2 has some drawbacks 
like being insufficiently effective 
against E. faecalis, facultative an-
aerobic bacteria and yeasts [15, 27]. 
Another disadvantage is that it is 
often not possible to remove Ca(OH)2 
completely from the root canal sys-
tem. Hence, the use of Ca(OH)2 as 
root canal medication has been dis-
cussed controversially recently 
[15, 27].

Because the removal of Ca(OH)2 
is frequently incomplete [21], 
20–45 % of the root canal wall den-
tine is covered with residue of the 
dressing, even after copious irrigation 
[20]. The disadvantage of remaining 

Ca(OH)2 is the possible negative im-
pact on root canal filling materials 
and their properties. Residual 
Ca(OH)2 may reduce sealer adap-
tation on the root canal wall dentine 
[5, 34] and may hinder the pen-
etration of sealer into dentinal 
tubules [7], thus reducing bond-
strength of epoxy resin-based sealers 
[12], resin-based sealers [5], silicon-
based sealers [10], and zinc-oxide 
eugenol-based sealers [17]. Fur-
thermore, residual Ca(OH)2 can re-
duce the processing time, shorten the 
setting time and increase the film 
thickness of the sealer [22]. In con-
clusion, Ca(OH)2 may interfere with 
the root canal sealer, compromise the 
quality of the root canal filling and 
hence of the whole treatment 
[15, 27]. Finally, remaining Ca(OH)2 
may be washed out by body fluids or 
will be resorbed from the apical part 
of the root canal over time resulting 
in apical leakage and treatment fail-
ure [28]. Therefore, root canal sealers 
may show leakage after Ca(OH)2 ap-

plications [5]. In addition, Ca(OH)2 
used as long-term root canal dressing 
may increase the risk of root frac-
ture [1]. Thus, Ca(OH)2 needs to be 
removed completely from the root 
canal system [15, 27].

With regard to the root canal 
taper after preparation, it was found 
that irrigation of root canals with a 
greater taper allows improved dis-
infection of the entire root canal sys-
tem [6, 26]. However, it is still un-
clear whether a lager diameter of the 
root canal and a greater conicity, and 
thus a higher volume of irrigation 
solution also lead to improved re-
movability of Ca(OH)2. Therefore, 
the aim of the present study was to 
investigate different methods and ir-
rigation solutions for the removal of 
aqueous calcium hydroxide suspen-
sion (Ca(OH)2) from root canals of 
extracted human teeth. The follow-
ing null hypotheses should be tested:
1. Preparing the root canals before 

medication with NiTi-files with an 
enlarged taper (4 % instead of 2 %) 

Figure 1 Experimental setup.
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has no positive influence on the 
removability of Ca(OH)2 by root 
canal rinsing solutions.

2. Further preparation of the root 
canals from ISO 40 to ISO 45 with 
hand instruments before root 
canal irrigation has no positive in-
fluence on the removability of 
Ca(OH)2.

Materials and methods
All full-aged participants provided 
their written informed consent that 
the extracted teeth may be used for 
study purposes. The handling of all 
human samples followed strictly the 
“Declaration of Helsinki”.

Prior to root canal treatment, all 
teeth were investigated under a 
stereomicroscope (Expert DN, Müller 
Optronic, Erfurt, Germany) to ex-
clude cracks or root resorption. Buc-
cal and proximal radiographs were 
taken to ensure a single root canal 
with an intact apical region and a 
single apical foramen. 160 extracted 
human single-rooted upper incisor 
teeth that showed a round root canal 
with a width of approximately ISO 
size 15 near the apex were included 
in this study. The root canal width 
was examined with silver points ISO 
size 15 and 20 (VDW, Munich, Ger-
many). Patency of the canal was de-
termined with K-files ISO size 10 
(VDW). The working length was de-
fined by measuring the length of the 
initial instrument (K-Files ISO size 10; 
VDW) visible at the major apical for-
amen minus 1 mm.

The total of 160 teeth was di-
vided into two groups: group 1 in-

cluded 80 teeth in which the root 
canals were prepared by hand instru-
mentation using Reamers and Hed-
strom files from ISO size 15 up to 
ISO size 40 (VDW). Group 2 in-
cluded also 80 teeth in which the 
root canals were instrumented by ro-
tary NiTi-files up to size 04/40 
(Mtwo; VDW) using the torque-lim -
ited endodontic motor VDW.Silver 
(VDW) with the settings according 
to the manufacturer’s instruc-
tions. The instruments were cleaned 
after 3 pecks (in-and-out move) and 
the root canal was irrigated with 
5 ml NaOCl 2.5 % during the instru-
mentation. After instrumentation 
the root canal system was irrigated 
with 5 ml isotonic saline solution 
(NaCl) 0.9 % and 2 ml EDTA 17 % to 
remove the smear layer. Afterwards, 
again 5 ml NaCl 0.9 % were applied 
as final irrigant. A 30 g open needle 
(Miraject; Hager & Werken, Duis-
burg, Germany) was used to perform 
the irrigation during and after in-
strumentation, in which the needle 
was inserted as deep as possible into 
the canal but without binding. The 
root canals were dried by paper 
points afterwards.

After drying, all root canals were 
filled with an aqueous Ca(OH)2 sus-
pension (Calxyl blau, OCO, Dirm-
stein, Germany) by using a Lentulo 
(VDW) which reached the exact 
working length of each tooth. There-
after, the access cavity was tempo-
rised by using Cavit (3M ESPE, See-
feld, Germany) and all samples were 
stored in an incubator (Wärme- und 
Trockenschrank, Heraeus, Hanau, 

Germany) in NaCl 0.9 % at 37 °C and 
100 % humidity for 7 days.

