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“Greetings for the day!”  
Unsolicited e-mails from  
questionable journals

Citation: Türp JC, Antes G: “‘Greetings for the day!‘” Unsolicited e-mails from questionable journals. Dtsch Zahnärztl Z Int 2020; 2: 109–113
DOI.org/10.3238/dzz-int.2020.0109–0113

For some years now, people working 
in science have been confronted with 
a new phenomenon: The annoyance 
caused by (exclusively English-lan-
guage) e-mails in which the recipi-
ents are asked – usually after a 
friendly greeting (Tab. 1) – to publish 
an article in a journal mentioned in 
the mail (Tab. 2). The titles of these 
journals are largely unknown in the 
dental/medical world. Sometimes 
they resemble those of renowned 
specialist journals. 

In order to demonstrate the ex-
tent to which this practice has taken 
on, the e-mails of this kind received 
by the first author at his address 
<jens.tuerp@unibas.ch> between 1 
and 31 January 2020 were stored and 
analyzed. 

Results
Eighty-seven mails were received, i.e. 
almost 3 per day. They referred to 60 
different titles of journals in which 
one may publish. Without exception, 
these were online journals. Thirty-
seven journals are devoted to medi-
cine, two cover the humanities and 
social sciences, one specializes in 
crustaceans, and one is multidisci -
plinary (Tab. 3). 

Only 19 of the 60 journals were 
devoted to dentistry (Tab. 4). None of 
these are listed in PubMed or the  
Directory of Open Access Journals. It 
can be assumed that these 19 jour -
nals, like their publishers (Tab. 4), are 
unknown in the dental profession. 

The 87 mails include 7 general  
enquiries from 5 publishers, each of 

which provides a large range of jour -
nals. Four of these publishers are based 
in India (Green Publication; IP Inno-
vative Publication; IJRDO; NN Pub-
lication), one in England (Cambridge 
Scholars).

While most requests were only 
sent once, 10 journal titles and one 
publisher were characterized by re-
peated mailings (Tab. 5). The journals 
that requested the most and third 
most frequently had no reference to 
dentistry at all (sociology; crusta-
ceans). 

The primary aim of most senders 
was apparently to make the journal or 
publisher known to the recipient and 
to promote occasional consideration 
when submitting an article. In other, 
sometimes follow-up e-mails the desire 

Formulation

“Greetings!!”

“Greetings for the day!!!”

“Hope you are doing well.”

“I hope you are doing great.”

“Warm wishes to you!”

Table 1 Typical formulations at the be-
ginning of the mails. 

Request

“We are inviting you to submit your research work it can be „Full Length or Short 
Length“ in our journal […]”

“The [journal] is currently accepting the manuscript for its peer review, open access 
publication. ”

“We would like to encourage your gracious presence and your research group(s) 
 to submit papers theme [xxx] at our esteemed Journals ...”

“We strongly encourage to venture in our [journal] given your great stature and 
knowledge in this arena.”

“We have gone through your huge profile online and it is very fascinating and  
inspiring.”

“With reference to your previous publications, we request you to contribute an  
article to our [journal].”

“It is our enormous pleasure to invite you to submit or recommend manuscript/
papers of your research/review/study to [journal], a peer-reviewed and open access 
international academic journal publishes high quality and original research papers, 
reviews, and case studies related to all areas in Dentistry.”

“We gladly invite you to submit your work towards [journal].”

Table 2 Typical formulations (partly in incorrect English). Examples of e-mails received 
between 1 and 3 January 2020



110

© Deutscher Ärzteverlag | DZZ International | Deutsche Zahnärztliche Zeitschrift International | 2020; 2 (4)

PRACTICE EBM BITS

to submit a manuscript as quickly as 
possible was at the forefront (Tab. 6). 

Evaluation
The fact that only about 30 % of the 
journals had a dental background 
shows that the sending of these mails 
was undirected. Obviously, the editors 
and the publishers of these journals  
approve of the fact that authors from 
other fields also submit manuscripts to 
their journals (which are then pub-
lished in almost all cases). This suggests 
that the quality of the content of such 
journals is as questionable as the strat-
egy of the publishers behind them.

Since the mentioned journals, 
which are designed for a dental audi-
ence, are not listed in important elec-
tronic search engines, such as PubMed 
or Livivo, they remain unknown to the 
dental readership. It can therefore be 
assumed that the articles published in 
them are not taken note of by the 
scientific community, i.e. are neither 
read nor cited. 

Overriding problem
It can further be assumed that the vast 
majority of these dubious journals 
and their publishers are so-called 
predatory journals and predatory pub-
lishers, respectively. They contribute 
to the current publication and com-
munication crisis in research and 
science.

The systematic violations of the 
usual publication rules, as described in 
this article, have now reached such 
proportions that the scientific com-
munity can be expected to suffer con-
siderable damage. Publications are a 
central element of the scientific com-
munity. They are indispensable for 
the presentation of research results 
and form the basis for scientific dis-
course. The undermining of quality 
standards by dubious publishing prac-
tices on the part of purely commer-
cially oriented predatory publishers 
therefore has direct consequences: Im-
portant research results are published 
in unknown journals and con-
sequently go unnoticed, discussions 
on content do not even take place or 
can be steered in the wrong direction, 
misinformation spreads, scientific ca-
reers are damaged – or (in exceptional 
cases, and then only for a short period 
of time) unjustifiably promoted. How 

Titles of non-dental journals

Annals of Case Reports 

Annals of Sports Medicine and Research

Anxiety and Depression Journal

Archives of Medical and Clinical Psychology 

Canadian Journal of Biomedical Research and Technology

Clinical and Experimental Investigations

Clinics in Medical Sciences

Current Advances in Orthopaedics and Physical Therapy 

Gerontology & Geriatric Research 

Global Journal of Physiotherapy and Rehabilitation

International Journal of Humanities, Social Sciences and Education

International Journal of Reproductive Medicine and Sexual Health 

International Research Journal of Medicine and Medical Sciences 

Japan Journal of Research

Journal of Alzheimer‘s Parkinsonism & Dementia

Journal of Case Reports and Studies

Journal of Clinical and Medical Images

Journal of Modern Human Pathology

Journal of Neurological Disorders & Stroke

Journal of Neurology & Translational Neuroscience

Journal of Pharmacology and Clinical Toxicology 

Journal of Radiology and Imaging

Journal of Radiology and Radiation Therapy

Journal of Surgery 

JSM Sexual Medicine

Korea College of Rheumatology

Medical Science Monitor 

Nauplius

Neurology and Neurobiology

Neurology and Neuroscience

Nursing & Healthcare Journal

Table 3 The 41 journals not related to dentistry 
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harmful these negative structures ac-
tually are is difficult to quantify. How-
ever, the financial advantages of the 
providers involved can be estimated.

A new or unknown  
publication will be checked  

for its serious ness.  
An essential criterion  

for the selection decision  
is whether  

the publication organ  
has established  

its own guidelines  
for good scientific practice.”

German Research Foundation 2019 [1] p. 21

A “glimpse into the box” was pro-
vided by the judgment of the US Fed-
eral Trade Commission (FTC) respon-
sible for consumer protection against 
OMICS Group Inc., iMedPub LLC, 
Conference Series LLC. This Indian 
company operates hundreds of du-
bious journals and also organizes a 
large number of international confer-
ences. These activities are now con-
sidered to be an essential part of junk 
science (often referred to as “fake 
science”), characterized by worthless 
publications or conferences [6]. The 
injunction enforced in March 2019 by 
the U.S. District Court of Nevada 
against Omics to immediately stop 
the fraudulent business practices in 
the U.S. was accompanied by a fine of 
$50.1 million. 

The practice of predatory pub-
lishers must be seen as a frontal attack 
on the quality of research and science 
and, by extension, on the academic 
system, including industrial research, 
and must be taken seriously accord-
ingly. The massive violations of the 
quality rules for publishing were made 
possible by the structural shifts in 
publishing operations towards so-
called Open Access journals and the 
associated payment models. 

In the traditional journal world, 
manuscripts containing the results of 
research projects were submitted by 
authors to academic journals, quali-
tatively reviewed there (with the help 
of external, often university-based  
reviewers) and printed upon success-
ful completion of the peer review pro-
cess. The corresponding journals were 

Otorhinolaryngology and Hypersensitivity Treatment 

RA Journal Of Applied Research 

Scholarly Journal of Otolaryngology 

SL Clinical Medicine: Research Journal 

SM Gerontology and Geriatric Research

SM Journal of Orthopedics 

Sociology Insights

Sports Medicine

Surgery & Case Studies: Open Access Journal

United Journal of Medicine and Health Care

Table 3 Continuation The 41 journals not related to dentistry 
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Titles of dental journals

American Journal of Dentistry and Oral Care

Annals of Dental Science

Dental Oral Biology and Craniofacial Research

ES Journal of Dental Sciences

European Journal of Dental and Oral Health

Global Journal of Oral Science

International Journal of Dentistry and Oral Health 

Interventions in Pediatric Dentistry Open Access 
Journal

Journal of Dental and Maxillofacial Research

Journal of Dentistry Open Access 

Journal of Oral Health and Dental Science

JSM Dentistry

Modern Research in Dentistry

Online Journal of Dentistry & Oral Health

Oral Health & Dental Science 

SL Dentistry, Oral Disorders and Therapy

Stechnolock Journal of Dentistry

SVOA Dentistry

The Dentist

Table 4 The 19 journals related to dentistry, and their publishers 

Publisher

Onomy Science, India

MedRead, USA

Science Repository, USA/Estonia

eScientific International Open  
Library, Australia

European Open Access Publishing, 
Belgium

Green Publishers, Pakistan

BioCore, USA

Lupine Publishers, USA

Research Open, Ireland

Science Repository, USA/Estonia

Scholarena, USA

JSciMed Central, India

Crimson Publishers, USA

Iris Publishers, USA

Scivision Publishers, USA

Scientific Literature, USA

Stechnolock, India

ScienceVolks, England

Medtext Publications, USA
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then accessible via subscriptions or  
libraries. 

The Open Access movement gave 
rise to journals that were free of charge 
and freely accessible to every user. To 
achieve this, funding was shifted from 
readers to authors, thus completely 
turning the classical model on its 
head. Some of the best-known repre-
sentatives in medicine are PLOS Medi-
cine and BMC Medicine, in dentistry 
BMC Oral Health and Head & Face 
Medicine. They characterize themselves 
as open access/open peer review medi-
cal/dental jour nals. They originally 
took over the quality-preserving pro-
cesses of the classic jour nals (e.g. quali-
tative peer review of incoming manu-
scripts) – except for the financing, and 
this is exactly where the problem and 
the gateway for the undesirable devel-
opment by the predatory journals lies. 

Whereas in the traditional model 
a high rejection rate of submissions 
(over 90 % in the case of journals such 
as The Lancet) was considered a sign of 
quality and thus also served as a quan-
tity limit, this mechanism is missing 
in open access where the financial in-
come of publishers depends exclu -
sively on the number of released  
articles. It is therefore reasonable to  
assume that there is a strong temp-

tation to increase the number of  
articles and thus the income through 
lower quality requirements. This 
threat exists for all publishers – even 
serious ones. However, it has increas-
ingly been systematically exploited  
by newly founded journals to fraudu-
lently penetrate the journal market 
and to urge authors under systematic 
deception regarding the nature of 
their journals to publish in predatory 
journals. One means of doing this  
is to write to scientists by e-mail, as 
described in this article. Despite asser-
tions to the contrary, there is no 
quality control of the content of sub-
mitted manuscripts; practically every-
thing that is sent in is published.

One would think that science is 
critical and robust enough to resist 
these developments. But this is pre-
cisely not the case, as a study in Ger-
many in July 2018 showed. Norddeut-
scher Rundfunk (Northern German 
Broadcasting), Westdeutscher Rundfunk 
(West German Broadcasting) and the 
Munich-based daily newspaper Süd-
deutsche Zeitung identified 5000 scien-
tists from the established scientific 
community and from the health care 
sector who had published in such du-
bious journals. The reaction to this 
disclosure was lim ited, and it did not 

seem to affect the scientific commu-
nity in particular [2]. In Germany, in-
terest was by no means as high as in 
the USA or India, for example.

The COVID-19 pandemic has cre-
ated a completely new situation. Due 
to the large number of open ques-
tions about coronavirus disease that 
need to be answered scientifically, 
many research projects have been 
started within a very short period of 
time. This has resulted in a high 
number of publications. It seems, 
however, that the conditions of the 
pandemic have been accompanied by 
a loss of quality in science. One of the 
regularly criticized points is the peer 
review process, which has come to 
public attention with a bang follow-
ing the withdrawal of articles by The 
Lancet [5] and the New England Journal 
of Medicine [4] on the treatment of 
COVID-19 with the anti-malarial 
drug chloroquine. Although these 
publication failures, which put the 
quality standards and credibility of 
science under massive pressure, have 
no direct connection to predatory 
journals, they do indirectly, because 
the hitherto deep quality gap be-
tween the two worlds – here: serious 
scientific journals, there: windy  
pseudo-journals – is becoming shal-
lower. The personal observation of 
the authors of this article shows on 
the basis of the e-mails received that 
the activities of predatory journals 
continue unabated, now also in the 
corona environment [3]. 

Recommendations
Even if the possibility cannot be ex-
cluded that among the senders of un-
solicited e-mails are some (albeit few) 
reputable publishers or journals, the 
recipients are generally well advised 
not to react to this type of mails. More 
and more (not only medical) faculties 
and institutions explicitly point out 
that publishing in these journals is 
contrary to the principles of good 
scientific practice. The following web-
sites can be useful in this context: 
• Wikipedia: Predatory publishing. 

<URL: https://en.wikipedia.org/
wiki/Predatory_publishing# 
Other_lists>

• Howard-Tilton Memorial Library, 
Tulane University, New Orleans, 
Louisiana, USA: Predatory Pub-

Journal title

Sociology Insights

JSM Dentistry

Nauplius

ES Journal of Dental Sciences 

NN Publication [Verlag]

Annals of Dental Science

International Journal of Dentistry and Oral Health

Journal of Dental and Maxillofacial Research

Journal of Neurology & Translational Neuroscience

Journal of Radiology and Imaging

Stechnolock Journal of Dentistry

Table 5 Sources of repeated requests (January 2020)

Number of mails

6

5

4

3

3

2

2

2

2

2

2
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lishers. A Guide. <URL: https://pre
datoryjournals.com/journals/>

• Think. Check. Submit. <URL: 
https://thinkchecksubmit.org/>

• Stop Predatory Journals: List  
of Predatory Journals. <URL: 
https://predatoryjournals.com/
journals/>

If these hints are not followed, one 
may well end up like a French doctor 
and researcher from Marseille who 
wrote in frustration on 15 February 
2020 on the social networking site 
ResearchGate:

Dear all
wish I saw this earlier
we paid for the fees
and the paper appears nowhere else than 
on their website
No answer to my emails
don’t think it’s possible to get the money 
back

Specific request

“As we are planning to accomplish the Volume 3 Issue 5 by the end of January in our [journal], but we are in deficit of articles for 
this issue. Hence, we require your voluntary contribution at least 2500–4000 words of article based upon your research interest. 
I hope, 2page article will not a big task for distinguished people like you.
Envisaging to have your precious manuscript by this weekend.”

“Hence we have selected some eminent authors like you to support our journal. We kindly request you to submit any type of  
your manuscript towards our journal and help us to reach the target for our next issue.”

“This is a follow up mail from the Editorial Office. We would be glad to know your opinion to submit your manuscript for the  
upcoming issue of the journal, so that we can plan accordingly to include it in the same.”

“I know you are busy. So i wanted to reach back out about my earlier request-have you had a chance to review the invitation  
that i sent over a couple of weeks ago.”

“We are in need of one article for successful release of Volume 4 Issue 4 by 4th February? Is it possible for you to support us  
with your 2 page opinion/case report or mini review, we hope 2 page article isn‘t time taken for eminent people like you. 
We hope you won‘t disappoint us. Acknowledge this email within 24hrs.”

Table 6 Examples of time-bound requests (partly in incorrect English)
(Tab. 1–6: JC Türp)
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Are zirconias of today different?

Background
The advantages of ceramic materials 
are generally considered to be their 
tooth-like translucent appearance, 
their good biological compatibility in 
direct contact with the gingiva and a 
wear pattern that is comparable to 
that of enamel. These criteria are 
usually met by lithium silicate ce-
ramics, which are indicated for ve-
neers, tabletops, single crowns and 
small anterior bridges. If we wish to 
expand the indication range and in-
tegrate larger restorations in the pos-
terior region, this objective is only 
achievable with zirconia ceramics [7]. 
However, the higher fracture strength 

of zirconia is obtained at the expense 
of an opaque, less tooth-like appear-
ance. This fact was initially not dis-
turbing because the opaque frame-
work was veneered with feldspathic 
ceramics. Since it has become tech-
nically possible, using the CAD/CAM 
process, to produce not only frame-
works made of zirconia, but also 
complete restorations with occlusal 
surfaces, the high opacity of zirconia 
is no longer desirable from a clinical 
point of view. Developments in re-
cent years have aimed to develop zir-
conias with the above-mentioned 
properties of silicate ceramics, which 
include combining translucency, bio-

compatibility, a tooth-like wear pat-
tern with higher fracture strength 
and the possibility of CAD/CAM pro-
cessing. These efforts have resulted in 
the development of different types of 
zirconia.