Before removing Ca(OH)2 from 
the root canals, each group (group 1 
and 2) was again divided, so that 
4 groups with 40 teeth resulted 
(groups 1.1, 1.2, 2.1, 2.2). The 
samples of Group 1.1 and 2.1 were 
rinsed only with an irrigation solu -
tion to remove Ca(OH)2 from the 
root canals. In group 1.2 and 2.2 the 
root canals were instrumented with 
Hedstrom files ISO size 45 (VDW) 
right before irrigation to remove 
Ca(OH)2 also mechanically. Four dif-
ferent irrigation solutions or methods 
were used so that 10 teeth in each 
group were rinsed with the same 
solu tion or method. The following ir-
rigation solutions were used:
A: Sodium hypochlorite 2.5 % 

(NaOCl) (Hospital pharmacy of 
the University Hospital, Münster, 
Germany) + passive ultrasonic ac-
tivation (VDW Ultra; VDW)

B: Sodium hypochlorite 2.5 % 
(NaOCl)

C: Chlorhexidine 2 % (Chlorhexidin-
digluconat-Lösung 2 %; Engelhard 
Arzneimittel,  Niederdorfelden, 
Germany)

D: Isotonic saline solution 0.9 % 
(NaCl) (Hospital pharmacy of the 
University Hospital, Münster, Ger-
many)

5 ml of the respective irrigation sol-
ution were applied in each root canal 
using a 30 g open needle whereby the 
needle was inserted as deep as pos -
sible into the canal but without bind-
ing. In all groups where NaOCl was 
activated this was done using a file 

Figure 2a Grade 1 = no calcium hydro-
xide remnants visible, all dentinal tubules 
are patent.

Figure 2a–e Examples of the electron 
microscopic evaluation of scores 1 to 5, 
magnification 2,500×.

Figure 2b Grade 2 = small amounts of 
calcium hydroxide remnants visible, 
some dentinal tubules are open.

Figure 2c Grade 3 = Calcium hydroxide 
homogeneously coats almost the entire 
root canal wall, only isolated dentinal 
tubules are open.
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size 25 (Irri-S 21/25; VDW) with a fre-
quency of 28,000 Hz as recom-
mended by the manufacturer. The 
Irri-S tip was placed 2 mm short of 
working length and in-and-out 
movements with an amplitude of 
5 mm were performed. Irrigation for 
passive ultrasonic activation (PUA) 
was repeated 2 times for 30 s. Care 
was taken to ensure that the volume 
(5 ml) and the contact time of the ir-
rigation solution (2 min) in the root 
canal were identical in all groups.

Thereafter, the samples were pre-
pared for scanning electron micro-
scopic (SEM) observation to assess 
the Ca(OH)2 remnants on the root 
canal walls. All teeth were carefully 
split longitudinally to allow visuali -
zation of the root canal lumen. After-
wards, the root halves were attached 
to a sample plate (Provag, Oestrich-
Winkel, Germany) by using an elec-
trically conductive glue (Leit-C nach 
Göcke; Chemikalien Neubauer, 
Münster, Germany). To ensure drying 
of the glue, the samples were stored 
dustproof for 24 hours. Afterwards 
the specimens were coated in a thin 
film of gold (95 nm) using a sputter-
ing technique to provide conductiv-
ity of each sample (Sputter Coater, 
Balzers Union, Balzers, Liechten-
stein). The specimens were divided 
into 3 sections by marking them with 
a waterproof pen so that a coronal, 
middle and apical third of the root 
canal resulted.

Finally, the specimens were ob-
served under the scanning electron 
microscope (Philips PSEM 500X, 
Eindhoven, Netherlands). The visual 

evaluation of the root canal halves 
was carried out at 2,500× magnifi-
cation, so that the root canal areas 
could be visibly recorded, examined, 
evaluated and photographically 
documented.

In order to assess the Ca(OH)2 
remnants on the root canal walls as 
well as to evaluate the effectiveness 
of each irrigating solution and its ap-
plication method, the scoring system 
by Hülsmann et al. [14] was modified 
as follows:
Grade 1 = no Ca(OH)2 remnants vis-

ible, all dentinal tubules 
are patent.

Grade 2 = small amounts of 
Ca(OH)2 remnants vis-
ible, some dentinal 
tubules are open.

Grade 3 = Ca(OH)2 homogeneously 
coats almost the entire 
root canal wall, only iso-
lated dentinal tubules are 
open.

Grade 4 = the entire root canal wall 
is homogeneously cover-
ed with Ca(OH)2, no pat-
ent dentinal tubules.

Grade 5 = the complete root canal 
wall is covered with a dis-
tinct layer of Ca(OH)2.

Statistical analyses
The grades were recorded for every 
single tooth at the coronal, middle 
and apical third of each root canal. In 
order to evaluate significant differ-
ences in Ca(OH)2 removal within the 
different groups, the data were statis-
tically evaluated using the Kruskal-
Wallis-Test (p < 0.05) (MedCalc, Ost -

end, Belgium). The data were check-
ed for normality before using the 
non-parametric test for statistical 
comparison.

Results
Only irrigating with NaOCl 2.5 % in 
combination with PUA showed sig-
nificantly less Ca(OH)2 remnants on 
the root canal walls compared to all 
other irrigation solutions and 
methods (p < 0.05) (Table 1). Instru-
ment taper and an additional instru-
mentation right before root canal irri-
gation had no statistically significant 
influence on the removability of 
Ca(OH)2 from the root canal 
(p > 0.05) (Table 2). Thus, neither the 
preparation with NiTi files taper 4 % 
instead of hand instruments taper 
2 % nor an additional instrumen-
tation with a Hedstrom file ISO 
size 45 before rinsing could decrease 
the amount of Ca(OH)2 remnants on 
the root canal wall significantly.

In all groups where NaOCl in 
combination with PUA was used for 
root canal irrigation the highest 
amount of patent dentinal tubules 
was observed. Hence, this irrigating 
protocol mostly reached grade 1 or 2 
from the scoring system except for 
5 teeth which were classified as 
grade 3 in some root canal sections. 
None of the other rinsing solutions 
or methods yielded a single tooth 
section rated grade 1. No statistically 
significant differences were observed 
in all other specimens without the 
use of NaOCl plus PUA (p > 0.05). 
Furthermore, no statistically signifi-
cant difference between the results of 
the 3 root canal sections (apical, 
middle or coronal third) was observ-
ed, independent of irrigation method 
and solution (p > 0.05). The amount 
of Ca(OH)2 residues was equal in all 
areas of the root canal.

Discussion
In this in vitro study passive ultra-
sonic activation of NaOCl 2.5 % was 
significantly more effective in remov-
ing Ca(OH)2 from the root canal 
walls than NaOCl without PUA or all 
other irrigation protocols tested 
(p < 0.05). In some root canals, pass-
ive ultrasonically activated NaOCl 
2.5 % was able to remove the 
Ca(OH)2 dressing completely, while 

Figure 2d Grade 4 = the entire root 
canal wall is homogeneously covered 
with calcium hydroxide, no patent denti-
nal tubules.

Figure 2e Grade 5 = the complete root 
canal wall is covered with a distinct layer 
of calcium hydroxide.
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no other irrigation solution or 
method could generate root canals 
with completely patent dentinal 
tubules. This result was independent 
from which cone (2 % or 4 %) was 
used to prepare the root canals and 
whether or not the root canals were 
instrumented with a Hedstrom file 
ISO size 45 to mechanically remove 
Ca(OH)2 before irrigation. Hence, the 
null hypotheses were therefore ac-
cepted: neither a larger taper nor in-
strumentation prior to root canal irri-
gation has a significant influence on 
the removability of Ca(OH)2 from the 
root canal. To the best of our knowl-
edge, this is the first study to evaluate 
the influence of the instrument taper 
on the removability of Ca(OH)2.

Rinsing solely with NaOCl 2.5 % 
without PUA is significantly less ef-
fective than with PUA. This finding is 

in accordance with previous investi-
gations [24, 31, 32]. Despite the su-
perior cleaning effect of ultrasoni-
cally activated NaOCl, it had to be 
noted that all experimental groups 
showed remnants of Ca(OH)2 which 
was also observed in other studies 
[8, 19–22, 24, 29, 31, 32, 34].

The overall evaluation showed no 
statistically significant difference in 
the effectiveness of the removal re-
garding the 3 sections (apical, middle 
and coronal third) of the root canal 
(p < 0.05), which is in line with pre-
vious findings [8, 9]. On the contrary, 
there are reports that the removal of 
Ca(OH)2 in the apical third was more 
effective than the removal in the co-
ronal part [24, 29]. In contrast, Silva 
et al. [31] observed a higher percen-
tage of remaining Ca(OH)2 in the api-
cal region than in the coronal region. 

This may be explained by the fact 
that Ca(OH)2 may tend to accumu-
late apically during the removal pro-
cedure [19]. A conical morphology of 
the root canal with a smaller diam-
eter in the apical region may lead to 
reduced irrigation efficiency in this 
area [4, 16].

The instrumentation using a Hed-
strom file ISO size 45 before rinsing 
had no statistically significant effect 
on removing Ca(OH)2 from the root 
canal (p > 0.05), which is in accord-
ance with another study [31]. In 
contrast, Salgado et al. [30] reported 
an improved removal of Ca(OH)2 
compared to irrigation alone when a 
re-instrumentation was performed 
with a master apical file.

It is well accepted that NaOCl irri-
gation leaves significantly more 
Ca(OH)2 on the root canal walls than 
rinsing with EDTA or citric acid 
[18, 33]. This might be explained by 
the fact that NaOCl has a limited abil-
ity to dissolve inorganic substances 
[3, 34], such as calcium, whereas citric 
acid and EDTA are de cal cifying so -
lutions and undergo neutralization 
reactions with Ca(OH)2. Ballal et al. 
[3] stated that ultrasonically activated 
17 % EDTA and 10 % citric acid solu -
tion were able to remove Ca(OH)2 
completely from root canals. How-
ever, other studies do not agree with 
these findings [32]. In the present 
study these rinsing solutions were not 
used, as the main question of this 
study was not to evaluate the solu -
tions itself but to assess the effects of 
instrument taper and instrumen-
tation before root canal irrigation on 
the removal of Ca(OH)2.