The crystal structure of zirconium 
dioxide (Fig. 1, Fig. 2) can be in-
fluenced by doping it with different 
amounts of yttrium and/or alumi-
num [13]. Zirconia exists in varying 
phases which depend on tempera-
ture; these are the cubic (> 2370°C), 
tetragonal (> 1170°C) or monoclinic 
(room temperature) phases; more-
over, phase transitions are accom-
panied by a change in volume. In the 
case of opaque “conventional zirco-
nia”, for example, tetragonal frac-
tions can be stabilized at room tem-
perature by doping them with 
3 mol% yttrium oxide (3Y-TZP, 
3 mol% yttria stabilized tetragonal 
zirconia polycrystal). This allows a 
spontaneous phase transformation to 
take place within the monoclinic 
crystal structure in response to me -
chanical stress. The increase in vol-
ume that occurs can, for instance, 
counteract the propagation of cracks.

Today we distinguish several gen-
erations or classes of zirconia [13]:
• 1st Generation 3Y-TZP-A →  

flexural strength > 1000 MPa →  
opaque

• 2nd Generation 3Y-TZP-LA →  
flexural strength 900 MPa 5 % →  
more translucent

• 3rd Generation 5Y-TZP →  
flexural strength 600 MPa 15 % →  
more translucent

• 4th Generation 4Y-TZP →  
flexural strength 750 MPa 10 % → 

• more translucent

Translation from German: Cristian Miron
Citation: Behr M, Füllerer J, Strasser T, Preis V, Zacher J: Are zirconias of today different? Dtsch Zahnärztl Z Int 2020; 2: 114–118
DOI.org/10.3238/dzz-int.2020.0114–0118

Figure 1 Scanning electron microscope imaging of the surface of 3Y-zirconia (magnifi-
cation: 10,000x)

PRACTICE MINIREVIEW
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• 5th Generation 3Y/4Y/5Y-TZP →  
flexural strength 550–1200 MPa 
1–15 % → more translucent 
(Multilayer with translucency 
gradients)

In a first step to make 3Y-TZP more 
translucent, the aluminum content 
was reduced in the 2nd generation. 
Yet, only the 3rd and 4th generations 
of zirconia show considerably im-
proved translucency. However, they 
achieve higher translucency at the 
expense of lower strength, with val -
ues being similar to those of lithium 
disilicate ceramics. The newest devel-
opment in zirconias are “Multilayer”; 
they combine areas of “highly” trans-
lucent and opaque zirconium diox-
ide in several layers within the same 
mill ing block (Fig. 3). By skillfully 
aligning the digitally planned resto-
ration in the milling block for the 
mill ing machine, larger bridges in 
the posterior region can also be fabri-
cated with a more natural color 
gradient. However, it is important to 
note that the more translucent areas 
of the milling blocks have a lower 
strength than the opaquer areas. This 
can result in clinical failures if the 
mixed blank is incorrectly planned 
and set up in the milling machine, as 
though the same flexural strengths 
were present in all areas of the blank. 
Furthermore, initial investigations on 
the strength of various Multilayer zir-
conias showed that the strength in 
the transition layer (interphase) 
could be a weak point [5]. The 
strength of this “transition layer” 
was about 30 % lower than the 
strength of the “pure” 3Y-TZP or 
5Y-TZP zirconia layers; thus, Kaizer, 
for instance, is of the view that the 
clinical indication for Multilayer 
should not be expanded, but rather 
limited [5].

Due to their opacity, 1st Gener-
ation zirconias are mainly used as 
framework materials. It is possible to 
veneer them with feldspathic ce-
ramics in order to obtain a natural 
looking tooth-colored restoration. 
The recurrent problems with chip-
ping, especially in combination with 
implant restorations [10], can be re-
duced through standardized and op-
timized processing protocols [14]. It 
is important to note that, in contrast 
to metal ceramics, the processing 

possibilities of zirconia are consider-
ably smaller. For example, local tem-
perature increases during the grind-
ing of metal-ceramics is relatively 
well distributed by the metal lattice 

structure, whereby the lattice struc-
ture of the ceramic leads to high  
temperature gradients. Due to the 
large temperature differences within 
closely spaced crystal structures, ini -

Figure 2 Scanning electron microscope imaging of the surface of 5Y-zirconia (magnifi-
cation: 10,000x). Note the larger particle size compared to 3Y-zirconia (Fig. 1).

Figure 3a–d Illustration of the different translucency degrees of different ceramic  
materials. This example uses a molar crown for tooth 46. View from lingual using light 
guide illumination. All crowns were made of different materials (a–d), but with the aid 
of the same digital dataset using CAD/CAM, the crowns all have identical wall thick -
nesses. (a) Ivoclar emax CAD (Ivoclar-Vivadent, Schaan, FL); (b) Pritidenta multidisc 
ZrO2 (Pritidenta, Leinfelden, D); (c) Ivoclar emax ZIRCAD Prime (upper position in 
Multilayer blank selected) (Ivoclar-Vivadent, Schaan, FL); (d) Ivoclar emax ZIRCAD 
Prime (lower position in Multilayer blank selected) (Ivoclar-Vivadent, Schaan, FL)
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Figure 4 Plot of an EDX analysis (energy dispersive X-ray spectroscopy) of a 3Y-zirconia surface. The plot shows the chemical  
elements found in the sample: Zr, Al, Mg, Y, Hf, O, Si.
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tial cracks form, which then propa-
gate during the period of use, and 
can then contribute to premature 
failure, such as chipping.

Besides the clinical concerns re-
garding chipping, the new digital de-
sign possibilities for directly designing 
teeth with functional occlusal surfaces 
has also fuelled the desire to process 
esthetically appealing restorations 
with more translucent zirconia using a 
single class of materials by means of 
CAD/CAM. By doping zirconium diox-
ide with 5 mol-% yttrium oxide, ab-
breviated as “5Y-TZP”, this require-
ment is fulfilled and the translucency 
partially reaches that of lithium disili-
cate ceramics [13]. However, this ad-
vantage of increased translucency is 
offset by the disadvantage of reduced 
flexural strength, which reduces the 
clinical indication range of this type of 
zirconia. In fact, the indication range 
for 5Y-TZP zirconia hardly differs from 
that of lithium disilicate ceramics [14]. 
Apart from single crowns in the anteri -
or and posterior areas, it only includes 
three-unit bridges in the anterior and 
premolar region. Bridges in molar area 
and the replacement of more than one 
pontic are usually not permitted. With 
4th Generation zirconias (4Y-TZP), the 
strength is further increased so that a 
few manufacturers have expanded the 
indication range to include that of the 
molar region. In this case, in the plan-
ning phase of a restoration, the differ-
ing specifications from the manufac-
turers should already be taken into ac-
count. 

What all zirconias have in com-
mon is that their wear pattern differs 
significantly from that of enamel or 
previous restorative materials [12, 
15]; they practically do not wear. Due 
to this fact, if wear-resistant mono-
lithic restorations are distributed un-
favorably in the dentition, occlusal 
changes that affect the position of 
the masticatory plane may result. 
Thereafter, functional interferences 
cannot be ruled out [2]. In order to 
avoid damage to the antagonist 
teeth, it is essential to always per-
fectly polish monolithic zirconia to a 
high gloss following occlusal correc-
tions [8, 11]. If this measure is 
omitted, antagonist teeth will be-
come disproportionately damaged 
through abrasion [12].

Moreover, the safety of zirconia as 
a material in clinical applications 
requires attention because the starting 
material for clinically used zirconia is 
the mineral “zircon”, which is a carrier 
of natural radioactivity [1, 16]. Besides 
zirconium silicate, it contains hafnium 
oxide, thorium oxide and uranium 
oxide. These “impurities” must be re-
moved from the material and this is 
achieved for thorium oxide and ura-
nium oxide. The small traces of haf-
nium (Fig. 4), which usually remain 
detectable in zirconium dioxide, are 
nevertheless harmless. However, an 
unsatisfactory fact is that the Medical 
Devices Act [9] does not contain any 
regulations regarding the purity of zir-
conium dioxide used for medical pur-
poses as of yet and that its treatment 
processes are not very transparent. 
Problems with hip joint prostheses 
from the 1990s show [3] that vigilance 
is required in this aspect.

Conclusion
Depending on their yttrium/alumi-
num doping ratio, dental zirconias 
show different properties. Zirconias 
with higher translucency have re-
duced mechanical strength compared 
to classical opaque zirconias. Due to 
this fact, their clinical indication 
range is limited. In fact, the clinical 
indications for translucent zirconias 
hardly differ from those of lithium 
disilicates. The restriction or broaden-
ing of the indication range to include 
the molar region must be carefully 
considered on a case-by-case basis in 
relation to the manufacturer, es-
pecially with respect to 4Y-TZP zirco-
nias. Particularly confusing is the 
widely varying indication range for 
the new 5th Generation mixed zirco-
nias with graded translucency within 
a milling block. For this generation, 
the indication range varies from only 
small three-span bridges in the ante -
rior region [6] up to the approval of 
14-unit bridges [4] (maximum of 
2 teeth per dental gap replaced). 
Therefore, nowadays, the concept of 
“the zirconia” does not exist, but 
rather a multitude of material vari-
ants, which are created for individua-
lized applications.

Michael Behr, Julian Füllerer, 
Thomas Strasser, Verena Preis,  

Julian Zacher, Regensburg
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Antonio Ciardo, Cornelia Frese, Ti-Sun Kim

Minimally invasive esthetic and 
functional rehabilitation after  
systematic periodontal therapy:  
a case report

Anamnesis: The patient was 45 years old at the time of his first consultation 
in 2017. He was referred for the treatment of his „progressive periodontitis“ 
and had not undergone previous periodontal therapy. The patient had no gen-
eral diseases, took no medication and claimed to be a smoker (35 pack years). 
His main complaints were that he suffered from tooth hypersensitivity, tooth 
mobility, bleeding gums and pain on biting in the posterior right upper jaw.

Clinical findings: Oral inspection revealed generalized soft and localized hard 
biofilm formation. Teeth 17–26 and 38–47 were present and they responded 
positively to sensitivity testing and negatively to percussion. The marginal 
gingiva appeared slightly edematous and swollen. There were generalized  
probing pocket depths of more than 7 mm and localized values up to 12 mm 
for teeth 45 and 46. The attachment level was generally above 7 mm and  
locally up to 13 mm for tooth 14. Grade I–III tooth mobility and grade 1–2  
furcation involvement were recorded. Tooth 22 was elongated, rotated and 
protruded. Panoramic X-ray imaging revealed that the alveolar ridge was  
located in the apical third of the roots as well as the presence of multiple  
areas of furcation involvement and periapical translucencies.

Diagnosis:
– Periodontitis Stage IV, generalized, grade C with modifying risk factor smoking
– Endo-periodontal lesion grade 3 at teeth 16 and 17
– Suspected endo-periodontal lesion at teeth 26, 38 and 47
– Suspected occlusal trauma at teeth 22 and 45
– Unharmonious anterior situation (multiple recessions, anterior teeth tipping 

towards vestibular, protrusion of tooth 22)

Therapy: The patient quit smoking until re-evaluation. Teeth with a mobility 
grade ≥ II were splinted using composite. Root canal treatments of teeth 16, 17 
and 26 as well as the functional reduction of teeth 22 and 45 were performed. 
Tooth 38 was extracted. Subsequently, anti-infective therapy ensued in form 
of a full-mouth-disinfection with adjuvant antibiotics. After re-evaluation and 
supportive periodontal therapy (SPT), corrective periodontal surgery of teeth 
with persisting probing pocket depths ≥ 6mm was performed by means of dis-
tal wedge excisions, root amputations and furcation tunneling. Six months 
after periodontal surgery, the periodontium appeared stable. According to the 
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Anamnesis

General anamnesis
The 45-year-old patient was in gen-
eral good health, did not take any 
medication, and was a current 
smoker (35 pack years). He had a 
height of 172 cm and weighed 85 kg. 

Specific anamnesis
The patient presented himself in 
May 2017 following a referral from 

his family dentist for further treat-
ment of his advanced periodontitis. 
He reported sudden tooth mobility, 
heavy bleeding and painful gums. 
He suffered from pronounced hyper-
sensitivity and from pain on biting 
in the posterior upper jaw. He 
claimed to brush his teeth twice 
daily with an electric toothbrush 
without performing additional inter-
dental cleaning. According to his 
knowledge, no systematic periodon -

tal therapy had thus far been per-
formed.

Social anamnesis
The patient was married and had 
2 children. He was employed. His 
family history of oral disease was in-
conspicuous.

Patient expectations
As part of the treatment plan, the pa-
tient‘s primary concern was maxi-

patient, there were subjective deficiencies due to interdental black triangles, 
recessions and tooth tipping towards vestibular in the anterior region. Thus, 
direct shape corrections of teeth 14–24 and 34–44 and closure of the inter -
dental gap between teeth 43 and 44 followed.

Conclusion: After successful periodontal treatment, functional corrections 
and direct restorative techniques with composite can be used even for patients 
with severe periodontal disease in order to achieve minimally invasive and 
successful treatment outcomes.

Keywords: adjuvant antibiotic administration for subgingival instrumen-
tation; endo-periodontal lesion; endodontic therapy; direct composite splint-
ing; resective periodontal surgery; root amputation; furcation tunneling; 
shape correction; tooth widening; rehabilitation; smoking cessation; esthetics

Figure 1 Photo status of the initial situation with localized hard and generalized soft biofilm and tooth tipping towards vestibular in 
the upper jaw anterior region (05/2017)
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mum tooth preservation and elimi -
nation of oral pain and inflammation.

Findings

Extraoral findings
The extraoral findings were incon-
spicuous with the lips closed. When 
speaking, a pronounced foetor ex ore 
and a lisping was perceived by the 
practitioner.

Intraoral findings
The mucous membranes of the 
pharyngeal ring, the floor of the 
mouth, the tongue, the hard and soft 
palate, the cheeks and the lips 
showed no pathological findings. 
Generalized plaque as well as tartar 
and edematous swellings of the gingi-
va in the mandibular anterior region 
were present. In addition, generalized 
stains could be determined. There 
were 28 teeth present. Teeth 18, 27, 
28 and 48 were missing. Teeth 17, 16, 
26 and 47 were restored with direct 
amalgam restorations; teeth 37, 36, 
35, 45 and 46 displayed direct com-
posite restorations, which proved to 
be satisfactory on visual and tactile 
inspection. Little attrition, abrasion 
and erosion were found based to the 
patient‘s age. All teeth tested positive 
during sensitivity testing using cold 

Figure 2 Initial findings with generalized probing pocket depths and attachment level 
≥ 7 mm as well as generalized BOP and suppuration, mobility grade III and furcation  
involvement up to grade II (05/2017)

Figure 3 Panoramic X-ray (05/2017) with prognosis estimate (Kwok & Caton, 2007 [10]; prognosis gradation: green = favorable,  
yellow = questionable, orange = unfavorable, red = not possible)
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spray and the percussion test was 
negative (Fig. 1 and 2).

The probing pocket depths were 
0–3 mm for 15 %, 4–6 mm for 32 % 
and ≥ 7 mm for 53 % of the sites. 
Teeth 16, 13, 12, 11, 23, 24, 26, 38, 36, 
44, 46 and 47 displayed probing 
depths of up to 10 mm, while teeth 14 

and 45 had probing depths up to 
12 mm. The attachment level was 
0–2 mm for 1 %, 3–4 mm for 13 % 
and ≥ 5 mm for 86 % of the sites. 
Bleeding on probing (BOP) was gen-
eralized and present for 74 % of the 
sites. After probing, pus discharge was 
observed around teeth 16–11, 22, 24, 

26 and 38–36. Furcation involvement 
grade I and grade II was observed for 
teeth 17, 16 and 14 and teeth 26, 37, 
36 and 47, respectively [8]. With re-
gards to tooth mobility, teeth 15 and 
37 displayed grade I, teeth 17, 16, 11, 
22, 25 and 38 grade II, and teeth 14, 
24 and 47 grade III. 

Figure 5 Photo status at SPT II with visible attachment losses and black triangles in the anterior region as well as existing direct splints 
(03/2018)

Figure 4 X-ray status with the generalized horizontal course of the alveolar ridge in the apical third of the root with apex involvement 
of teeth 17 and 16, furcation involvement and vertical defects (05/2017)
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Radiological findings
In the panoramic X-ray image from 
05/2017, the horizontal course of the 
alveolar ridge in the upper jaw was 
seen to be in the apical third of the 
root and in the lower jaw, in the 
middle to apical third of the root. In-
terradicular translucent areas that indi-
cated furcation involvement were ob-
served for the teeth 17, 16, 14, 24, 26, 
38–36, 46 and 47. Periradicular trans-
lucencies extending to the radiological 
apex were observed on teeth 17, 16 
and 26. The temporomandibular joints 
were symmetrical and the ventilation 
in the maxillary sinuses was equal as 
far as it could be assessed (Fig. 3).

In the X-ray status from 05/2017, 
additional periradicular translucen-
cies were observed which indicated 
vertical bone defects around teeth 14, 
24, 36 and 35. Periradicular trans-
lucencies corresponding to widened 
periodontal spaces were noticeable 
around teeth 22 and 45. Teeth 15–25 
and 37–47 displayed no pathological 
findings at the root apices (Fig. 4).

Diagnosis
• Periodontitis stage IV, generalized, 

grade C with modifying risk factor 
smoking [13]

• Endo-periodontal lesions grade 3 
on teeth 16 and 17 [13]

• Suspicion of endodontic lesions on 
teeth 26, 38 and 47

• Suspicion of occlusal trauma on 
teeth 22 and 45

• Unharmonious anterior situation 
(multiple recessions, anterior teeth 
tipping towards vestibular, protru-
sion of tooth 22)

Prognosis
A prognosis assessment according to 
Kwok & Caton, 2007 is shown in Fig-
ure 3 [9]. In this case, local factors 
such as attachment level, probing 
pocket depth, furcation involvement 
and tooth position were used for dif-
ferentiation [9].

Therapy 

Therapeutic plan
• Smoking cessation
• Endodontic treatment of teeth 16, 

17 and 26
• Extraction of tooth 48
• Systematic periodontal therapy 

Figure 6 Findings at SPT II with generalized probing pocket depths ≤ 3 mm as well as 
localized BOP, mobility up to grade I and furcation involvement up to grade II 
(03/2018)

Figure 7a–d Resective periodontal surgery on teeth 17 to 15 with root amputation 
(mb) of tooth 16 and distal wedge excision on tooth 17 (a: endodontic therapy, b: pre-
operatively, c: mesiobuccal root amputation, d: 1 week post-operatively)
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• Direct composite splinting of all 
teeth with mobility grade ≥ II

• Functional corrective measures on 
teeth 22 and 45

• Esthetic rehabilitation of the ante -
rior teeth

Endodontic therapy
Teeth 17 and 16 were endodontically 
treated with mechanical instrumen-
tation as part of the anti-infective 
therapy. The pre-surgical endodontic 
treatment of tooth 26 was performed 
after the anti-infective therapy. Be-
fore trepanation closure with com-
posite, the root canal fillings were 
each shortened by about 3 mm from 
the canal entrance in order to guar-
antee separation of the roots in com-
posite during the ensuing root ampu-
tation.

Anti-infective therapy
The patient could be convinced to 
stop smoking. During periodontal 
pre-treatment, he managed to be-
come a non-smoker abruptly with 
the help of nicotine patches. The  
patient attended 3 oral hygiene 
sessions at intervals of approxi-
mately 2 weeks. In these sessions, in-
tensive oral hygiene training with 
individualized interdental brushes 
(Curaprox CPS 14, LS 635G, LS 636, 
Curaden Germany GmbH, Stuten-
see, Germany), which were adapted 

to his interdental spaces, took place 
and the parameters Plaque Control 
Record (PCR according to O‘Leary, 
1972) and Gingival Bleeding Index 
(GBI according to Ainamo & Bay, 
1975) were recorded [2, 12]. The GBI 
was between 1 % and 0 % in each 
case and the PCR could be improved 
from 61 % to 14 % over the course 
of the sessions. All teeth with a mo-
bility grade ≥ II were splinted di-
rectly with composite (teeth 17–13, 

12–11, 22–27, 37–36 and 45–47). 
The functional contact relations of 
teeth 22 and 45 were corrected by 
selective reduction.

Subgingival scaling and root 
planning (SRP) was performed for 
each half of the mouth as part of a 
full-mouth disinfection (FMD) on 2 
consecutive days [18]. Due to the 
endo-periodontal lesions and the re-
cently performed root canal treat-
ments, teeth 17 and 16 were only in-
strumented in the coronal third of 
the root in order to not endanger the 
endodontic regeneration potential of 
the apical root areas [16]. Tooth 48 
was extracted during the FMD. Sub-
sequent to SRP, chlorhexidine gel 
(1 %) was applied to the treated 
pockets. An adjuvant systemic anti-
biotic was prescribed – 375 mg amox-
icillin and 250 mg metronidazole 

Figure 9a–e Periodontal surgery on teeth 33 to 31 with subtractive measures of root reduction on tooth 32 and periodontal surgery 
on teeth 41 to 42 (a: X-ray imaging of initial situation, b: pre-operatively, c: defect and root surface cleaned, d: odontoplasty,  
e: 1 week post-operatively)

Figure 8a–d Periodontal surgery on teeth 37 to 34 with subtractive odontoplasty in 
the furcation area of tooth 36 (a: X-ray imaging of initial situation, b: pre-operatively,  
c: odontoplasty + distal root amputation, d: 1 week post-operatively)
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3 times daily for 7 days [1]. The pa-
tient was instructed to rinse the oral 
cavity twice daily with chlorhex-
idine mouthwash (0.2 %, alcohol-
free) for the following 2 weeks and 
to brush the teeth with chlorhex-
idine gel (1 %) before using the in-
terdental brushes. One week later, a 
follow-up examination was perform-
ed; the gingiva appeared inconspicu-
ous and another subgingival instil-
lation of chlorhexidine gel (1 %) was 
applied into the treated pockets. An-
other week later, a second follow-up 
examination was performed and the 
findings were again inconspicuous. 
The resulting chlorhexidine stains 
on the tooth surfaces were removed 
by polishing.

Reevaluation/supportive  
periodontal therapy (SPT I)
The patient came for re-evaluation/
SPT I 3 months after SRP. Subjec-
tively, he reported a perceived clear 
improvement in the peri odontal situ-
ation with no recurrent inflam-
mation or bleeding.

The probing pocket depths were 
1–3 mm at 60 %, 4–6 mm at 36 % 
and ≥ 7 mm at 4 % of the sites. The 
attachment level was 0–2 mm at 
4 %, 3–4 mm at 31 % and ≥ 5 mm at 
64 % of the sites. Bleeding on Prob -
ing (BOP) was recorded for 12 % of 

the sites. Grade I furcation involve-
ment was present at teeth 17, 36 
and 46, while grade II was observed 
at teeth 16, 26, 37 and 47. Teeth 
12–22, 35, 32–42 and 45 exhibited 
grade I mobility. The mobility of 
teeth 22 and 35 resulted from frac-
tures of the composite splints. These 
were repaired with composite dur-
ing treatment. The sensitivity test 
using cold spray was negative on 
the endodontically treated teeth 17 
and 16 and positive on all other 
teeth, while the percussion test was 
negative for all teeth. Supragingival 
and subgingival scaling of all re-
cessed pockets ≥ 4 mm with BOP 
was performed. The root surfaces of 
teeth 17 and 16 were also instru-
mented to the bottom of the 
pockets at approximately 7 months 
after endodontic therapy. The peri-
odontitis risk assessment modified 
according to Ramseier & Lang 1999 
showed a high risk of periodontitis; 
thus, a 3-month SPT interval was 
recommended [15].

Corrective surgical therapy
Prior to corrective surgical therapy, 
SPT II (approximately 6 months after 
FMD) was awaited (Fig. 5 and 6).

Probing pocket depths of up to 
6 mm at tooth 16 and 7 mm at tooth 
17 were still present. Teeth 17 and 16 

displayed grade I and grade II fur-
cation involvement, respectively. 
Kirkland flaps were used to perform 
flap surgery from tooth 17 to 15 (Fig. 
7). The mesiobuccal root of tooth 16 
was resected as it was surrounded by 
the least amount of bone; the re-
maining root surfaces were instru-
mented under direct vision and the 
furcation entrance between the pala-
tal and distobuccal roots was levelled 
by subtractive surgery. The tooth was 
reduced from functional occlusion to 
counteract extraaxial loading. A dis-
tal wedge excision was performed at 
tooth 17. The wound was closed with 
single button sutures (5–0 Prolene). 
Seven days later, the wound was 
checked and the sutures were re-
moved. The patient was symptom-
free and wound healing progressed 
concordantly. 

Teeth 37–35 showed mesial prob -
ing pocket depths of up to 6 mm 
with grade I furcation involvement at 
teeth 37 and 36. A flap operation was 
performed using a Kirkland flap with 
subtractive odontoplasty of the fur-
cation area on tooth 36 (Fig. 8). 
Wound closure was performed using 
5–0 Prolene. The sutures were re-
moved one week post-operatively. 

Teeth 31 and 41 showed persis -
tent, localized probing depths of up to 
7 mm. A flap operation on tooth 32 
using a Kirkland flap and subtractive 
root reduction measures ensued (Fig. 
9). The sutures (5–0 Prolene) were re-
moved one week post-operatively. 

Tooth 45 still had a probing 
depth of up to 6 mm. Teeth 46 and 
47 displayed furcation involvement 
up to grade II. A flap operation was 
performed at teeth 47 to 45. Schluger 
and Sugarman files for the tunneling 
(Hu-Friedy Mfg. Co., LLC., Frankfurt 
am Main, Germany) of the furcation 
of tooth 46 were used, while subtrac -
tive measures of the furcation area on 

Figure 10a–e Periodontal surgery on teeth 44 to 47 with tunneling of the furcation of 
tooth 46 (a: X-ray imaging of initial situation, b: pre-operatively from lingual, c: tun-
neled furcation area traversed with gauze bands, d: gingival dressing, e: 1 week post-
operatively with adapted interdental brushes in the furcation)
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tooth 47 were performed (Fig. 10). 
After primary wound closure (4–0 
Ethibond), a gum dressing was ap-
plied in the created tunnel and peri-
coronally. One week post-operatively, 
the gum dressing and sutures were  
removed and an interdental brush 
(Curaprox, CPS 14) was adjusted to 
fit in the tunnel for daily hygiene.

Tooth 26 showed furcation in-
volvement up to grade II. A flap oper-
ation was performed with amputation 
of the two buccal roots of tooth 26 
(Fig. 11). The wound was closed with 
5–0 Prolene. In order to minimize 
extraaxial loading, the height and 
width of the tooth crown was reduced 
towards the buccal direction. One 
week post-operatively, wound healing 
progressed concordantly. 

Esthetic and functional  
rehabilitation
Stable periodontal conditions were 
seen at SPT III. However, the patient 
was not definitively satisfied with the 
esthetic and functional consequences 
of his periodontal disease and its 
therapy. Subjectively, he was dis-
turbed by the black triangles, the 
tooth tipping towards vestibular of 
the maxillary anterior teeth, and es-
pecially, the elongated, extruded and 
rotated tooth 22. Phonetic impair-
ments existed in the form of lisping 
and the patient stated that he often 
spat while speaking. Although hyper-
sensitivity was improved by local fluo- 
ridation measures, it was still notice-
ably present. Tooth 22 continued to 
display an interference contact dur-
ing protrusive movements.

A wax-up was used to aid the pa-
tient in visualizing the intended re-
sult of the treatment and a silicone 
key was made from it. While being 
kept relatively dry, the enamel of 
teeth 14–24 and 34–44 was sand-
blasted with aluminum oxide 
powder, etched, and then primer and 
adhesive (Optibond FL) were applied 
and light-cured. Using the individua-
lized direct veneering technique, the 
tooth shape and position were cor-
rected with composite (Tetric Evo 
Ceram, Dentin & Enamel, A3 & A2). 
In this way, the existing rotations, 
protrusions and elongations were 
compensated and the gaps were com-
pletely closed. Tooth 22 was reduced 

to such an extent that the functional 
interference contact was eliminated. 
The final tooth shape adjustments 
and high-gloss polishing took place 
in a second appointment. First, mac-
rostructures were integrated by ver-
tical indentations of the labial sur-
faces and the transitions of the proxi-
mal areas were designed with Soflex 
discs. Subsequently, the high-gloss 
polishing was carried out using sili-
cone polishers and precisely fitting 
interdental brushes (Fig. 12 and 13) 
were selected.

Supportive periodontal  
therapy
The patient appeared regularly for 
SPT. Every 3 months he received a 
professional teeth cleaning and oral 
hygiene instructions. The GBI was 
0 % and the PCR ranged between 15 
and 44 %. Every 6 months a dental 
examination was performed; the peri-
odontal status was determined and 
subsequent subgingival instrumen-
tation of sites where increased prob -
ing pocket depths existed was carried 
out. The patient reported having the 
feeling of a stable absence of inflam-
mation during the SPT. However,  
during the SPT phase, he started 
smoking again (approximately 
10 cigarettes/day) and attributed this 
to increased stress levels and a sup-
posedly stable oral health.

In SPT III, the probing depths 
were 1–3 mm at 88 % and 4–5 mm at 
12 % of the sites, respectively. BOP 
was present at 6 % of the sites.

At SPT IV in 07/2019, the probing 
depths were 1–3 mm at 94 % and 
4 mm at 6 % of the sites (Fig. 14 and 
15). The attachment level was 
0–2 mm at 15 %, 3–4 mm at 42 % and 
≥ 5 mm at 43 % of the sites. BOP was 
observed at 9 % of the sites. Tooth 46 
showed grade III furcation involve-
ment with functional home-based hy-
giene. Teeth 17, 16, 14, 24, 37 and 36 
continued to show grade I furcation 
involvement. Teeth 12, 11, 22 and 
32–41 exhibited grade I mobility. The 
sensitivity test using cold spray was 
negative on the endodontically 
treated teeth 17, 16 and 26, but posi-
tive on all other teeth, while the per-
cussion test was negative on all teeth. 
Due to the enlarged interdental spaces 
in the posterior region and reduced 
interdental spaces in the anterior re-
gion, the interdental brushes also had 
to be adapted based on their cor-
responding PHD values (PHD = pas-
sage hole diameter) (Curaprox CPS 12, 
15; TePe grey, black, TePe D-A-CH 
GmbH, Hamburg, Germany). The 
periodontitis risk assessment modified 
according to Ramseier & Lang, 1999 
indicated a medium periodontitis risk. 
Thus, a 6-month SPT interval was rec-
ommended (Fig. 16) [15].

Figure 11a–d Resective periodontal surgery on teeth 25 to 26 with root amputation 
(mb + db) of tooth 26 (a: endodontic therapy, b: pre-operatively, c: mesiobuccal and 
distobuccal root amputation, d: 1 week post-operatively)
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Epicrisis
The initial diagnosis was based on 
the masticatory dysfunction due to 
the existing tooth mobility ≥ grade II 
and tooth tipping towards vestibular 
in the upper front area [13]. Since the 
attachment level at more than 30 % 
of the teeth was ≥ 5 mm approxi -
mally, a generalized extent was ob-
served [13]. As the primary criterion 
for determining the grading, the 
bone resorption index could be calcu-
lated as indirect evidence [13]. This 
was > 1.00 (tooth 16: 100 % bone re-
sorption/45 years of age), so that a 

rapid rate of progression (grade C) 
could be assumed [13]. In addition, 
initial smoking ≥ 10 cigarettes/day 
constituted a modifying factor for the 
classification as grade C [13].

Diagnosis of grade III endo-peri-
odontal lesions was based on the 
presence of deep periodontal pockets 
on more than one side of each tooth 
[13]. The appraisal of teeth 26, 38 
and 47 was in this respect more criti-
cal. Although the advanced periradi-
cular bone loss as seen in the X-ray 
was indicative of an endo-peri -
odontal lesion, the teeth reacted posi-

tively to sensitivity testing and did 
not show any signs of pulpitis.

The decision to use adjuvant anti-
biotics was made in accordance with 
the current S3 guideline of the 
DG PARO/DGZMK [1]. Since the 
prob ing pocket depths at over 35 % 
of the measured sites were ≥ 5 mm 
and the patient was ≤ 55 years old, it 
was possible to prescribe systemic 
antibiotics [1]. The selection and do-
sage chosen here corresponds to the 
original recommendation for the 
„Van Winkelhoff cocktail“. The cur-
rent S3 guideline specifies a dosage of 
500 mg amoxicillin and 400 mg met -
ronidazole [1].

By preserving the teeth, including 
the ones with an unfavorable progno-
sis, the patient could achieve a state 
of periodontal stability. Figure 17 
shows the changes in probing pocket 
depth and attachment level at SPT IV 
compared to the initial situation.

As an alternative treatment, the 
planning of a removable denture 
would have been possible. Due to the 
generally advanced loss of attach-
ment and the questionable value of 
the abutment teeth, this may have 
possibly implied the complete extrac-
tion of teeth in the upper jaw. Indi-
vidual periodontally compromised 
teeth could have been retained in 
situ during the fabrication of a cover 
denture. The patient declined this 
treatment option due to his young Figure 13a–d Anterior esthetics before (a, b) and after shape corrections (c, d)

Figure 12a–j Shape corrections of teeth 14–24 and 34–44 (a: functional interference contact on tooth 12, b: wax-up, c + d: teeth 
sandblasted, e: incisal silicone stop, f: edge build-up, g: composite layering, h + i: composite finishing, j: polishing)
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age and the desire to preserve his 
teeth and be treated with a fixed res-
toration.

The prognosis for the success of 
resected molars is well documented 

[3–6]. In a dental office setting,  
Fugazzotto showed a cumulative suc-
cess rate over 15 years of 96.8 % for 
resected molars compared to 97 % for 
implants in the molar region [6].  

According to Alassadi et al., the main 
reasons for the possible extraction  
of a resected molar are fractures 
(39.5 %), caries (26.3 %) and peri -
odontal causes (23.7 %) [3].

The patient’s compliance during 
SPT and the adequate home-based hy-
giene were the basis for why the tun-
neling of the resected maxillary mo -
lars could be achieved successfully [11, 
17]. Regular fluoridation of the fur-
cation areas should also be carried out 
in the future in order to prevent caries 
occurrence on the exposed root sur-
faces where the caries risk is high [10].

The patient‘s desire for esthetics 
in the anterior region could be ful -
filled by means of form corrections. 
In a study conducted in more 
centers, the functional and overall 
survival rates of shape corrections 
were over 98.5 % after 10 years and 
77.6 % after 15 years [19]. Chipping 
fractures were identified as the most 
frequent adverse occurrences [19]. 
The periodontal parameters (probing 
pocket depth, attachment level, 
bleeding index) were also stable after 
a mean follow-up period of 15.5 years 

Figure 14 Photo status, mostly inflammation-free with existing form corrections of teeth 14–24 and 34–44 (07/2019)
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and they showed no statistically  
significant differences compared to 
examinations on defined control 
teeth [7]. However, due to increased 
biofilm adhesion on aged composite 
material, the plaque index was 
slightly higher than on the natural 
control teeth [7].

To objectify and evaluate the suc-
cess of the treatment, this patient 
case was evaluated according to the 
SSO Quality Guidelines. The results 
are predominantly class A [14].

Conclusion
Patients with severe periodontal dis-
eases can be rehabilitated after suc-
cessful periodontal therapy by means 
of functional corrections and direct 
restorative techniques with compos-
ite. In this way, tooth substance is 
preserved, and to a large extent, es-
thetic and functional demands can 
be successfully fulfilled. 