The design of the present study 
which assessed the cleanliness of the 
complete root canal wall was the 
same as used in previous investi-
gations [20, 23]. Some other studies 
used a groove model [11, 19, 24] to 
standardize the procedure as the lo-
cation and size of the groove does 
not vary as much as the natural root 
canal anatomy. This might be an ad-
vantage but disadvantage at the same 
time, as the groove model seems to 
be easier and probably more reprodu-
cible in evaluating the outcomes 
when compared to assessing the total 
surface of the root canal wall. Never-
theless, the complexity of the natural 

Score 1 in %

Score 2 in %

Score 3 in %

Score 4 in %

Score 5 in %

Table 1 Percentage of each irrigation solution and method regarding the different 
scores.

NaOCl + PUA

65.0

30.8

4.2

0.0

0.0

NaOCl

0.0

23.3

41.7

30.8

4.2

CHX

0.0

20.0

47.5

28.3

4.2

NaCl

0.0

20.8

41.7

31.7

5.8

NaOCl 
+ PUA

NaOCl

CHX

NaCl

Table 2 Statistical evaluation of the results. Statistically significant differences to other 
groups show 1/2/3, outcomes without significant differences show 4; Kruskal-Wallis-
Test (p < 0.05).

Hand  
instrumentation

Only  
rinsing

Group 1.1

1/2/3

4

4

4

Rotating  
NiTi-files 

Instrumentation 
with Hedstrom 
file ISO size 45 
right before  
rinsing

Group 1.2

1/2/3

4

4

4

CHX

Only  
rinsing

Group 2.1

1/2/3

4

4

4

NaCl

Instrumentation 
with Hedstrom 
file ISO size 45 
right before 
rinsing

Group 2.2

1/2/3

4

4

4
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root canal anatomy and its clinical 
relevance cannot be replicated in the 
groove model. One could assume 
that it may be easier to remove 
Ca(OH)2 from artificial grooves than 
from natural isthmuses or irregular 
surfaces of natural root canal walls, 
which could possibly lead to an over-
estimation of the removal efficacy of 
irrigation solutions.

Conclusion
From the results of this study, it can 
be concluded that the removal of 
Ca(OH)2 is significantly more effec-
tive when PUA is used as it leads to 
less Ca(OH)2 remnants on the root 
canal walls (p < 0.05). All irrigation 
protocols without PUA (NaOCl 2.5 %, 
CHX 2 %, NaCl 0.9 %) did not show 
statistically significant differences 
among each other (p > 0.05). The 
taper of the root canal preparation 
before medication with Ca(OH)2 did 
not influence the results significantly 
(p > 0.05). The re-instrumentation 
using a Hedstrom file ISO size 45 be-
fore irrigation did not affect the re-
movability of Ca(OH)2 from the root 
canal significantly (p > 0.05) either. 
Furthermore, statistically significant 
differences in the cleanliness of the 
apical, middle and coronal region of 
the root canal were not observed 
(p > 0.05).
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RESEARCH REVIEW

Christian Graetz, Bilal Al-Nawas, Paulina Düffert, Lutz Jatzwauk, Miriam Cyris, Markus Tröltzsch, Kai Voss, 
Stefan Rupf, Lena Katharina Müller

Spray mist and aerosol control 
in dental room air – summary of 
current evidence

Introduction: An evidence-based, balanced discussion of the facts regarding 
the reduction of infection risk during the SARS-CoV-2 pandemic by aerosol-
controlling measures in dental practice has not yet been fully conducted. 
Therefore, the current state of knowledge on spray mist and aerosol control in 
dental offices will be reported in order to present conclusions on risk reduc-
tion of aerogen-transmitted infectious diseases in the dental practices.

Methods: Results of studies directly related to spray mist and aerosol control 
in a dental office, as well as recommendations from publications including 
national position statements and guidelines for dentistry, are discussed in a 
narrative format.

Results: Decision-making at the onset of the SARS-CoV-2 pandemic was ham-
pered by the limited evidence base, but could be improved as the pandemic 
duration progressed by publishing more studies about spray mist and indoor 
aerosol control. Study results on the routine use of dental suction systems (in-
traoral) can be used to specify limits to their effectiveness in aerosol reduction. 
Similarly, findings on ubiquitously available natural room ventilation shows 
very high air exchange per hour (ACH) of up to 40 with continuous cross-
ventilation under optimal room geometry with opposing windows, whereas 
only a limited additional effect can be expected for decentralized mobile air 
cleaning (DMAC) devices in reducing smaller aerosol particles in the treat-
ment room.

Discussion: For optimized infection protection in dentistry, in addition to 
natural room ventilation and compliance with all known hygiene guidelines, 
the use of intraoral suction (high-volume evacuator (HVE) with a suction vol-
ume > 250 l/min) using a sufficiently large suction cannula (opening ≥ 
10 mm), positioned close to the aerosol-generating treatment field, is manda-
tory. From a clinical point of view, supplementary DMAC devices provide a 
negligible additional reduction effect during aerosol-generating activities. 
Room air exchange by natural room ventilation in combination with HVE sys-
tems shows a high efficiency and continues to be  the standard procedure in 
dental practices.  Future studies must clarify whether DMAC devices with 
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Introduction
Scientific statements and guidelines 
provide the basis for decision-making 
for dental activity on the basis of cur-
rent knowledge. However, this presup-
poses that 1. corresponding knowl-
edge is available in the form of studies 
of high evidence with direct relevance 
and 2. corresponding publications 
with recommendations are also 
known to practicing dentists. In the 
course of the SARS-CoV-2 pandemic, it 
was observed that both aspects 
changed continuously. It must be criti-
cally noted that, especially in the in-
itial phase of the pandemic, recom-
mendations were published on the 
basis of assumptions due to a lack of 
evaluation bases. The SARS-CoV-2 
pandemic affected almost all private 
and professional spheres of life. This 
often led to emotionally driven dis-
courses on partially appropriate cata-
logs of measures but not to a desirable 
balanced discussion on facts about the 
risk of infection in dentistry. It is ob-
vious that a retrospective view is al-
ways  easier. Moreover, for the SARS-
CoV-2 pandemic, decision-making was 
complicated, particularly in its early 
stages, because a very limited evidence 
base existed. Even at the present time, 
fundamentally important questions 
about the origin of the virus as well as 
its infectivity, e.g., after illness or vac-
cination, have not been conclusively 
resolved. Therefore, in this article, the 
authors would like to present con-
clusions for the future use of spray 
mist and aerosol control to minimize 
the risk of aerogenously transmitted 
infectious diseases in dental practices 
based on the latest evidence.