Conflicts of Interest
Parts of this case documentation 
were presented at the annual confer-
ence of the German Society of Peri-
odontology in 2019 and a poster 

Figure 15 Findings of SPT IV with generalized probing pocket depths ≤ 3 mm as well 
as localized BOP, mobility up to grade I and furcation involvement up to grade III 
(07/2019)
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A complex case: Ewald Harndt 
(1901–1996) and his relationship  
to National Socialism

Introduction: Ewald Harndt (1901–1996) has shaped modern German den -
tistry like hardly any other scientist: The leading national professional society 
(DGZMK) elected him its president (1957–1965), the Free University of Berlin 
appointed him its rector (1967–1969), and the German Dental Association 
(BZÄK) awarded him the Fritz-Linnert Badge of Honour (1991). He received 
similar awards and honours throughout the world. 

Discussion: While Harndt‘s professional and academic achievements are un-
disputed, there is still a lack of clarity regarding his role in the Third Reich:  
On the one hand, he was dismissed in 1945 due to his membership in the 
Nazi Party (NSDAP), on the other hand, more recent articles point out that 
Harndt was considered a political suspect in the Nazi state and thus place him 
close to an opponent or even victim of the Nazi regime. Against this back-
ground, the present paper aims to illuminate Harndt’s relationship to National 
Socialism. The methodological basis is a comprehensive analysis of the avail-
able archival sources and contemporary printed material and a systematic re-
evaluation of the secondary literature on Ewald Harndt. 

Results: It can be shown that Harndt made a number of inconsistent, false or 
euphemistic statements, particularly in the denazification process. The source 
analysis leads to the conclusion that Harndt cannot be classified as a victim 
but as a political follower. He was undoubtedly not a “fervent” National So-
cialist, but he served the regime as a member of various Nazi organizations 
and networks, as well as by endorsing Nazi “health policy” and using Nazi 
terms – notably in the fields of eugenics (“vererbt geistig minderwertige 
Kinder”, “Unfruchtbarmachung”, “Blutsverwandtschaft”) and religion 
(“deutschreli giös”).
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Introduction 
The scientific and professional im-
portance of Ewald Harndt is beyond 
doubt: There is hardly any important 
position within the university hier-
archy and hardly any honour in the 
field of dentistry that he did not 
archive or receive. Even after his 
death he remained in the collective 
memory of the profession, as shown 
by the “Ewald Harndt Medal” last 
awarded in 2018. 

However, Harndt’s role in the 
Third Reich is much less contoured: 
On the one hand, it is known that he 
belonged to the Nazi Party (NSDAP), 
and on the other hand, more recent 
essays claim that Harndt had been 
classified as a political suspect in the 
National Socialist state and had suf-
fered repression.

But what are the historical facts? 
What really distinguished his per -
sonality, what was his role in the 
Third Reich and how did his career 
develop – before 1945, but also in the 
post-war period? Was Harndt a perpe-
trator or a victim, or does he evade 
such dichotomous categorization? 
These are the core questions of this 
paper. The first step is to trace the life 
and work of Ewald Harndt. In the fol-
lowing, the focus will be on the years 
1933 to 1945 to examine Harndt‘s  
relationship to National Socialism. 
Subsequently, it will be clarified how 
Harndt‘s role in the Third Reich was 
perceived and evaluated after 1945 – 
starting with the denazification pro-
ceedings, through the laudations and 
obituaries up to other more recent 
publications that deal with his bi-
ography. In the end, concise con-
clusions are drawn.

Material and Methods
The study is based on several archival 
source collections from the Federal 
Archives in Berlin and the Berlin 
State Archives, some of which have 
been evaluated for the first time. 
Among them is also the denazifi-
cation file of Ewald Harndt. 

In addition, Harndt‘s publications 
and reviews from 1933 to 1945, vari-
ous directories of dentists and the 
“Reichsarztregister” (German medical 
register) were analyzed. Moreover, a 
systematic re-analysis of the relevant 
international research literature on 

the life and work of Ewald Harndt 
and his professional environment 
was carried out – with a specific focus 
on the issues outlined above.

Results

Ewald Harndt – a brief outline 
of his life and work
Ewald Albert Heinrich Harndt was 
born on January 22, 1901 in Berlin 
(Fig. 1, [49]). His curriculum vitae is 
very well documented [2, 16, 17, 20, 
53, 62–64, 66, 68, 71, 74, 75]. He was 
the son of the Berlin merchant Adolf 
Harndt and his wife Emma, née 
Peege [2]. Harndt grew up in Berlin, 
where he attended elementary  
school (1907–11), secondary school 
(1911–16) and subsequently the “Kö-
nigstädter Oberrealschule”. There he 
passed his Abitur in 1920 [60]. In the 
same year he began studying medi-
cine and dentistry in Berlin. In 1924 
he passed the dental examination – 
also in Berlin – and obtained his 
license to practice dentistry. There he 
received his doctorate (Dr. med. 
dent.) in 1925 with a “histological-
bacteriological study on periodontitis 
chronica granulomatosa”. In 1926 he 
passed the medical examination and 
obtained his license as physician. 

A year earlier, in 1925, he had  
already founded a dental practice in  
a working-class district of Berlin, 
which, however, “had only little 
popularity” [64], so that he looked 
for alternatives. In 1926 he became a 
volunteer at the Surgical Clinic of the 
Friedrich Wilhelms University Berlin 
with August Bier and at the Medical 
Clinic with Friedrich Kraus. In 1927 
he moved to the Dental Institute of 
the University of Berlin as an assis -
tant, where he worked with the re-
nowned professors Wilhelm Dieck, 
Fritz Williger and Hermann 
Schroeder. There he gained a foot-
hold: In 1929, he obtained his sec-
ond doctorate (Dr. med.) on the 
“Amalgam-Mercury Question”. In the 
year preceding the doctorate he had 
married Frieda Gertrud Koepnik in 
Berlin who bore him 2 sons – Rai-
mund (1930–2010) and Thomas 
(*1932) [2]. In 1935 he became senior 
assistant and closest collaborator of 
Dieck‘s successor Eugen Wannen-
macher. In June 1936, Harndt‘s ha-

bilitation on the subject of “Rho -
danide in Saliva” was completed, and 
in April 1938 he was appointed as a 
“Privatdozent” (private lecturer, com-
parable to associate professor) – also 
in Berlin. One year later, he became a 
“Dozent neuer Ordnung” (lecturer of 
the new order) – which was a better 
financial position –, and in 1944 he 
became a “außerplanmäßiger Profes-
sor” (titular professor). 

After the end of the Second World 
War, Harndt was released from uni-
versity service by registered mail from 
the occupying authorities (Fig. 2, 
[60]). In 1946, however, things went 
uphill again: He then became (ini -
tially provisional) head of the De -
partment of Dental Conservation at 
the Dental Institute of the University 
of Berlin. In 1948, he was promoted 
to the position of regular extraordi-
nary professor and director of the De-
partment for tooth conservation at 
the Dental Institute of the former 
Friedrich Wilhelm University in East-
ern Berlin (since 1949: “Humboldt 
University of Berlin”). In May 1950 
he became full professor (“Ordina-
rius”) and director of the Dental Insti-
tute. Then Harndt decided to take a 
momentous step: In November 1950 
he gave up his professorship in the 
East and moved to West Berlin, where 
he initially worked as a dentist in a 
private practice. But already in 1951 
he was offered a position at the newly 
founded Free University (Freie Uni-
versität, FU) in West Berlin. Here he 
started as a lecturer, became an hon-
orary professor in 1954 and then full 
professor (“Ordinarius”) for dentistry, 
oral and maxillofacial surgery and 
head of the (newly established) poly-
clinic of the same name in 1956. He 
held these positions until his retire-
ment in 1970. Several years of work 
in his own dental practice followed. 

Ewald Harndt died on October 
11, 1996 in Bad Pyrmont – at the 
blessed age of almost 96 years.

At the end of his life Harndt could 
look back on a brilliant career with 
many awards and outstanding offices, 
which can only be addressed here in 
extracts: In early 1937 Harndt receiv-
ed the Miller Prize of the “Deutsche 
Gesellschaft für Zahn-, Mund- und 
Kieferheilkunde” (German Associ-
ation for Dental, Oral and Maxillofa-
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cial Medicine, DGZMK) – then as 
now the most important scientific 
prize in German dentistry. From 1947 
to 1968 he was an elected board 
member of the German “ARPA” 
(today: German Society for Periodon-
tology, DGParo) and from 1949 to 
1969 a board member of the DGZMK, 
including 8 years (1957 to 1965) as 
president. Harndt also was a success-
ful editor in the post-war period: as 
early as 1947 he was active in this 
function for the DZZ (German Dental 
Journal – for the Berlin section, until 
1964). In the same year he also be-
came editor-in-chief of the “Forum 
Parodontologicum”, and from 1955 
to 1976 he published the popular 
“Deutscher Zahnärzte-Kalender” (Ger- 
man Dentist Calendar).

In 1954 he received the “Jahres-
bestpreis” (Annual Best Price) of the 
DGZMK for his scientific work, in 
1957 the medal of the Association 
Générale des Dentistes de Belgique 
and in 1959 the honorary member-
ship of both the Italian Stomatolo -
gical Society and the Fédération 
National Française. Honorary mem-
berships in the Association of Aus-
trian Dentists (1961), ARPA Inter-
nationale (1963), American College 
of Dentists (1964) and DGZMK 
(1967) followed. 

He also rose to the highest uni-
versity positions: In 1961 he was 
elected Dean of the Medical Faculty 

of the FU Berlin and in 1968 he be-
came Rector of the university – this 
step undoubtedly marked the height 
of his career. After Oskar Römer 
(1928), Johannes Reinmöller (1933) 
and Heinrich Hammer (1958), 
Harndt was only the fourth German 
professor of dentistry to be elected 
rector. 

This was followed in 1968 by the 
“Elmer S. Best Memorial Award” of 
the Pierre Fauchard Academy, in 
1969 by the honorary membership of 
the German ARPA and in 1972 by 
that of the Association of University 
Lecturers in Dentistry, Oral and 
Maxillofacial Medicine. In 1974 
Harndt received the “Goldene Ehren-
nadel” (Gold Badge of Honor) of the 
DGZMK, in 1985 the “Goldene 
Ehrennadel” of the “Deutsche 
Zahnärzteschaft” (German Dental  
Association), in 1987 a further hon-
orary membership of the “Deutsche 
Gesellschaft für Zahnerhaltung” (Ger-
man Society for Tooth Preservation, 
DGZ). 

While a jubilee publication had 
been published for Harndt‘s 80th 
birthday [53], a ceremony was held at 
the Charité in 1991 in honour of his 
90th birthday. Now, Harndt was 
awarded the “Fritz-Linnert-Ehren-
zeichen” (Fritz-Linnert Medal of 
Honor) of the German Dental Associ-
ation. Finally, in 2001 a festive sym-
posium followed in memory of 

Harndt, who would have turned 100 
this very year. On this occasion, the 
”Zahnärztekammer Berlin“ (Berlin 
Dental Council) established the 
“Ewald Harndt Medal” [16, 63].

Harndt‘s main areas of work and 
research were tooth preservation and 
endodontics, in particular pulpitis 
diagnostics and systematics as well as 
the principles of gangrene treatment. 
In the German-speaking world he be-
came the eponym of the “Harndts 
Pulpitis Schema” (Harndt‘s Pulpitis 
Scheme) [14]. In addition, he estab-
lished a system of gangrene treat-
ment, whereby he considered the 
latter – contrary to the common 
opinion of his time – also promising 
for molars. Besides, he dealt with cast 
fillings, the questionable toxicity of 
silver and copper amalgams, the (pro-
tective) role of saliva in cariology, 
gingival and periodontal diseases and 
oral histobacteriology and patho-
physiology. Harndt was also very 
much in favour of retaining high-
quality amalgams in dentistry. Fur-
thermore, his animal experiments 
were widely recognized: Harndt fed 
beagles with sugar in order to investi-
gate possible tooth damage caused by 
sugar intake (“sugar dogs”). His ha-
bilitation study on “salivary rho -
danide” also attracted a great deal of 
attention – it was precisely this work 
that earned him the Miller Prize 
mentioned above [53].

Figure 1 Ewald Harndt (1901–1996) Figure 2 Dismissal of Harndt from university (1945)
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Harndt was regarded as an ex-
tremely powerful and influential per-
sonality and thus occasionally re-
ceived criticism. In his autobi-
ography, Carl-Heinz Fischer stressed 
that Harndt, as chairman of the 
DGZMK, “could not part with his 
presidency” [17] and that Harndt 
had managed to be made the suc-
cessor to the emeritus Carl Ulrich 
Fehr in Berlin in the mid-1950s – 
against the explicit wish of the latter 
[17]. In addition, Fischer ambigu-
ously remarked that Harndt‘s rector-
ate had attracted a lot of attention 
[17]. In fact, his rectorate (1967 to 
1969) was in the public eye – es-
pecially because it coincided exactly 
with the time of the (West Berlin) 
student unrest. Harndt was subjected 
to strong personal criticism from the 
general student committee, includ-
ing a polemical leaflet entitled “Stu-
dentenreform und Karies” (Student 
Reform and Caries) [1]. On the other 
hand, the fact that Harndt, in coop-
eration with the Technical University 
of Berlin, initiated the “founding of 
an interdisciplinary ,Institute for 
Caries Research e.V.‘” (1964) was 
widely acknowledged [54]. 

It is also worth mentioning that 
Harndt was highly appreciated by 
many of his academic students [53]. 
Among Harndt‘s habilitation candi-
dates were Werner Hielscher (habili-
tation 1960), Karl Eichner (1961), 
Gerhard Haim (1962) and Gerhard 
Frenkel (1963). His son, Raimund 
Harndt (1930–2010), also habilitated 
1965 also in dentistry and became a 

well-known university professor and 
professional politicians. In his private 
life Ewald Harndt was interested in 
philosophy, theatre, art and litera-
ture.

Harndt was able to develop a re-
markable posthumous fame that con-
tinues to the present day: As men-
tioned, the “Ewald-Harndt Medal” 
was established in 2001. It was 
awarded over a period of 18 years – 
up to and including 2018 [21].

Harndt has published more than 
130 papers in total. Especially worth 
mentioning are: his 2 doctoral theses 
on chronic periodontitis and the 
amalgam issue [36, 37], his habili-
tation thesis [38], his monograph 
“The Cast Filling” (Die Gußfüllung) 
[41], which has been published sev-
eral times since 1941, and his con-
tributions to endodontics [42, 43, 45, 
48] and periodontology [44, 46, 47]. 

His most successful publication 
was, however, not related to dentistry: 
his book “Französisch im Berliner Jar-
gon” (French in Berlin Slang), pub-
lished in 1977, became a bestseller 
and is still available in bookshops 
today [50].

Ewald Harndt‘s relationship  
to National Socialism 
(1933–1945)
When Hitler came to political power 
in 1933, Harndt was just 32 years old 
and thus belonged to the group of 
young dental scientists. The con-
sequences of the change of power 
were dramatic for Jewish and politi-
cally oppositional colleagues: They 

were immediately dismissed from 
their university positions, robbed of 
their career prospects and – in many 
cases – forced into emigration [34, 
58, 70]. 

Harndt, however, who was striv-
ing for an academic career and was 
able to provide the necessary proof of 
“Aryan” descent, found favourable 
conditions in Berlin: On the one 
hand, the Berlin Dental Institute was 
the most prestigious of its kind in the 
German Reich, and on the other 
hand, Harndt’s superior and mentor 
Eugen Wannenmacher was consider-
ed to be loyal to the line and politi-
cally influential. Born in 1897, Wan-
nenmacher had studied medicine 
and dentistry, completed a double 
doctorate and qualified as a professor 
of dentistry at the University of Tü -
bingen in 1925. In 1929 he was ap-
pointed extraordinary professor at 
the Dental Institute in Tübingen, and 
in 1934 he accepted a position as 
extraordinary professor at the much 
larger and more prestigious Dental 
Institute of the University of Berlin. 
In April 1933 – just before the party 
ban on further membership was im-
posed – he had joined the NSDAP 
and initially became the training 
leader of the Nazi local group in Tü -
bingen [9, 13, 35]. He also joined the 
“NS-Dozentenbund” (NS Lecturers‘ 
Association), the “NS-Ärztebund” (NS 
Medical Association), the “NS-Volks -
wohlfahrt” (NS People‘s Welfare As-
sociation), the “Reichsbund der Deut-
schen Beamten Reich” (Association 
of German Civil Servants), the “NS-

Figure 3 Allegation of disadvantages due to political unreliability Figure 4 Harndt‘s statement concerning NSDAP-membership
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Lehrerbund” (NS Teachers‘ Asso -
ciation) and the “Reichsluft-
schutzbund” (Reich Air Defence As-
sociation) [4, 10]. Moreover, he be-
came a member of the SS (Schutzstaf-
fel, No. 460.838), where he rose to 
“SS Sturmbannführer” (storm ban 
leader) in mid-September 1943. Wan-
nenmacher also held an important 
position within the politically cen-
tralized dental profession: In 1933 he 
was appointed press officer of the 
DGZMK, which had also been cen-
tralized. As such, he was also editor of 
the specialist journals “Deutsche 
Zahn- Mund- und Kieferheilkunde” 
(German Dental, Oral and Maxillo -
facial Medicine) and “Deutsche 
Zahnärztliche Wochenschrift” (Ger-
man Dental Weekly). In addition, he 
was a lecturer at the Leader School 
(Führer Schule) of the German medi-
cal profession in Alt Rhese, which 

had been founded as an ideological 
“training castle” of the NS Medical 
Association and opened on June 1, 
1935 [9, 11]. 