The following remarks must be 
preceded by the fact that there can 
only be an effective pandemic contain-
ment and a protection against infec-

tions if all known preventive measures 
are implemented. Examples are com-
pliance with room ventilation, dis-
tance and hygiene rules and the wear-
ing of medical or FFP-2 masks. For 
dental practices, however, it must be 
taken into account that patients can-
not wear mouth/nose coverings during 
treatments and the close treatment 
contact  with a distance of only around 
30 cm between patients and the treat-
ment team. There is no question that 
rubber dam application is very effec-
tive in reducing droplets and aerosols 
which are potentially contaminated by 
microorganisms [1, 3, 8, 25, 30, 35]. 
However, this protective measure is 
not always possible with the wide 
range of activities in the dental prac-
tice. Spray mist and aerosol-generating 
measures occur in close proximity to 
the dental staff. In addition, the pa-
tients release aerosols and droplets 
through speaking, breathing, and 
coughing. The spray mist is a mixture 
of droplets and droplet nuclei of differ-
ent sizes, consisting of cooling water, 
(powder) particles, splashes of saliva, 
blood and microorganisms, and is gen-
erated during the use of high-speed in-
struments including sonic/ultrasonic 
scalers and powder water jets. If this 
spray mist is not properly extracted, a 
potentially infectious aerosol cloud is 
created. Since the beginning of the 
SARS-Cov-2 pandemic, 497 cases with 
infections with the SARS-Cov-2 virus 
in the dental sector have been reported 
to the Employer’s Liability Insurance 
Association for Health Services and 
Welfare Care (Berufsgenossenschaft für 
Gesundheitsdienst und Wohl fahrts -
pfle ge, BGW) in Germany until June 
2021, of which the BGW lists 143 as 
occupational cases (query as of 
01.06.2021). Even if underreporting 
must be assumed with regard to the 

published case numbers, this results in 
a prevalence of ≤ 0.1 % for SARS-CoV-2 
infections among dental personnel 
[10], which can be seen as an indi-
cation of the high level of protection 
provided by established behavioral 
and hygienic measures in dentistry in 
Germany. Therefore, it has been prov-
en to be useful to integrate the addi-
tional protective measures in the sense 
of a bundle of measures into recom-
mendations already in force [28]. This 
can be seen in analogy to the pre-
cautionary approach of radiation pro-
tection [19], which means that the 
probability of exposure to SARS-CoV-2, 
the number of persons exposed, and 
the individual pathogen dose affecting 
a person are kept as low as reasonably 
achievable in dental practice. This set 
of measures has been shown to in-
clude room ventilation [19].

Room ventilation and 
 path ogen transmission
Unlike outdoors, the transmission 
route plays a central role in an aero-
genously transmissible infectious dis-
ease indoors. But especially in the case 
of SARS-CoV-2 there is still controver-
sy about the proportion of direct con-
tact or other routes including droplets 
[13] and airborne transmission [39], 
that are responsible for virus spread 
[23] (Figure 1).

Physically, droplets with 4–8 μm 
size will fall to the ground within 
20–90 minutes according to indoor 
air conditions, while aerosol particles 
with sizes smaller than 4 μm can re-
main in the air for up to 30 hours [9]. 
However, as droplets lose water and 
become smaller with lower humidity 
(at a droplet size < 10 μm, the water 
fraction evaporates within splits of a 
second), and droplet nuclei are form-
ed. Indoors they can remain sus-
pended for hours and are transported 
with the airflow [19, 37]. This might 
inactivate bacteria and viruses, thus 
reducing the infectivity of the indoor 
air. It is undisputed that droplets con-
tain significantly more path ogens 
than smaller droplet nuclei due to 
their size, and thus their infectious 
dose is higher. Especially in closed 
rooms, despite the smaller amount of 
path ogens in the aerosol, there is a 
higher risk of disease transmission 
because the particles do not dry out, 

ACH ≥ 6 can be a supplement in exceptional situations with a high risk of in-
fection, for example, when no intraoral suction is used or protective/hygiene 
measures can only be observed to a limited extent.

Conclusion: Established hygiene concepts and protective measures, including 
room ventilation with fresh air, have proven to be sufficiently effective in den-
tal practice even during the SARS-CoV-2 pandemic.