How much Wannenmacher 
shifted to the Nazi ideology is also 
shown by the fact that he left the 
Catholic Church in 1936 and con-
fessed to being “gottgläubig” (believer 
in god) [9] – his wife did the same 
[10]. “Gottgläubig” was a self-desig-
nation of National Socialists who 
were not atheists, but who had 
turned away from the church for 
political reasons. The term was con-
sidered a sign of a special ideological 
closeness to National Socialism. In 
1944, Wannenmacher was appointed 
to the “Beirat des Bevollmächtigten 
für das Gesundheitswesen Karl 
Brandt” (Advisory Board of Karl 
Brandt, Plenipotentiary for Health 
Care) – Karl Brandt was the most  

senior Nazi physician in the Third 
Reich and the appointment also repre- 
sented a political vote of confidence. 
In his much-cited encyclopaedia of 
persons in the Third Reich (“Das Per-
sonenlexikon zum Dritten Reich”), 
Ernst Klee counted Wannenmacher 
among the “leading dentists of the 
Nazi era”, probably against the back-
ground of his various Nazi-specific 
functions and offices [56].

Wannenmacher acted as Harndt‘s 
mentor in Berlin and accompanied 
his habilitation project, which was 
extremely successful: Harndt was ad-
mitted to the habilitation in 1936 
and was able to complete the pro-
cedure without difficulty. Shortly 
thereafter he was awarded the pres-
tigious Miller Prize by the DGZMK – 
explicitly for his habilitation study. 

Both successes are also particu-
larly noteworthy because after 1945 
Harndt stated in the archival docu-
mented denazification proceedings 
that he had suffered disadvantages in 
the Third Reich “because of political 
unreliability” [60]. As central evi-
dence of this, he stated in a docu-
ment entitled “Annex 2” that he  
was not appointed as a lecturer until 
1939 (Fig. 3, [60]). He also claimed in 
a “Berufungsregistrierungsformular” 
(appointment registration form) that 
his entry into the NSDAP had been 
forced (“unter Zwang”) [60]. On the 
official “Fragebogen” (Questionnaire) 
of the military government, he 
further noticed (1) that he had only 
been a party candidate (“Anwärter”), 
not a member, (2) that he applied for 
admission to the party in 1938, (3) 
that he had left the NSDAP in 1941 
and (4) that no party number had 
been assigned to him (Fig. 4, [60]). 

To start with the information pro-
vided in the questionnaire: none of 
the four allegations was really cor-
rect; according to the sources con-
sulted, he was not merely a candidate 
but a member of the party (Fig. 5, 
[12, 60]. Nor had he applied for 
membership in 1938, but had already 
joined the party in 1937. Besides, it 
would not have been possible earlier: 
It was not until early summer 1937 
that the membership ban imposed in 
May 1933 to prevent political oppor-
tunists from joining the party was re-
laxed. Harndt actually submitted the 

Figure 5 Proof and date of NSDAP membership including party number

Figure 6 Revised statement regarding NS memberships
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application on July 27, 1937 and was 
admitted retroactively as of May 1, 
1937 – the earliest possible date [12]. 
This chronological sequence – 
namely the prompt backdating car-
ried out by the party – also shows 
that his admission to the party appar-
ently took place without reservations. 
However, precisely this would have 
been to be expected from a politically 
unreliable applicant. The sources also 
repeatedly document that Harndt – 
contrary to his assertion – indeed was 
given a party number: It was 
4,360,633 (Fig. 5). The statement that 
he had resigned from the party in 
1941 was also incorrect. Harndt tried 
to “save” it by means of a later expla-
nation which stated that he had not 
paid membership fees since 1941 (“In 
1941 I stopped paying my member-
ship fees”) – which, if true, was quite 
different from declaring one‘s with-
drawal from the party. In the NSDAP 
membership file there is indeed no 
mention of a party resignation – 
neither for the year 1941 nor for a 
later date [12]. In other words: By 
means of four incorrect statements 
Harndt tried to reinterpret an 8-year 
party membership (1937–1945) into 
a 3-year candidacy (1938–1941).

It is true that Harndt‘s appoint-
ment as a Privatdozent was made 
with a noticeable delay. However, 
here too, he came up with half-
truths: In fact, it was not a period of 
“more than 3 years” as Harndt 
claimed in the denazification pro-
ceedings (Fig. 3, [60]), but less than 
two years: The habilitation was 
awarded on June 10, 1936 with the 
conferral of the Dr. med. habil., the 
appointment as Privatdozent on April 
19, 1938 – Harndt himself provided 
this information about his person be-
fore 1945 in writing in a file card [2]. 

Moreover, the reasons for the de-
layed appointment were far less seri-
ous and far less fundamental than 
Harndt later insinuated: Harndt was 
by no means per se considered politi-
cally unreliable or suspect. The Nazi 
system had a polycratic structure, i.e. 
it was characterized by a multitude of 
responsible, often competitive per-
sons and centres of power. This poly-
cracy was also evident in the Harndt 
case: As usual, various statements 
were obtained before appointment as 

a Privatdozent. Some very positive as-
sessments of Harndt were joined by 
criticism from the student and lec-
turer leadership, according to which 
Harndt (1) showed a “certain flippan-
cy” “towards students and patients”, 
which would not correspond to the 
(supposedly high) demands made on 
a university teacher in the Third 
Reich, and (2) that he had a “well-
functioning private practice”, which 
would or should not be allowed to as-
sistants and why he should not be 
appointed as Privatdozent [3]. How-
ever, these 2 arguments were contra-
dicted in several other statements – 
among others by Eugen Wannen-
macher himself, who emphasised 
that Harndt had “proven himself per-
fectly”. Earlier, Professor Hermann 
Schröder had already pointed out 
that Harndt was “politically abso-
lutely reliable”. It was also stressed 
that the admissibility of a private 
practice in question was irrelevant to 
the assessment of Harndt‘s personal 
suitability [3]. 

Such disparate statements in 
matters of promotion or appoint-
ment were the order of the day in the 
Nazi polycracy – as well as internal 
party power struggles and personal 
profiling attempts at the expense of 
others. Prominent cases from the 
field of dentistry include professors 
such as Guido Fischer [25] or Fried -
rich Proell [18] or the dentist Fried -
rich Krohn [67], all of whom were 
convinced National Socialists, but be-
came involved in internal party dis-
putes and were discredited – never-
theless, they were no political oppo-
nents, but representatives of Nazi 
ideology. In most cases, such differ-
ences of opinion ultimately had  
no consequences – as in the case  
of Harndt: from 1936 onwards, he 
passed through a whole series of ca-
reer stages that would not have been 
possible for politically suspicious per-
sons. Not only was he admitted to 
the habilitation procedure, as men-
tioned above, and chosen as a Miller 
Prize winner by the politically cen-
tralized professional society (1936 re-
spectively 1937), but he was also ac-
cepted as a member of the NSDAP 
(1937) and subsequently – albeit be-
latedly – appointed as a Privatdozent 
(1938). In the following year, he was 

promoted to (better paid) “Dozent 
der neuen Ordnung” and in 1944 to 
titular professor. A short time later, 
due to an illness of Wannenmacher, 
he was appointed provisional head of 
the department [66].

Remarkably, a curriculum vitae 
written by Harndt himself around 
1944 is documented, in which no 
mention is made of the later claimed 
“political unpopularity” or discrimi-
nation. Rather, it states succinctly: 
“In May 1936, the medical faculty of 
the Berlin University pronounced my 
habilitation. In 1937 I attended the 
Lecturers‘ Academy in Kiel-Kietzeberg 
for 3 weeks, whereupon I was ap-
pointed lecturer in dentistry on 
19.4.1938” [3]. He thus documented 
with his own hand that there were 
not more than 3 but less than 2 years 
between the habilitation and the ap-
pointment as Privatdozent.

On an undated questionnaire 
from around 1938, Harndt was asked 
about a possible “political activity”. 
He did not negate the question,  
but noted the following activities: 
“Sturm arzt i. NSKK, Arzt i. Hauptamt 
f. Volksgesundheit, NSDAP” (Storm 
doctor at NSKK, doctor at the General 
Office of Public Health, NSDAP) [3].

Harndt did not take too much 
care with other statements in the  
denazification proceedings either: 
While he stated in 1946 that he had 
only entered into a NSDAP candidacy 
and an NSKK supporting member-
ship, he revised this statement one 
year later in an addendum that he 
submitted to the “Denazification 
Commission” on April 3, 1947 (Fig. 
6, [60]): He now declared that he 
might also have “got into” the mem-
bership lists of the NS Medical Associ-
ation (NS-Ärztebund) and the NS Lec-
turers‘ Association (NS-Dozenten-
bund). In the first case, he argued 
that there might have been an auto-
matic inclusion in the course of the 
political centralization, in the second 
case, he conceded that he “possibly 
responded to a request” [to become a 
member]. In both cases, however, he 
stated that he was not quite sure [12, 
60]. 

These “gaps in memory” are not 
plausible for the simple reason that 
Harndt himself filled out a university 
teachers‘ card in the Third Reich, in 
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which he gave complete details in 
the pre-printed column “Membership 
in national associations”. There he 
listed: “NSDAP, NSKK, N.S. Ärzte-
bund, N.S. Dozentenbund, Hauptamt 
für Öffentliche Gesundheit, Luft-
schutzbund” [2].

The half-truths, corrections and 
dramatizations mentioned above 
fundamentally undermine the credi-
bility of Harndt‘s statements in the 
denazification proceedings. The latter 
also applies to his notice that his ap-
plication for admission to the NSDAP 
had been “forced” [60]. The member-
ship ban imposed from 1933 to 1937 
rather points to the opposite: the 
party wanted to protect itself es-
pecially against members who did 
not join out of inner conviction. In 
fact, there are several examples of ap-
plications for membership that were 
rejected because the candidates were 
considered politically suspect, such as 
the dentist Hans Hermann Rebel, di-
rector of the Dental Institute of the 
University of Göttingen since 1925 
[7], or Ferdinand Lehm, who was at 
times chairman of the Prussian Den-
tal Association and was to become 
head of the social welfare organi -
zation of the “Verband der Deut-
schen Zahnärztlichen Berufsvertre-
tungen” (Association of German 
Dental Professional Associations) in 
1952 [6]. It is very likely, however, 
that Harndt was advised to apply for 

membership in view of his intended 
university career or that he himself 
realized that membership could be 
helpful. There is no doubt that in 
many cases, party membership fa-
vored careers. It is not without reason 
that around 60 % of dental lecturers 
became NSDAP members in the 
Third Reich – but that also meant 
that 4 out of 10 university lecturers 
did not join the party [32]. Besides, 
the latter group also included repre-
sentatives who were well-esteemed in 
the Third Reich, such as the profes-
sors Otto Loos [28] and Paul Adloff 
[52] or the up-and-coming lecturers 
Karl Schuchardt and Richard Trauner. 
Concerning Trauner, no less than 
4 expert opinions by leading profes-
sors of the Third Reich are docu-
mented, who gave him a positive re-
port around 1943/44 – despite his 
lack of party membership – and as-
sessed him as suitable for a chair [8].

In addition, there are other facts 
that were not even mentioned in 
Harndt‘s denazification proceedings, 
but which raise all the more doubts 
about Harndt‘s self-staging as a politi-
cally unpopular, disadvantaged lec-
turer: During the Third Reich Harndt 
repeatedly reviewed publications de-
voted to Nazi ideology and especially 
to eugenics and so-called hereditary 
diseases. In the “Zentralblatt für die 
gesamte Zahn-, Mund- und Kiefer-
heilkunde” (Central Gazette for all 

Dental, Oral and Maxillofacial Medi-
cine) alone there are 10 reviews by 
Harndt – “mainly from the category 
of eugenics” [73]. Why Harndt found 
himself willing to review such deli-
cate writings at all, and thus to take a 
political position, is not evident from 
the files. What is certain, however, is 
that he did not in the least distance 
himself from the research approach 
or content of the reviewed works. It is 
also conspicuous that he made com-
pletely uncritical use of NS terminol-
ogy. An example is Harndt‘s review of 
A. Frenzel‘s publication on the caries 
incidence in “infantile idiocy” (Die 
Kariesbereitschaft beim kindlichen 
Schwachsinn) [19]. Harndt writes 
about this literally (Fig. 7, [39]): 
“After first describing the diagnostic 
picture of the hereditary sick school 
child, the work brings social-statis-
tical figures about the caries suscepti-
bility of about one hundred biologi-
cally inferior children (biologisch min-
derwertigen Hilfsschülern).” He also 
uses the Nazi phrases “geistig-seelisch 
minderwertige Kinder” and “vererbt 
geistig minderwertige Kinder” [39].

A second example is the review of 
a contribution by H. Eckhardt on the 
possible forced sterilization of pa-
tients with cleft lip and palate ([15]. 
Harndt wrote his review in 1940, by 
which time leading professors such as 
Georg Axhausen, Wolfgang Rosen-
thal and Franz Ernst had long since 

Figure 7 Harndt‘s review of the publication by A. Frenzel (1937)
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revealed a protective attitude towards 
their “cleft patients” and criticized 
forced sterilization as the wrong ap-
proach, while Martin Waßmund and 
Reinhold Ritter, for example, took 
opposing positions [24, 26, 30, 33, 
72]. Harndt could therefore have 
simply referred to the arguments of 
Axhausen et al. In Harndt‘s review, 
however, there is nothing to be 
found of that criticism or of the en-
tire professional dispute about forced 
sterilization. He refers to the content 
of the publication without question-
ing the approach. Finally, he sums up 
uncritically (Fig. 8, [40]): “Sterili -
zation (Unfruchtbarmachung) for these 
diseases will therefore depend on the 
respective proof of heredity, i.e. the 
repeated occurrence of malforma-
tion (Mißbildung) in severe, mild or 
mildest form within the consanguin-
ity (Blutsverwandtschaft)” [40].

Harndt‘s recourse to typical NS 
terms (“vererbt geistig minderwertige 
Kinder”, “Unfruchtbarmachung”, 
“Mißbildung”, “Blutsverwandschaft”) 
is not only found in his reviews.  
On an undated questionnaire from 
around 1938, for example, Harndt de-
scribed himself as “deutschreligiös” – 
this is, similar to the word “gottgläu-
big”, a typical Nazi term to express 
the distance to the churches and the 
proximity to the (church-critical) 
Nazi ideology [2]. 

Even for the last years of the 
Third Reich, the available sources do 
not reveal any evidence that Harndt 
was in a political outsider role. On 
the contrary: In the years 1943/44, 

Harndt was evaluated by 3 dental 
university lecturers with regard to his 
ordinability – his suitability for ap-
pointment to a chair: Erwin Reichen-
bach, Otto Hofer and Eugen Wan-
nenmacher, all of them loyal NSDAP 
members, unanimously classified 
him as suitable [5]. Obviously Harndt 
continued to have the support of in-
fluential dental professors. This ex-
plains why, as mentioned above, he 
was appointed a titular professor in 
1944 and shortly afterwards as the 
provisional head of the department.

After 1945: Public perception 
and reception of Harndt‘s role 
in the Third Reich
As mentioned, after 1945 Harndt 
tried to emphasize his distance to the 
Nazi system, his political unreliability 
and his political discrimination. As 
was customary in denazification pro-
ceedings, he provided several char-
acter references that outlined him as 
anti-national socialist and as pro-Jew-
ish and confirmed that he was con-
sidered politically suspect and there-
fore had been disadvantaged. Affida-
vits of that kind can be found in 
countless denazification proceedings. 
Such “Persil Certificates” ultimately 
had the effect that the overwhelming 
majority of the defendants were able 
to conclude their proceedings more 
or less unscathed [55]. This course of 
events was particularly pronounced 
in Bavaria. This was also due to the 
person of George S. Patton, who was 
the first American military governor 
after the end of the war and was con-

sidered anti-Semitic and politically 
permissive [65]. At this point, it 
should not go unmentioned that the 
„denazification procedures“ were 
handled very differently in the 4 oc-
cupation zones. Overall, the hardest 
action was in the “Soviet-occupied 
zone” (SBZ), the later GDR including 
West Berlin: Here thousands were im-
prisoned (partly in former concen-
tration camps) or sent to labour 
camps. However, the procedure in 
the SBZ was also the most inconsis -
tent and least transparent: Often it 
was not only the entanglement in 
the Nazi era that decided the verdicts, 
but also factors such as “class affili-
ation” or the potential benefit of the 
person under review for the planned 
“construction of socialism”. In fact, 
denazification ended mostly as a 
“farce” in the West and as “self-con-
gratulation” in the East [23, 65]. 

Harndt‘s Hamburg colleague 
Heinrich Fabian – an extraordinary 
Professor and a fervent National  
Socialist – provides an impressive case 
for such developments: At that time 
Hamburg was located in the British 
occupation zone, where politically in-
active party members were sometimes 
exempted from punishment at an 
early stage. In 1949, the first Impu -
nity Act also brought an amnesty for 
most of those previously sentenced 
by the denazification authorities. 
Fabian also profited from this devel-
opment: After the war, the respon-
sible denazification committee of the 
Hamburg University had initially as-
sessed him as “no longer acceptable” 

Figure 8 Harndt‘s review of the publication by H. Eckhardt (1940)
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as a doctor, which meant he was 
banned from his profession. One year 
later, the responsible authorities at 
least allowed him to work in a medi-
cal practice, while he was still banned 
from teaching. However, Fabian was 
not yet satisfied and reacted with re-
quests for revision (appeals), which 
aimed at further rehabilitation. His 
persistence brought the desired suc-
cess: while one appeal in May 1948 
still failed, another one was accepted 
in May 1949. The new examination 
now suddenly revealed that Fabian 
had “put up strong resistance” to the 
Nazi regime. It was therefore decided 
in the end to “classify him in cat-
egory V with the lifting of all profes-
sional restrictions”. Thus Fabian was 
considered to be completely “exon-
erated” and was able to continue his 
work as a professor [29]. 