Keywords: aerosol; guidelines; aerogene-transmitted infectious diseases; SARS-
CoV-2
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especially in high humidity, and are 
kept in suspension for a long time. 
Therefore, the circulation and ex-
change of particles in the room air 
(air exchange) plays a central role in 
infection control. It can be imple-
mented naturally (e.g., ventilation 
with fresh air through open 
windows) or supported by technical 
systems (e.g., room ventilation sys-
tem, decentralized mobile air purifi-
cation units) (Figure 2). The air ex-
change rate (ACH) describes the 
amount of air supplied per room vol-
ume per hour.

Natural ventilation
In case of free ventilation, a distinc-
tion can be made between shock 
ventilation, cross ventilation and gap 
ventilation (Figure 2). Shock and 
cross ventilation can quickly lead to a 
dilution of aerosol-containing indoor 
air if a high temperature difference 
between in- and outdoor air is pro-
vided [18, 19]. However, the result of 
natural ventilation depends on quite 
a few factors that cannot be in-

fluenced, such as the outside tem-
perature, wind direction and 
strength, as well as window size and 
position in the room. Also, after clos-
ing the window, the aerosol concen-
tration in the treatment room will in-
crease again. Gap ventilation by 
means of permanently tilted windows 
is insufficient (ACH: 0.3–1.5) and can 
be considered as a supplementary 
measure to shock or cross ventilation 
at most, with windows fully open for 
a short time (ACH: 0.3–4) [18, 19]. 
Even though cross-ventilation by 
opening 2 opposite windows in the 
building may be partly limited or 
even impossible during treatment due 
to the room architecture and privacy 
in dental offices, this is the most ef-
fective method (ACH: up to 40). To 
protect the patient’s privacy but still 
minimizing aerosols efficiently it is 
therefore suggested to open opposite 
windows after dental treatments and 
while preparing for the following pa-
tient [19]. A smaller temperature dif-
ference especially during warmer 
summer months can lead to insuffi-

cient air exchange and a longer venti-
lation time (10 min) must be aimed 
for.  During the colder winter months, 
sufficient air exchange is provided by 
high temperature differences already 
at a ventilation time of 3 min, which 
is also helpful in reducing energy loss 
during natural ventilation. In au-
tumn, winter and spring, regular 
shock ventilation for 3–10 minutes 
following dental treatment is a practi-
cable method of air exchange and 
thus also reduces aerosol concen-
trations in the treatment or waiting 
room [12]. However, longer venti-
lation durations of 10–15 minutes 
should be aimed for in the summer 
[22], as the air exchange rate may be 
lower than in other seasons due to 
the approximately equal tempera-
tures outside and inside. Kienbaum et 
al. [19] therefore recommend that a 
ventilation plan is drawn up based on 
the type of ventilation (number of 
windows, doors if necessary), venti-
lation duration/interval (season) and 
additional ventilation occasions (spe-
cific treatment/exposure situations).

Figure 1 Schematic representation of possible transmission routes using the example of the SARS-CoV-2 virus in dental practices 
(Note: Transmission via surfaces cannot be ruled out, although the authors consider this route to be rather less significant based on 
corresponding studies from medical facilities [4]).
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Ventilation through technical 
equipment
The use of room ventilation systems 
(RVS) with defined ACH can be an al-
ternative for larger practices/clinics 
with special structural requirements 
and/or for specific situations in 
summer and winter months, but also 
as a supplementary solution to natu-
ral ventilation. RVS systems in health-
care facilities (i.e. including dental 
practices) are regulated by DIN 
1946/4. Their task is to heat or cool 
rooms, remove chemical pollutants or 
odors, minimize the colony count of 
microorganisms in the air (operating 
rooms), but above all to supply fresh 
air to rooms that are not naturally or 
sufficiently ventilated. Examination 
and treatment rooms are assigned to 
room class II. These rooms must be 
supplied with at least 40 m3 of fresh 
air per hour and person present (if 
there is no window ventilation). This 
ensures an air exchange rate of about 
6 times per hour. Taking into account 
this minimum proportion of fresh air 
and in order to minimize the heating 
costs for the fresh air supplied by the 
air handling system, the use of recir-
culated air is permissible. Fresh air 

and recirculated air are processed to-
gether (heated, cooled, filtered and, if 
necessary, humidified). The air is pass-
ed through 2 filter stages of classes F7 
and F9. According to EN 779, the 
average efficiency of F9 filters is 95 % 
for particles of 0.4 μm diameter (i.e. 
including droplet nuclei).

According to DIN 1946/4, recir-
culating air cooling units (without 
fresh air component) are also poss-
ible in rooms in which a supply of 
fresh air is possible through suffi-
cient window ventilation, if the air is 
returned to the same room from 
which it was taken (air-conditioning 
split units). At present, these must 
also be equipped with filters of 
classes F7 as well as F9. In general, 
devices in recirculation mode with-
out filters (e.g. stand fans, mobile air 
conditioners, fan heaters) should be 
avoided in dental treatment rooms, 
as they do not lead to a reduction in 
aerosol concentrations, but can 
rather contribute to a distribution of 
aerosols in the room through the air 
flow. If operation is nevertheless 
necessary, care should be taken to 
ensure regular, intensive natural 
room ventilation [19].