Thanks to the system of “Persil 
Certificates”, even ardent National 
Socialists overcame the supposed 
hurdles of denazification, and the 
ruling chambers became true “fol-
lower factories” (Mitläuferfabriken) 
[65] at the latest in the appeal pro-
ceedings. Even blatant Nazi perpetra-
tors such as Hugo Blaschke, SS Gen-
eral and Hitler‘s personal dentist, or 
Karl Pieper, “Reichsdozentenführer” 
(Leader of the Reich Lecturers) of the 
dental profession and holder of the 
Blood Order, were denazified as mere 
“followers”. The same applies to Paul 
Reutter, who, as “leading dentist”, 
was responsible for all dental matters 
in the concentration camps until 
1943 [23]. In the end, only about 
1.4 % of those affected in the dena-
zification proceedings were classified 
as (significantly) burdened [65]. 

Harndt, too, took this hurdle un-
scathed: Although his denazification 
dragged on until January 1948, it 
ended with the discontinuation of 
the proceedings [60]. Harndt‘s dic-
tum in the denazification proceed-
ings that he had been politically sus-
pect to those in power in the Third 
Reich and had therefore suffered re-
pression, proved to be extremely per-
sistent. For example, Erwin Reichen-
bach – also a former party and SA 
member [69] – noted in a laudation 
on the occasion of Harndt‘s 60th 
birthday (1961) that the latter had to 
wait longer than usual for his lecture-

ship: “‘Political unreliability‘ had 
caused this delay” [66]. 

This assertion was hardly ques-
tioned, on the contrary. How power-
ful this dictum was became apparent 
in 1991 – i.e. another 30 years later – 
on the occasion of Harndt‘s 90th 
birthday. Here it was said with regard 
to Harndt‘s party membership: “We 
know [...] that making compromises 
with the politically powerful is a 
question of existence” [64]. In the 
same context, Harndt was described 
as a political suspect and thus 
brought close to being a Nazi victim. 
There it was said in abbreviation of 
the real facts: “Clear expressions of 
mistrust also affected the then senior 
assistant Harndt [...] a teacher who 
was not welcome in the NS state” 
[64]. A similar comment can be 
found for 1993 [62].

In contrast, Künzel offered a more 
realistic commentary: In 2018 he 
criticized the attempts of the afore-
mentioned authors to ascribe a politi-
cal “victim role” to Harndt. Künzel 
calls the aforementioned “expressions 
of mistrust”, which Harndt had ex-
perienced in 1936 after his habili-
tation, merely “a temporary mishap 
which he was able to clear up shortly 
afterwards by joining the NSDAP” 
[59] – an overall assessment that is 
much better in line with the sources.

Conclusions
Harndt was certainly not a “fervent”, 
ideologically convinced National So-
cialist. Unlike his mentor Wannen-
macher, he did not seek political of-
fices and functions. But he did not 
distance himself from the Nazi re-
gime, he was by no means – apart 
from individual voices – perceived as 
politically unreliable or suspect. 
Therefore, it does not seem justified 
to place him in the vicinity of Nazi 
victims. Such a reading would do in-
justice to those who actually became 
victims: by being dismissed from uni-
versity service, prevented from com-
pleting their habilitation, excluded 
from professional networks, driven 
into emigration or fearing for their 
lives. Such professors and lecturers 
also existed in dentistry at many uni-
versities – Alfred Kantorowicz [27] 
and Hans Moral [22] are certainly the 
most prominent examples. But they 

were also to be found in Harndt‘s im-
mediate professional environment: 
Konrad Cohn, Konrad Lipschütz [57] 
and Hans-Jacques Mamlok [61] were 
Berlin colleagues – they did fell out of 
favour with the National Socialists 
and lost their professional and ulti-
mately their life perspective. 

Harndt is neither a Nazi perpetra-
tor nor a victim. Rather, he shows the 
characteristics of a classic follower: 
He made use of the professional net-
works – which, in addition to Wan-
nenmacher, also included experts 
such as Hofer and Reichenbach – and 
he served the Nazi system by joining 
Nazi organizations, by agreeing to 
write uncritical reviews of morally 
questionable writings propagating 
Nazi eugenics, and by using Nazi ter-
minology in various contexts. Never-
theless, after 1945, he succeeded in 
embellishing his role in the Third 
Reich – not least by stating numerous 
half-truths and by deliberate 
omissions. He thus achieved a far-
reaching political “cleansing”, which 
in turn sustainably facilitated his im-
pressive post-war career.

However, not only Harndt, but 
also his former mentor Eugen Wan-
nenmacher found his way back to 
success in post-war Germany. Like 
Harndt, he was first dismissed from 
service by the Allies in 1945 – at that 
time in the position of an extraordi-
nary professor. Wannenmacher ini -
tially had to set up his own practice. 
However, the time factor was also 
helpful here: In 1955 the University 
of Münster appointed him full pro-
fessor of dental, oral and maxillo -
facial surgery and director of the uni-
versity clinic of the same name – 
which meant that Wannenmacher 
ultimately succeeded in further devel-
oping his career compared to the 
Nazi era. [51]. In 1971 he even be-
came an honorary member of the 
DGZMK – exactly 4 years after his 
former protégé Ewald Harndt [31].

Conflicts of interest
The author declares that there is no 
conflict of interest within the  
meaning of the guidelines of the  
International Committee of Medical 
Journal Editors.

GROSS: 
A complex case: Ewald Harndt (1901–1996) and his relationship to National Socialism



140

© Deutscher Ärzteverlag | DZZ International | Deutsche Zahnärztliche Zeitschrift International | 2020; 2 (4)

References

1. Allgemeiner Studentenausschuss: 
Studentenreform und Karies. Datiert: 
30.10.1968, Berlin 1968

2. BArch (=Bundesarchiv) 
R 4901/13265

3. BArch R 4901/24731

4. BArch R 9361-I/3804

5. BArch R 9361-II/366616

6. BArch R-9361/II-624071

7. BArch R 9361-II/1046383

8. BArch R 9361-II/1142807

9. BArch R 9361-III/217954

10. BArch R 9361-III/562130

11. BArch R 9361-VI/1011

12. BArch R 9361-IX/13580798

13. BArch R 9361-IX/46921659

14. Blankenstein F: 110 Jahre  
Zahn ärztliches Institut Berlin: 
1884–1994. Festschrift. Quintessenz,  
Berlin 1994, 7

15. Eckhardt H: Die Beurteilung der 
Lippen-Kiefer-Gaumenspalten im Hinblick 
auf das Gesetz zur Verhütung erbkranken 
Nachwuchses. Dtsch Zahn Mund Kiefer-
heilkd 1938; 5(4): 260

16. Ewald-Harndt-Symposium: Ewald-
Harndt-Symposium – Zahnmedizin  
damals und heute. Zahnärztl Mitt 2001; 
91: 30f.

17. Fischer C: Lebenserinnerungen von 
C.-H. Fischer. Archiv der Poliklinik für 
Zahnerhaltungskunde der MZK-Klinik  
des Universitätsklinikums Heidelberg.  
Unpublished 1985, 322 f, 468, 484, 502 

18. Forsbach R: Die Medizinische Fakultät 
der Universität Bonn im „Dritten Reich“. 
Oldenbourg, München 2006, 303–313

19. Frenzel A: Die Kariesbereitschaft beim 
kindlichen Schwachsinn. Dtsch Zahn 
Mund Kieferheilkd 1936; 3: 493

20. Friederich W: Die deutschen 
zahnärztlichen Hochschulgelehrten der 
Geburtsjahrgänge 1840–1909. Untersu -
chungen über beruflichen Werdegang, 
Lebenserwartung und private Neigungen 
in den verschiedenen Altersgruppen. 
Diss. med. Fak. Berlin 1968, 38, 70f.

21. Gerber U: ZÄK Berlin: Einladung  
zur Verleihung des Philipp-Pfaff-Preises 
am Samstag, 07. Dezember 2019, 
http://iuzb.de/?p=28626 (accessed: 
06.03.2020)

22. Groß D: Hans Moral – Miterfinder 
der Lokalanästhesie. Zahnärztl Mitt 2017; 
107: 56–58

23. Groß D: Zahnärzte als Täter. Zwi -
schenergebnisse zur Rolle der Zahnärzte 
im „Dritten Reich“. Dtsch Zahnärztl Z 
2018; 73: 164–178

24. Groß D: Georg Axhausen – Erst -
beschreiber der „aseptischen Knochen-
nekrose“. Zahnärztl Mitt 2018; 108: 
46–48

25. Groß D: Guido Fischer – Pionier der 
Lokalanästhesie. Zahnärztl Mitt 2018; 
108: 100f.

26. Groß D: Wolfgang Rosenthal – Der 
Prominenteste aller Kieferchirurgen. 
Zahnärztl Mitt 2018; 108: 50f.

27. Groß D: Alfred Kantorowicz – Weg-
bereiter der Jugendzahnpflege. Zahnärztl 
Mitt 2018; 108: 102f.

28. Groß D: Otto Loos – „Reichsdozen-
tenführer“. Zahnärztl Mitt 2020; 110: 
26–28

29. Groß D: Heinrich Fabian – ein glü-
hender Nationalsozialist macht in der 
BRD Karriere. Zahnärztl Mitt 2020; 110: 
72–74

30. Groß D: Personenlexikon der 
Zahnärzte im „Dritten Reich“ und im 
Nachkriegsdeutschland. Täter, Mitläufer, 
Entlastete, Oppositionelle, Verfolgte. 
Bd. 1. Steiner, Stuttgart 2020

31. Groß D, Schäfer G: Geschichte der 
DGZMK 1859–2009. Quintessenz, Berlin 
2009, 274

32. Groß D, Westemeier J, Bitterich L: 
Dossier 1: Der Anteil der NSDAP-
Mitglieder unter den zahnärztlichen 
Hochschullehrern. Unpublished 2019, 
www.kzbv.de/zahnmedizin-und-zahn 
aerzte-im-nationalsozialismus. 
1328.de.html (accessed: 06.03.2020)

33. Groß D, Westemeier J, Schmidt M: 
„Die Grundfarbe der Geschichte ist 
grau“. Reinhold Ritter (1903–1987) und 
seine Rezeption vor und nach 1945. In: 
Groß D, Schmidt M, Westemeier J (eds.): 
Zahnheilkunde und Zahnärzteschaft im 
Nationalsozialismus. Eine Bestandsauf-
nahme (= Medizin und Nationalsozialis-
mus, 6). LIT, Berlin und Münster 2018, 
285–321

34. Groß D, Westemeier J, Schmidt M, 
Halling T, Krischel M (eds.): Zahnärzte 
und Zahnheilkunde im „Dritten Reich“ – 
Eine Bestandsaufnahme (= Medizin und 
Nationalsozialismus, 6). LIT, Berlin, 
Münster 2018

35. GSTA PK (= Geheimes Staatsarchiv 
Preußischer Kulturbesitz) I. HA Rep. 76  
Va Sekt. 3 Tit. IV Nr. 39, Bd. 16

36. Harndt E: Histologisch-bakteriolo -
gische Studie bei Periodontitis chronica 
granulomatosa (zugleich Diss. 1925). 
Corresp Bl. Zahnärzte 1926; 9: 330ff., 
365ff., 399ff., 426ff.

37. Harndt E: Ergebnisse klinischer Unter-
suchungen zur Lösung der Amalgam-
Quecksilberfrage (zugleich Diss. 1929). 
Dtsch Zahnärztl Wochenschr 1930; 33: 
108ff.

38. Harndt E: Das Speichelrhodanid in 
physiologischer und pathologischer Be-
ziehung unter besonderer Berücksich-
tigung der Mundhöhle. Habil Med Berlin 
1936/37

39. Harndt E: Rezension zu Frenzel, A. 
(Berlin): Die Kariesbereitschaft beim kind-
lichen Schwachsinn. Zbl Zahn Mund Kie-
ferhkd 1937; 2: 254 

40. Harndt E: Rezension zu Eckhardt, H 
(Berlin): Die Beurteilung der Lippen-
Kiefer-Gaumenspalten im Hinblick auf 
das Gesetz zur Verhütung erbkranken 
Nachwuchses. Zbl. Zahn Mund Kieferhkd 
1940; 5: 320

41. Harndt E: Die Gußfüllung: Ihre prak-
tische Durchführung zur Prophylaxe der 
Zahnkaries und der paradentalen Erkran-
kungen. Barth, Leipzig 1941

42. Harndt E: Histologische und bakte -
riologische Grundlagen für die Behand-
lung gangränöser Wurzelkanäle. Dtsch 
Zahnärztl Z 1948; 3: 81–104

43. Harndt E: Klinische Diagnostik der in-
fizierten Pulpa. Schweiz Monatschr Zahn-
heilkd 1950; 60: 1132f.

44. Harndt E: Paradentitis und Paraden-
tose: Leitfaden der Zahnbetterkran-
kungen. Hanser, München 1950

45. Harndt E: Milchzahnstudien. III. Die 
apikale Milchzahnparadentitis. Dtsch 
Zahn Mund Kieferheilkd 1952; 16: 8–27

46. Harndt E: Die Erfolgsaussichten der 
subgingivalen Curettage paradentaler 
Taschen. Dtsch Zahnärztl Z 1953; 8: 
899–908

47. Harndt E: Die Prinzipien konservativer 
und chirurgischer Behandlungsmethoden 
der marginalen progressiven Paradentitis. 
Dtsch Zahnärztl Z 1953; 8: 221–236

48. Harndt E: Ungewöhnliche Genese 
einer akuten Pulpitis. Dtsch Zahnärztl Z 
1955; 10: 30–33

49. „Harndt, E“ gedruckt in Dtsch 
Zahnärztl Z 1967; 22: 1301 

50. Harndt E: Französisch im Berliner  
Jargon. 4. Aufl. Jaron, Berlin 2017

51. Haunfelder D: In memoriam Eugen 
Wannenmacher. Dtsch Zahnärztl Z 1974; 
29: 573f.

52. Heinrich E: Dem Andenken Professor 
Adloffs! Zahnärztl Rundsch 1944; 53: Sp. 
553f.

53. Hoefig W, Harndt E: Aspekte des wis-
senschaftlichen Werkes. Festschrift zum 
80. Geburtstag des Professor Dr. med. 
dent. Dr. med. Ewald Harndt am  
22. Januar 1981. Quintessenz, Berlin 
1981, 7–11

54. Jung F: 1. Arbeitstagung des Karies-
Forschungs-Institutes an der Johannes-
Gutenberg-Universität Mainz am  
18. Januar 1956. Dtsch Zahnärztl Z  
1956; 11: 343–344

GROSS: 

A complex case: Ewald Harndt (1901–1996) and his relationship to National Socialism



141

© Deutscher Ärzteverlag | DZZ International | Deutsche Zahnärztliche Zeitschrift International | 2020; 2 (4) 

55. Klee E: Persilscheine und falsche 
Pässe. Wie die Kirchen den Nazis halfen. 
6. Aufl. Fischer, Frankfurt am Main 2011

56. Klee E: Das Personenlexikon zum 
Dritten Reich. 4. Aufl. Fischer, Frankfurt 
am Main 2013, 655

57. Köhn M: Zahnärzte 1933–1945:  
Berufsverbot, Emigration, Verfolgung 
(= Reihe Deutsche Vergangenheit, 113). 
Hentrich, Berlin 1994, 107f. 

58. Krischel M, Schwanke E, Halling T, 
Westemeier J, Groß D: Zum Stand der 
Aufarbeitung der Geschichte der 
Zahnmedizin im Nationalsozialismus. 
Dtsch Zahnärztl Z 2017; 72: 477–480

59. Künzel W: University Dentistry in East 
Germany. Erlebtes und Erlittenes. Unpub-
lished typescript, Erfurt 2018, 35f.