Decentralized mobile air 
 cleaning units
When neither sufficient natural 
ventilation nor technical room air 
systems with fresh air operation and 
filtration are operated, the additional 
use of decentralized mobile air clean-
ing devices (DMAC) is currently 
being discussed in the context of the 
pandemic [27, 29, 36]. There is a 
wide range of  device types that are 
designed to separate the intake room 
air by various processes (UV, ioni -
zation, filtration, etc.) or to inactivate 
airborne substances, and then dis-
charge them back into the same 
room. The air flow rate of the units 
and the achievable ACH, i.e. how 
quickly the relevant particles can be 
filtered out of the room air, play a 
decisive role here. Effective devices 
with high ACH requiere a high air 
volume flow. At this point, it has to 
be said that the high air volume flow 
leads to high sound pressure levels 
and thus consecutively to noise pol-
lution [2]. Chavis et al. [2] measured 
up to 86 dB (comparative measure-
ment tooth preparation without 
DMAC: 82 dB) when a DMAC was 
used at maximum suction power and 

Figure 2 Simplified presentation on ventilation technology and its subsections according to DIN 1946 (part 1 of the standard), 
among others, as well as the possible room air ventilation.
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tooth preparation was performed 
simultaneously. On the other hand, 
Comisi et al. [5] measured sound 
pressure levels between 87 dB and 
89 dB when operating a high-power 
intraoral suction system. When using 
a prototype 3D-printed lip retractor 
with internal suction and funnel, 
even up to 99 dB could be measured. 
In this experimental study, the sole 
operation of a DMAC was even as-
sociated with the lowest noise levels 
(less than 80 dB) [5]. These elevated 
sound pressure levels may not only 
affect intercommunication and pa-
tient comfort, but also make patient 
monitoring more difficult for staff.

For DMAC, as for the operation of 
an air handling unit, a possibly more 
cost-intensive unit operation and 
regular maintenance must be taken 
into account compared to natural 
room ventilation. Finally, the fil-
tration performance of the units is 
also influenced by the room geometry 
and the arrangement in the room. In 
the case of particulate aerosols, there 
is no distribution equilibrium in the 
room [11], which is why an optimal 
placement of the devices should, for 
example, be near the treatment unit 
[2] – with all the disadvantages that 
this entails, such as annoyance due to 
noise, airflow, and a constricted room.

For a planned use of DMAC, only 
devices in which the room air is fil-
tered by a separation process with 
classified H13 filters (or higher) 
should be considered. For all other 
devices with coarser filters, an insuffi-
cient effectiveness of the filtration of 
fine particles must be assumed [11]. 
Although the effectiveness of all de-
vices can possibly still be increased 
by the aforementioned processes 
such as ozone or ions, scientific 
studies on effectiveness are lacking.

As our own experimental studies 
by the Kiel working group around 
Graetz et al. with a DMAC in the 
dental curriculum [15], and also ob-
servational studies in dental practices 
showed, the definition of the 
measurement method and experi-
mental conditions is very complex 
[31, 41] and not directly comparable 
[16]; moreover, the results may often 
not be generalized [2]. Also, experi-
mental studies with simulation of ac-
tivities in dentistry may not be used 

to assess indoor air quality [40]. For 
example, the Kiel experiments were 
conducted using a phantom in a 
closed treatment room (16.94 m2). 
The tested DMAC was aligned at a 
distance of 35 cm from a phantom 
head, on which various aerosol-gen-
erating treatments such as high-speed 
preparation or tooth cleaning using a 
powder water jet device were simu-
lated. With the exception of the con-
trols (no aerosol-generating treat-
ment), a 16 mm suction cannula was 
always tested in combination with a 
saliva ejector using a dental high-vol-
ume evacuator (HVE) (suction vol-
ume (air) at the tip of the suction 
cannula: ≥ 300 l/min), in each case 
with versus without DMAC. With 
simultaneous monitoring of room air 
parameters such as CO2 saturation, 
temperature, and air ventilation, the 
particle number concentration (PNC) 
of aerosols was recorded by an optical 
method using scattered light from a 
cleanroom counter (LasAir III, PMS 
Inc., USA). A mean ACH of 3 h–1 was 
determined for the DMAC, and only 
for particles with small diameters 
(0.1–0.3 μm) was there a significant 
reduction (p < 0.001) when the 
DMAC was used in addition to con-
ventional intraoral suction [15]. In 
contrast to other experimental 
studies, which also demonstrated a 
further significant reduction for 
droplets and splashes by means of ad-
ditional DMAC [2], the authors of the 
Kiel working group did not observe 
any additional reduction in room air 
concentration for particles with a 
larger diameter compared to the sole 
intraoral application of the HVE 
(0.5–5.0 μm; p = 0.089).

Intraoral dental suction 
 systems
The intraoral use of a spray mist 
evacuation system is an established 
measure in the context of most den-
tal treatments and thus already 
makes a decisive contribution to ad-
equate hygiene and infection control 
[14, 32]. To ensure this function, 
HVEs with a suction volume (air) of 
≥ 250 l/min have been described [34] 
and are regulated by ISO 10637:2018 
(German version EN ISO 
10637:2018). This describes not only 
the design of the central suction ma-

chine, but also notes on piping. Both 
the suction power and the diameter 
of all pipes, including the applied 
suction cannula, must be considered 
in the design and for the operation of 
an optimal dental suction system. For 
optimal risk reduction of aerogeni-
cally transmissible infectious diseases 
during spray mist generating inter-
ventions, suction cannulas with sec-
ondary air inlets (preventing stuck 
suction and thus blocking of the can-
nula) with diameters > 10 mm are 
recommended [28]. Suction with a 
narrow saliva ejector (diameter 
< 8 mm) and suction volume 
< 200 l/min is unsuitable for the re-
duction of aerosols [20], even though 
liquids can be elimi nat ed sufficiently 
from the oral cavity. Rupf et al. [33] 
were able to show that fine particle 
aerosols released in the oral cavity of 
a phantom are only reduced by high-
volume suction. Therefore, in addi-
tion to the technical requirements, 
the role of the optimal suction tech-
nique should be discussed within the 
practice team to ensure optimal infec-
tion control in the daily routine. Un-
fortunately, as already mentioned, 
suctioning with HVE systems leads to 
noise emissions that should not be 
underestimated, and these can make 
internal communication between 
practitioner and assistant as well as 
between patients more difficult. As al-
ready discussed for the previous tech-
nical systems, this also requires regu-
lar inspection (practice team) and 
maintenance (manufacturer-specific), 
for example, to counteract deposits 
with subsequent displacement/con-
striction of the inner tube diameters.

Summary discussion of 
the internal and external 
 evidence
Even before the onset of the SARS-
CoV-2 pandemic, it was known that 
dental activities are associated with 
the release of aerosols and particles 
that may have adverse health effects 
[26, 38]. According to current studies, 
effective reduction of aerosols with 
potential risk for aerogenically trans-
mitted infectious disease is most 
easily achieved via natural venti-
lation. Technical filtration of room 
air by means of air handling systems 
is possible, but the use of DMAC de-
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vices has only been described as a 
complementary measure for rooms in 
which primary infection control 
measures cannot be implemented ad-
equately [11]. Operationally, every 
dental practice in Germany has a 
HVE unit that primarily succeeds in 
aspirating liquids from the patient’s 
oral cavity and, at the same time, can 
effectively reduce the potentially 
contaminated spray rebound [14, 32] 
– corresponding to primary infection 
control. Compared with the routine 
operation of such configured HVE 
systems, DMAC devices can represent 
a complementary measure for the 
control of potentially infectious aero-
sols only in small to medium-sized 
practice rooms [6, 15, 18], always as-
sociated with not inconsiderable ac-
quisition and operating costs of the 
devices (e.g., regular cleaning or re-
placement of the HEPA (high-effi-
ciency particulate air) filters so that 
they do not themselves become a 
source of microorganisms and air pol-
lutants [11, 18]), noise, or a limi-
tation of space. Although HVE sys-
tems also require regular mainten-
ance, their use is familiar in dental 
practice, and with an adequately 
sized and correctly positioned intrao-
ral suction cannula and a suction vol-
ume flow (air) of approximately 
300 l/min, aerosols from the patient’s 
mouth can be significantly reduced 
during use [15]. In a study of SARS-
CoV-2 and other microorganisms in 
dental aerosols with 28 participants, 
salivary bacteria were detected in the 
condensed aerosol in only 8 individ-
uals [24]. Meethil et al. [24] found no 
viruses in the generated aerosol des-
pite detectable SARS-CoV-2 viruses in 
the saliva of some asymptomatic pa-
tients. These results should be inter-
preted cautiously, and it must also be 
kept in mind that aerosol removal 
only ever occurs when suction can-
nulae are used at all due to measures 
involving spray mist generation. In 
addition, the results indicate that ex-
posure to pathogens from saliva can-
not be completely prevented in all 
cases despite the use of an HVE. In 
certain dental activities, for example 
intraoral examinations, aerosols will 
also occur, but diameter-optimized 
suction cannulas in particular are 
generally not used in this case.

Conclusion
For optimized infection protection in 
dentistry, high-volume intraoral suc-
tion during aerosol-generating treat-
ments is mandatory in addition to 
compliance with all known hygiene 
guidelines [24, 28, 34]. For this pur-
pose, HVE (according to ISO 
10637:2018 type 1 with a suction 
volume > 250 l/min) in combination 
with a suction cannula that has a 
sufficiently large opening (≥ 10 mm) 
and is positioned close to the treat-
ment field have proven effective 
[7, 14, 34]. It can significantly reduce 
aerosol and droplet dispersion in the 
treatment environment directly 
[7, 14, 17, 21, 32]. Although addi-
tionally used DMAC devices could 
cause a further significant reduction 
especially of smaller aerosol particles 
in the treatment room [15, 29, 36], 
but especially of the spray mist/drop-
let generating activities the effect is 
negligible from a clinical point of 
view, because the mandatory HVE 
devices already cause a significant re-
duction intraorally [15]. Thus, during 
dental treatment, both staff and pa-
tients appear to be largely protected 
from exposure to potential pa-
thogens when the bundle of 
measures already postulated several 
times [28] is applied [24]. Even 
though natural ventilation is highly 
dependent in its efficiency on exter-
nal and uninfluenceable variables 
(temperature difference indoor and 
outdoor air, wind conditions, room 
architecture), it is the simplest 
measure and almost always available 
measure with a high ACH and 
should be replaced only in excep-
tional cases. DMAC devices, even 
those with high ACH (≥ 6) and HEPA 
filters according to DIN EN 1822, can 
only be a supplementary protective 
measure for example during a high 
incidence phase and simultaneous 
lim ited implementation of the 
bundle of measures for infection 
control. However, it should be em-
phasized once again that, due to the 
proven high effectiveness of the HVE 
systems used in Germany and natu-
ral room ventilation, the additional 
benefit of DMAC devices for im-
proved infection control must be the 
subject of future scientific investi-
gations.
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