60. LA (= Landesarchiv) Berlin C Rep. 
375–01–13 Nr. 3441 A 10 

61. Mahler K: Jüdische Zahnärzte in Ber-
lin: Das Leben und Werk des Berliner 
Zahnarztes Hans-Jacques Mamlok 
(1875–1940). Diss. Berlin 2001

62. Marz I: Zielstellung nationalsozialis-
tischer Personalpolitik am Zahnärztlichen 
Institut der Berliner Universität. In: Grau 
G, Schneck P (eds.): Akademische Kar-
rieren im „Dritten Reich“: Beiträge zur 
Personal- und Berufspolitik an Medizi -
nischen Fakultäten. Inst. für Geschichte 
der Medizin, Berlin 1993, 77–81 

63. Marz I: Begleitheft zur Ewald-Harndt-
Medaille, herausgegeben von der 
Zahnärztekammer Berlin, o. O. 2001

64. Marz I, Wandelt S, Zuhrt R: Prof. Dr. 
med. dent. Dr. med. Ewald Harndt 90 
Jahre. Charité Ann – Neue Folge 1991; 
11: 41–46

65. Niethammer L: Die Mitläuferfabrik: 
Die Entnazifizierung am Beispiel Bayerns. 
Dietz, Berlin, Bonn 1982

66. Reichenbach E: Ewald Harndt zum 
60. Geburtstag am 22. Januar 1961. 
Dtsch Zahn Mund Kieferheilkd 1961;  
35: 96 

67. Reinecke K, Westemeier J, Groß D: 
Der „Zahnarzt“ aus „Mein Kampf“ – Die 
biografischen Selbstdeutungen des Starn-
berger Dentisten Friedrich Krohn 
(1897–1967). In: Groß D, Schmidt M, 
Westemeier J (eds.): Zahnheilkunde und 
Zahnärzteschaft im Nationalsozialismus. 
Eine Bestandsaufnahme (= Medizin und 
Nationalsozialismus, 6) LIT, Berlin und 
Münster 2018, 65–89

68. Sauerwein E: Prof. Dr. Dr. Ewald 
Harndt zum 65. Geburtstag. Dtsch 
Zahnärztl Z 1966; 21: 254–246

69. Schwanke E: Das Leben des „dop-
pelten Genossen“ Erwin Reichenbach 
(1897–1973). Professionspolitische Kon-
tinuitäten in der universitären Zahnme -
dizin vom Nationalsozialismus bis zur 
DDR. LIT, Berlin 2018

70. Schwanke E, Krischel M, Gross D: 
Zahnärzte und Dentisten im Nationalso-
zialismus: Forschungsstand und aktuelle 
Forschungsfragen. Medhist J 2016; 51: 
2–39

71. Steinhardt G: Herrn Prof. Dr. Dr. 
Ewald Harndt zum 65. Geburtstag.  
Dtsch Zahnärztl Z 1966; 21: 253f. 

72. Thieme V: Gedemütigt, entwürdigt, 
verstümmelt – die „rassenhygienische 
Ausmerze“ der Lippen-Kiefer-Gaumen-
Spalten im Dritten Reich. Studie zur Situ-
ation der Betroffenen und zur Position 
der Ärzte im Dritten Reich. Teil II. MKG-
Chirurg 2012; 5: 62–72

73. Vigna M: Rassenhygienische Inhalte 
im „Zentralblatt für die gesamte  
Zahn-, Mund- und Kieferheilkunde“ 
(1936–1945) (= Studien des Aachener 
Kompetenzzentrums für Wisssenschafts-
geschichte, 19). Kassel University Press, 
Kassel 2017, 52

74. Wannenmacher E: Ewald Harndt zum 
60. Geburtstag. Dtsch Zahnärztl Z 1961; 
16: 98–100

75. Zuhrt R, Merz I, Rau D: Beiträge der 
Berliner Stomatologie zur Wissenschafts -
entwicklung in der Konservierenden  
Stomatologie. In: Zuhrt R, Bernau R: 
100 Jahre Stomatologie an der Berliner 
Universität (= Beiträge zur Geschichte  
der Humboldt-Universität zu Berlin, 14). 
Humboldt-Univ. Berlin 1986, 67–74, 
insb. 70f. u. 73

UNIV.-PROF. DR. MED. DR. MED. 
DENT. DR. PHIL. D. GROSS

RWTH Aachen University 
Medical School,  

MTI II, Wendlingweg 2, 
D-52074 Aachen 

dgross@ukaachen.de
(P

ho
to

: U
ni

ve
rs

ity
 H

os
pi

ta
l A

ac
he

n)

GROSS: 
A complex case: Ewald Harndt (1901–1996) and his relationship to National Socialism



142

© Deutscher Ärzteverlag | DZZ International | Deutsche Zahnärztliche Zeitschrift International | 2020; 2 (4)

Elena Günther, Nadine Kommerein, Sebastian Hahnel

Biofilms on polymeric materials  
for the fabrication of removable 
dentures

Introduction: Oral microorganisms can contribute to the pathogenesis of 
many diseases in the oral cavity such as caries, periodontitis, peri-implantitis 
and denture-related stomatitis. Yet, oral microorganisms may also have a con-
siderable influence on the onset of systemic medical conditions such as lung 
or cardiovascular diseases. Microorganisms are organized in biofilms and they 
colonize teeth, mucosa, and dental restorations; the extent to which biofilms 
are accessible during self-performed oral hygiene varies widely.

Discussion: The current demographic trends show that the population is  
getting older and that an increasing number of elderly and multimorbid pa-
tients require nursing care, most of whom already have and/or will receive  
removable dentures in the future. Impaired motor skills and cognitive abilities 
often lead to difficulties in self-performed oral hygiene, thus making these  
patients reliant on others for assistance. The regular accumulation of biofilm 
on removable dentures, which is not sufficiently removed, may trigger and 
foster the onset of oral and systemic diseases in immunologically compromis-
ed patients. Usually, removable dentures are fabricated from polymeric mate -
rials and polymethylmethacrylate is the most frequently used material. In 
spite of this, many new materials are currently being introduced on the mar-
ket which can be used to make removable dentures. The range of available 
materials has become increasingly broad and it includes materials based on 
polymethylmethacrylate as well as composite-based materials and polymeric 
materials with a distinct polymer chemistry. Relevant differences exist be-
tween the bioadhesion of materials that are processed using classical methods 
as compared to CAD/CAM-manufacturing. 

Conclusion: In this context, the current article aims to describe the impor -
tance of biofilms on removable dentures, to outline relevant interactions of 
oral microorganisms with the surface of polymeric materials, and to present 
strategies for minimizing bioadhesion on removable dentures.
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films; CAD/CAM-manufacturing
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1. The etiology and  
pathogenesis of biofilm-
associated diseases in  
patients with removable 
dentures

1.1 The importance of  
removable dentures

Over the past few decades, both den-
tal care and oral health awareness 
have notably improved in Germany 
so that an increasing number of 
people still have their natural teeth, 
even at an advanced age [47]. To il-
lustrate this, the number of eden-
tulous patients have halved over the 
last 20 years; while in 1997 about 
25 % of younger seniors between the 
ages of 65 and 74 years were eden-
tulous, only about 12 % are eden-
tulous nowadays [47]. Nevertheless, 
almost half of the younger seniors 
(46 %) wear removable dentures, 
which underlines their lasting im-
portance in dentistry. For older se -
niors falling into the age group be-
tween 75 to 100 years, and who are 
also in need of nursing care, the pro-
portion of denture wearers increases 
up to 86 % [47]. Removable dentures 
cover large areas of mucous mem-
brane, and thus, provide an extended 
attachment surface with optimal liv-
ing conditions for microorganisms; 
this favors their growth and pro -
liferation together with biofilm 
formation. Just like for teeth, biofilms 
that adhere to dentures should be 
regularly removed. Yet, for older pa-
tients in need of nursing care, this is 
especially difficult to accomplish due 
to their often limited motor and cog-
nitive abilities (see Fig. 1 and 2). 

Nearly 30 % of older seniors receiv-
ing nursing care claim that they de-
pend on extra assistance for denture 
and oral hygiene [47]; this empha-
sizes the importance of instructing 
nursing care personnel as well as any 
other caregivers [93]. Regardless of 
this fact, the time that caregivers 
have to help seniors with their daily 
oral and denture hygiene is limited 
for a number of reasons [23, 48, 78, 
79, 107]. One such motive is that 
nursing staff have high general care 
workloads, which means that they 
have very short time frames for assist-
ing patients with oral hygiene. Sec-
ondly, it appears that nurses have 
deficits with regard to dental train-
ing, which leads to difficulties in the 
recognition, insertion, removal, and 
cleaning of dentures. Studies have 
also revealed that care receivers’ re-
fusal to accept help with oral hygiene 
is a further problem, as is the fear of 
contact on the part of the caregiver 
[7]. In spite of these background chal-
lenges, the mechanical cleaning of re-
movable dentures is still the gold 
standard, as the simple application of 
chemical cleaners is not always suffi-
cient, and should therefore be viewed 
as a supportive measure, particularly 
with regard to the removal of micro-
organisms [32].

1.2 Materials used to produce 
removable dentures

For the fabrication of removable den-
tures, materials are differentiated 
based on whether they are processed 
into rigid or flexible dentures. Vari-
ous polymer systems for the fab-
rication of removable dentures are 

available on the market, which can 
be grouped according to the method 
of processing [90] (see Table 1). The 
first group consists of materials that 
can be cured with the help of pres -
sure, heat (special form: microwaves) 
or light. A second group of materials 
includes thermoplastic materials, 
which do not require curing, but are 
formed by using heat before they 
solidify. The third group includes in-
dustrially cured or thermoplastically 
processed materials that are sub-
sequently available as CAD/CAM 
blocks, from which, dental restora-
tions and dentures can be milled.

Polymethylmethacrylate (PMMA) 
represents the most important self 
and warm curing resin. It is the most 
commonly used denture material in 
everyday practice. PMMA is appeal-
ing due to its low cost as well as its 
ease of reparation and handling [80]. 
However, the high rigidity of the ma-
terial has disadvantages such as in-
creased fracture susceptibility and re-
duced wearing comfort.

Urethane dimethacrylates belong 
to the group of light-curing resins 
that are kneadable during processing 
before their subsequent curing in 
special ovens with the aid of light. In 
the fabrication of partial and com-
plete dentures, this processing tech-
nique spares the wax-up step [90]. 
Other applications of light-curing re-
sins include the manufacturing of in-
dividual trays, denture relining or or-
thodontic appliances. In the finished 
state, they show increased strength 
compared to warm curing resins [17], 
but are more brittle and difficult to 
repair [92].

Figures 1 and 2 Maxillary and mandibular dentures with extensive biofilm deposits and discoloration due to poor denture hygiene 
belonging to two patients (91 and 77 years old) in need of care
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The group of thermoplastics rep-
resents plastic materials which are 
shaped by the application of heat 
during the manufacturing of remov-
able dentures, and which have flex-
ible properties after cooling. Due to 
the elimination of the curing process, 
neither bite lock nor the presence of 
residual monomers occur [90]. This 
material group is thus the favored 
one for use in patients with methyl 
methacrylate allergies. Important 
thermoplastic materials are polya-
mide-based plastics, for example, 
which can be used to manufacture 
flexible dentures. These have the ad-
vantage of being easier to fit in the 
mouth in patients with limited 
mouth opening (Microstomia). More-
over, they have minimal fracture sus-
ceptibility due to their high elasticity 
[90]. In addition, these materials also 
have esthetic advantages, as gingiva-
colored clasp components can be 
produced from the material. Dis-
advantages of polyamides are their 
lim ited capacity to be repaired and 
polished [92]. Moreover, due to their 
elasticity, there is discussion regard-
ing unfavorable pressure distribution, 
which can result in increased atrophy 
of the alveolar ridge [11]. Industrially 
cured thermoplastic PMMA materials 
can also be classified in the group of 
thermoplastics. Yet, in contrast to 
their counterparts, which are manu-
factured using the conservative pro-
cess, they have a lower residual 
monomer content, but at the same 
time, also a reduced repair capacity. 

Another member of thermoplastic 
materials is polyoxymethylene (POM) 
which can be used to produce tooth-
colored denture frameworks and 
clasps. Due to the possibility of de-
signing POM frameworks in gingiva 
color, the fabrication of complete 
denture bases from POM is conceiv-
able. However, this material cannot 
be extended and it requires greater 
spatial dimensions compared to 
metal clasps and frameworks [92]. 

Newer processing methods that 
employ CAD/CAM-manufacturing 
enable the milling of denture bases, 
complete dentures and denture 
frameworks from industrially prefab-
ricated blocks. Industrially pre-cured 
PMMA is suitable for the production 
of denture bases or complete den-
tures. The absence of polymerization 
shrinkage and a low residual 
monomer content are significant ad-
vantages compared to conservatively 
processed PMMA. Moreover, the 
more homogeneous and pore-free na-
ture of CAD/CAM materials appears 
to have a positive influence on their 
mechanical properties [90, 97]. The 
polyaryletherketones (PAEK) are suit-
able, stable alternative framework 
materials that are used in the CAD/
CAM-manufacturing of denture 
frameworks for complex removable 
dentures for patients with allergies 
against metals [33]. PAEKs belong to 
the family of high-performance 
thermoplastics, which were intro-
duced to the dental market in 2006 
[90, 94]; prior to that, they were used 

during spinal surgery for instance. 
PAEK materials have improved me -
chanical properties [73, 97], low 
weight [33] and a low interaction 
with biological materials, which con-
tributes to their low allergenic poten-
tial [113]. However, the capacity to 
repair or extend PAEKs is low and 
they scratch faster than PMMA [41]. 
Furthermore, to date, there is hardly 
any clinical data on the long-term 
performance of these materials in an 
oral cavity. Regardless of the material, 
CAD/CAM-manufacturing allows the 
easy reproducibility of dentures in 
case of loss or damage thanks to the 
stored CAD/CAM data. Also, denture 
modifications such as relining can be 
made digitally and the dentures can 
then be manufactured again [90]. 

Since the supporting alveolar 
bone for a denture changes in the 
course of the wearing period, relining 
to improve mastication and reduce 
pressure points may be indicated. For 
this purpose, a distinction is made 
between rigid relining materials such 
as cold curing PMMA and soft relin-
ing materials based on silicone or ac-
rylate [52, 85]. The latter group of 
materials is mainly used for remov-
able denture relining in cases of unfa-
vorable morphology of the alveolar 
process; examples include strongly 
undermined alveolar ridges, flabby 
ridges or strongly atrophied alveolar 
ridges with an exposed inferior al-
veolar nerve [16]. Moreover, these 
materials are indicated in situations 
that require minimal load on the 

GÜNTHER, KOMMEREIN, HAHNEL: 
Biofilms on polymeric materials for the fabrication of removable dentures

Curable resins 

Warm or cold curing  
resins

Polymethyl methacrylate 
(PMMA)

Table 1 Overview of different processing forms of polymer materials with examples

Light-curing resins

Urethane dimethacrylate 
(UDMA)

Thermoplastic polymers

Polyamides (Nylon)

Thermoplastic PMMA

Polyoxymethylene (POM)

Polyaryletherketone 
(PAEK)

CAD/CAM- 
polymers

Polymethyl methacrylate 
(PMMA)

Polyaryletherketone (PAEK)
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denture supporting tissues such as 
after surgical interventions (e.g. 
extractions or implant insertion).

1.3 Biofilm formation 
The oral cavity provides habitat for a 
variety of microorganisms, with bacte-
ria and fungi being the main colo -
nizers of teeth, mucous membranes 
and dentures (see Fig. 3). Over 700 dif-
ferent types of bacteria have been 
identified as components of the oral 
microbiome [50]. Before bacteria or 
fungi attach themselves to teeth or 
dental restorations and form biofilms, 
a so-called acquired pellicle develops 
on all natural surfaces of the oral cav-
ity and on the surface of dental resto-
rations within seconds to minutes 
after cleaning [37, 46, 104]. The pel-
licle consists mainly of proteins (in-
cluding enzymes), carbohydrates and 
lipids derived from saliva, gingival  
sulcus fluid or bacteria [38]. Their 
formation is initially based on elec-
trostatic interactions. The phosphate 
ions contained in saliva contribute to 
the negative charge of teeth and den-
tures; the positively charged calcium 
ions, which are also present in saliva, 
are therefore attracted via electrostatic 
forces and embed proteins (e.g. 
phosphoproteins, statorin, histatin) in 
between the ion layers. Additionally, 
Van der Waals forces and protein-spe-
cific charged functional groups in-
crease the adhesion of the initial pel-
licle to the surface of teeth and den-
tures [105, 106]. Furthermore, the sub-
sequent coupling of protein aggre-
gates from saliva via protein-protein 
interactions with the already immobi-
lized proteins of the initial pellicle fol-
lows. 

Pellicles display different ultra-
structures and thicknesses depending 
on their location, with these being 
mostly determined by the salivary 
biopolymers present at the respective 
location and the existing shear forces, 
but less by material-related parameters 
[36]. However, the material itself in-
fluences the composition of the pel-
licles. For example, fewer statherines 
and histatines, which are responsible 
for defense, are found on denture ma-
terials [22]. At the same time, the pel-
licle can hide the properties of the 
underlying substrate [28, 35]. Other 
than serving to lubricate and protect 

tooth surfaces, pellicles play an 
equally important role for microbial 
attachment to teeth and removable 
dentures. Components of the pellicle 
serve as receptors for the attachment 
of microorganisms. Initially, mainly 
Gram-positive streptococci (e.g. Strep-
tococcus oralis, Streptococcus sangu -
inis, Streptococcus mitis) and rods 
(e.g. Actinomyces naeslundii or oris) 
colonize the pellicle, thus making 
them among the early colonizers. As 
the bacterial biofilm matures, further 
microorganisms are integrated into 
the biofilm over a period of days. 
Gram-negative cocci (e.g. Veillonella 
spp.) attach themselves to the early 
colonizers at first. Then, they are fol-
lowed by Gram-negative, filamentous 
species such as the bridge germ Fuso -
bacterium nucleatum and late colo -
nizers (e.g. Capnocytophaga sputige-
na, Porphyromonas gingivalis, Aggre-
gatibacter actinomycetemcomitans, 
Treponema denticola, Tannerella for-
sythia, Prevotella intermedia), some of 
which are leading germs of oral infec-
tions [54, 61, 62]. Fungi such as Can-
dida albicans can also interact with 
bacteria such as Streptococcus gor -
donii, S. oralis, S. sanguinis [57, 81], 
A. oris [31] and F. nucleatum [30] and 
take part in the complex oral biofilm 

community [112]. Yet, the presence of 
specific pathogens alone is not suffi-
cient for the development of diseases 
in the oral cavity. Instead, the dy-
namic interactions between the 
microorganisms and the host organ-
ism, particularly the host’s immune 
defense, play a decisive role in the de-
velopment of biofilm-associated dis-
eases. Diseases that can be caused by 
oral microorganisms include both 
local manifestations as well as sys-
temic diseases.

1.4 Local diseases caused by 
biofilms in denture wearers 

The fungus C. albicans is of particular 
importance in this context, as it plays 
an essential role in the development 
of denture-related stomatitis [10]. 
Wearers of complete dentures are 
more likely to develop denture-re-
lated stomatitis than wearers of par-
tial dentures [1], which is most likely 
resulting from the larger interface. 
Denture-related stomatitis has a 
prevalence of up to 75 % [27]; it 
manifests itself as local redness of the 
mucosa that is covered by the den-
ture and is often accompanied by 
burning, discomfort, impaired taste 
or pain. The development of denture-
related stomatitis is dependent on 

Figure 3 Scanning electron microscope image of an oral multi-species biofilm from the 
plaque of a patient suffering from periodontitis after 72 hours of anaerobic in-vitro culti-
vation on glass
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several favoring factors. Inadequate 
oral and denture hygiene, wearing of 
the denture all day with the associ-
ated reduction in the pH value of the 
oral mucosa to below 6.5, as well as a 
weakened immune system can pro-
mote the manifestation of C. albicans 
[27, 63]. In this way, the virulence of 
C. albicans appears to grow with in-
creasing biofilm maturation, as the 
fungus undergoes a morphological 
transformation from predominantly 
blastospores to hyphae [98]. Studies 
have revealed that the material sur-
face can also trigger the trans-
formation of blastospores into hy -
phae [16, 20, 87]. The latter micro-
organisms are able to invade the af-
fected mucous membrane areas with 
the help of enzymes and penetrate 
deeper into mucous membrane layers 
[10, 59, 98]. Aspartate proteinases, in 
particular, appear to accelerate the 
degradation of host proteins and thus 
promote the invasion of C. albicans 
[42]. Studies have proven that the ac-
tivity of proteinases correlates with 
the severity of denture-related sto-
matitis [89]. Moreover, C. albicans 
which were organized in biofilms 
showed higher aspartate proteinase 
secretion levels than planktonic C. al-
bicans [68]. This fungus, like other 
microorganisms, can also degrade 
material surfaces, which leads to ma-
terial roughening and the further irri-
tation of the mucosa [87].

1.5 Systemic diseases triggered 
by biofilms in denture 
wearers

In recent years, numerous studies 
have shown that microorganisms in 
the oral cavity can substantially in-
fluence and promote the devel-
opment of systemic diseases. Oral in-
fections such as periodontitis lead to 
cell aging (senescence): in comparison 
to healthy patients, the telomerase ac-
tivity of affected patients is increased 
and cannot be reduced, or only 
slightly reduced, by protective 
measures such as exercise [67]. Other 
studies have identified oropharyngeal 
bacteria in atherosclerotic plaques [5, 
21, 69], which suggests that bacteria 
can enter the bloodstream via the 
periodontal support apparatus, and 
thus, promote the development of 
cardiovascular diseases. With regard to 

the importance of biofilms on remov-
able dentures, respiratory pathogens 
have been detected in biofilms on 
dentures [82, 103], which confirms an 
association between the occurrence of 
pneumonia and the wearing of re-
movable dentures [23, 43]. The pres-
ence of respiratory pathogens in bio-
films on teeth and dentures seems to 
be related to the pathogenesis of noso-
comial pneumonia, but also to the 
initiation or progression of chronic 
obstructive pulmonary disease [91]. 
Pneumonia is one of the most com-
mon diseases in the elderly popu-
lation and, with a mortality rate of 
25 %, is one of the most frequent 
causes of death [76, 95]. In particular, 
swallowing disorders (dysphagia), 
wearing dentures at night, inadequate 
denture hygiene and a weakened im-
mune system favor the development 
of aspiration pneumonia [71, 91]. Be-
sides aspiration pneumonia, gastroin-
testinal infections belong to possible 
disseminated infections caused by the 
accumulation of oropharyngeal bacte-
ria on denture surfaces [77].

Various studies have shown that 
improved oral hygiene, with the ac-
companying lower germ load, has a 
positive effect on morbidity and mor-
tality from pneumonia: In this 
manner, 10 % of pneumonia-related 
deaths in nursing homes could be pre-
vented by improved oral hygiene [95]. 
Optimized oral hygiene also seems to 
be more effective in reducing pneu-
monia-related mortality rates than 
drug therapy. Besides this, patients 
with improved oral and denture care 
experienced a shorter fever duration 
than patients who did not intensify 
oral and denture hygiene [109].

2. Modern materials and 
strategies for modulating 
biofilm formation and  
removal from removable 
dentures

In the development of new dental 
materials, the optimization of me -
chanical properties such as flexural 
strength, resistance to fracture or 
hardness and the improvement of 
the esthetic appearance are often the 
major focus. However, the above-
mentioned considerations concern-
ing the prevalence and importance of 
biofilms on removable dentures show 

that strategies, which minimize the 
adhesion of biofilms to removable 
denture materials, or allow easy re-
moval of these biofilms from the sur-
face of the dentures, could contribute 
significantly to maintaining the oral 
and systemic health of denture  
wearers. For this reason, in addition 
to optimizing the mechanical and es-
thetic properties of denture materials, 
biological considerations should also 
be taken into account when these 
materials are further developed. 

2.1 Modification of biofilm 
formation on removable 
dentures by means of  
material properties 

For the adhesion of biofilms on poly-
meric materials, it seems that their 
chemical composition, in particular, 
as well as their surface roughness, 
energy and topography are relevant 
properties. In general, their influence 
decreases with increasing biofilm 
thickness [35]; this substantiates the 
idea that a potentially preventive in-
fluence of the material must be main-
tained by regular mechanical re-
moval of the adhering biofilm. This 
further implies that innovative ma-
terial-associated strategies for control-
ling biofilms on polymeric materials 
for the production of dentures must 
have sufficient resistance to with-
stand the necessary repeated me -
chanical cleaning. 

A high surface roughness gen-
erally causes an increased accumu-
lation of microorganisms due to the 
increased surface area available for 
adhesion and the furnishing of 
niches protecting against shear 
forces, which can in turn be de-
creased by polishing. Although mac-
rofilled resin composites of earlier 
generations, especially, were associ-
ated with high surface roughness, 
and thus high plaque accumulation, 
modern hybrid resin composites 
show much better behavior in this re-
gard [44]. However, different degrees 
of biofilm adhesion were observed 
for different CAD/CAM materials des-
pite comparable surface roughness. 
The group of polymers showed the 
lowest biofilm adhesion: Polymer 
materials such as denture base ma-
terials have a larger proportion of or-
ganic components, which presum-
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ably cause less bioadhesion than in-
organic components [4]. To date, 
there have been very few studies re-
garding the accumulation of biofilms 
on modern materials for the CAD/
CAM-fabrication of removable den-
tures. Lower surface roughness values 
and lower adhesion of C. albicans 
have been demonstrated for PMMA 
processed by CAD/CAM than for 
PMMA produced by conventional 
methods [72]. Hence, it can be as-
sumed that, in addition to improved 
mechanical properties, biofilm ad-
hesion is also lower for removable 
dentures fabricated using CAD/CAM 
technology as compared to conven-
tional fabrication of polymer materi-
als [83, 97]. 

The chemical composition of 
polymeric materials also appears to 
play an important role in the ad-
hesion of microorganisms. The addi-
tion of antibacterial substances to 
dental materials can be one means of 
delaying or minimizing biofilm ad-
hesion and growth. Possible antibacte-
rial additives include silver ions [15, 
108], zinc oxide nanoparticles [101] 
and chlorhexidine [60]. The best 
known antibacterial dental material is 
amalgam. However, the example of 
amalgam shows that the development 
of effective antibacterial materials is 
always a balancing act between anti-
bacterial [9, 40] and cytotoxic effects 
[64]. Furthermore, the release of anti-
bacterial substances has the disadvan-
tage of having a temporary effect. Sub-
stances which are added, or more spe-
cifically, their release can have a 
negative influence on the mechanical 
properties [2, 51, 110]. It has been 
shown that with increasing polymer-
ization time of resin composites, and 
thus with a presumably decreasing 
concentration of uncured monomers, 
the adhesion and proliferation of 
some bacterial strains also decreases 
[14]. Consequently, not only for 
mechanical, but also for biological 
reasons, the careful curing of the cor-
responding materials by heat, pressure 
and/or light based on the manufac-
turer‘s instructions is strongly recom-
mended. In recent years, the process-
ing and machining of dental materials 
such as PAEK or PMMA by means of 
CAD/CAM-processing has become es-
tablished. Unfortunately, there are 

only a few studies investigating bio-
film formation on PAEK materials 
[96]. Some studies have presented a 
lower bioadhesion on PAEK materials 
than, for example, on conventionally 
processed PMMA [35,70]. To date, 
however, it has not been conclusively 
clarified which mechanism is respon-
sible for this finding. One assumption 
is the more homogeneous composi-
tion and high curing degree of CAD/
CAM vs. conservatively processed ma-
terials. 

Studies on the effect of the sur-
face topography of dental resin com-
posites on the adhesion of micro-
organisms show that microstructured 
surfaces are more hydrophobic due to 
higher water contact angles, thus re-
sulting in increased air inclusions, 
which in turn reduces the total avail-
able contact area between materials 
and microorganisms [25]. In addi-
tion, the topographic barriers lead to 
a reduction in Quorum Sensing be-
tween the microorganisms [25]. For 
direct dental restorations, this effect 
can be exploited by using microstruc-
tured matrices for filling placement. 
With the aim of optimizing poly-
meric materials for indirect dental 
restorations, special polishing re-
gimes are conceivable that leave a 
specially structured surface. Studies 
have shown that different polishing 
regimes, which produce diverse sur-
face patterns, tend to have different 
degrees of bioadhesion, even if they 
have a comparable final roughness 
[34, 44, 86]. With regard to denture 
bases that are not polishable, the fab-
rication of removable dentures using 
CAD/CAM-processing could be inter-
esting, since these materials appear to 
exhibit positive properties with re-
gard to biofilm adhesion [72]. While 
the surface topography of polymers 
can be modified by polishing and 
production methods, biomimetic 
microstructuring of metals is possible 
with the aid of special lasers and this 
has shown reduced microorganism 
attachment [3, 18]. Thus, the surface 
structuring of metal denture frame-
works using laser offers a prospect for 
the further development of dental 
biomaterials.

The effects of different denture 
materials and their surface properties 
on bacterial adhesion and biofilm 

formation have not yet been suffi-
ciently characterized. However, the 
elucidation of the underlying mechan- 
isms could make a significant con-
tribution to the future optimization 
of denture materials from a biological 
point of view; the aim would be to  
reduce the prevalence of biofilm-in-
duced diseases in denture wearers in 
the long term. For both approaches, 
elucidation of mechanisms and de-
velopment of innovative denture ma-
terials, reproducible model systems 
close to clinical practice can be used; 
the oral multi-species biofilm model 
can, for example, be used for in-vitro 
studies under static and under dy-
namic flow conditions that resemble 
clinical practice [55, 56]. This model 
is already being used in dental im-
plant research [19]. Such in-vitro ana-
lyzes, which are frequently performed 
by means of high throughput screen-
ing, should be complemented, or 
validated, by in-situ studies, such as 
by placing test specimens in splints 
or dentures. In-situ approaches have 
the advantage of allowing biofilm 
formation to occur under the natural 
conditions of the oral cavity. 

2.2 Modification of the  
adhesion of Candida  
albicans on removable  
dentures through material 
properties

Since denture bases are usually not 
polished and the denture plastic can 
be penetrated by C. albicans [66], the 
rebasing or the new fabrication of the 
denture is advisable, especially for 
older dentures and existing denture-
related stomatitis, so as to avoid rein-
fection after antimycotic therapy of 
the mucous membranes [58]. It is 
known that C. albicans reacts less sen-
sitively to antifungal therapy, particu-
larly in pores of rough material sur-
faces [102] and leaves endotoxins in 
these pores, which further sustain the 
infection by slow release [16]. A re-
duced attachment of C. albicans oc-
curs on smooth and hydrophilic sur-
faces [29, 75, 88, 100, 111]. Addition-
ally, a relationship between the basic 
part of the surface free energy and the 
adhesion of C. albicans could be dem-
onstrated [49]. Furthermore, it has 
been shown that the adhesion of 
C. albicans to polyamides is higher 
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than to PMMA-based resins [24]. With 
regard to the different materials avail-
able, there are contradictory results 
concerning the adhesion and prolifer-
ation of C. albicans: While some  
authors demonstrated a significantly 
higher Candida colonization of 
PMMA than on silicone-based soft re-
lining materials [80], other authors 
were able to demonstrate a lower colo -
nization of PMMA with C. albicans as 
compared to the soft relining mate -
rials [6]. A possible explanation for 
these varying results could be related 
to the porosity of soft relining materi-
als, which may harbor a large number 
of Candida cells in their pores and 
make them inaccessible for analysis, 
thus conceivably falsifying the results 
[80]. It could also be shown that ma-
terials with high surface energies such 
as urethane dimethacrylate (UDMA) 
and silicone displayed higher colo -
nization with C. albicans than materi-
als with comparatively lower surface 
energies [53]. The proportion of hy -
phae on silicone-based materials was 
higher than on UDMA- or PMMA-
based materials [98].

In this regard, it is worth con-
sidering that most of the present in-
vestigations, especially with respect 
to the analysis of the adhesion of 
C. albicans to different denture base 
materials, have been carried out 
under experimental conditions; this 
means that the settings are often not 
very comparable and this is further 
complicated by the fact that clinical 
investigations barely exist. In spite of 
this, based on the available data, it 
can be concluded that for the pro-
duction of denture bases, hydrophilic 
materials should be used as far as 
possible, as well as materials that 
have the lowest possible initial 
roughness after production; in this 
manner, porosities, and thus niches 
for biofilm formation, can be mini-
mized in order to reduce biofilm-as-
sociated diseases.

3. Microorganisms change 
materials

Every material that is introduced into 
the oral cavity is subject to an ageing 
process as a result of use. The surfaces 
of removable dentures are no excep-
tion and they show signs of ageing 
and fatigue due to the daily mechan -

ical, thermal and chemical stress dur-
ing use and cleaning [90]. In the long 
term, this can lead to surface rough-
ness, discoloration and odor. In  
addition, the moisture in the oral 
cavity and the moist extraoral storage 
environment cause the material to 
absorb water, which varies in extent 
depending on the material, and can 
lead to a reduction in the strength of 
the material [99]. It appears that 
thermoplastics absorb less water than 
cured resin materials [45]. Drying of 
the denture in turn can lead to dis-
tortion and a reduced accuracy of fit, 
although, shorter drying phases can 
reduce the formation of bacteria on 
the surface of the material [90]. In ad-
dition, microorganisms play a deci-
sive role in the modification of 
polymer denture materials [8, 26, 39, 
84]. Even pellicle intercalation be-
tween the matrix and filler material 
can cause fillers to dissolve out of the 
resin composite, and thus, favor the 
polymer‘s deterioration. Some of the 
enzymes that are secreted by micro-
organisms [13], in addition to acids, 
can degrade material surfaces [12, 
65]. This can increase the surface 
roughness of the materials [74], 
which on the one hand, promotes 
bioadhesion, while also simulta-
neously irritating the mucosa in con-
tact. This phenomenon seems to af-
fect the polymer materials of older 
generations especially [74]. Therefore, 
the use of newer generation polymer 
materials as well as regular profes-
sional cleaning and polishing of 
polymer-based restorations seem to 
be recommendable. However, no 
clinical or experimental data is avail-
able to date regarding the long-term 
durability of modern materials that 
are used for the fabrication of remov-
able dentures such as PAEKs or CAD/
CAM-processed PMMA [96]. 

4. Future prospects
Removable dentures will play an im-
portant role in dental prosthetics in 
the foreseeable future. Due to the 
current demographic trends, an in-
creasing number of older patients are 
being treated with dentures. Since 
regular and adequate removal of bio-
films from the surface of removable 
dentures cannot be ensured in all 
cases, it would be desirable to devel-

op materials and strategies that make 
the biofilm accumulation on, and the 
removal from, denture surfaces man-
ageable and predictable. Currently, 
the available data from clinical 
studies regarding the interaction be-
tween polymeric materials of remov-
able dentures and biofilms is rather 
sparse. The first reported results for 
modern polymeric materials with op-
timized material properties have been 
promising. Further strategies that 
promise the easy removal of adherent 
biofilms from the surface of denture 
base materials have so far only been 
described in very limited laboratory 
studies, mostly with a different back-
ground. At the moment, research re-
garding clinical applications is still 
pending. 

Conflicts of interest
The authors declare that there is no 
conflict of interest within the mean-
ing of the guidelines of the Inter-
national Committee of Medical  
Journal Editors.

References

1. Abaci O, Haliki-Uztan A, Ozturk B, 
Toksavul S, Ulusoy M, Boyacioglu H: De-
termining Candida spp. incidence in den-
ture wearers. Mycopathologia 2010; 169: 
365–372

2. Al-Haddad A, Vahid Roudsari R, Sat-
terthwaite JD: Fracture toughness of heat 
cured denture base acrylic resin modified 
with Chlorhexidine and Fluconazole as 
bioactive compounds. J Dent 2014; 42: 
180–184

3. Aliuos P, Fadeeva E, Badar M et al.: 
Evaluation of single-cell force spectro-
scopy and fluorescence microscopy to 
determine cell interactions with femto-
second-laser microstructured titanium 
surfaces. J Biomed Mater Res A 2013; 
101: 981–990

4. Astasov-Frauenhoffer M, Glauser S, 
Fischer J, Schmidli F, Waltimo T, Rohr N: 
Biofilm formation on restorative materials 
and resin composite cements. Dent 
Mater 2018; 34: 1702–1709

5. Atarbashi-Moghadam F, Havaei SR, 
Havaei SA, Hosseini NS, Behdadmehr G, 
Atarbashi-Moghadam S: Periopathogens 
in atherosclerotic plaques of patients 
with both cardiovascular disease and 
chronic periodontitis. ARYA Atheroscler 
2018; 14: 53–57

GÜNTHER, KOMMEREIN, HAHNEL: 

Biofilms on polymeric materials for the fabrication of removable dentures



149

© Deutscher Ärzteverlag | DZZ International | Deutsche Zahnärztliche Zeitschrift International | 2020; 2 (4) 

6. Bal BT, Yavuzyilmaz H, Yücel M: A 
pilot study to evaluate the adhesion of 
oral microorganisms to temporary soft 
lining materials. J Oral Sci 2008; 50: 1–8

7. Barbe AG, Kottmann HE, Müller D et 
al.: Evaluation of time and resources 
required for professional dental cleaning 
in nursing home residents. Spec Care 
Dentist 2019; 39: 89–96

8. Beyth N, Bahir R, Matalon S, Domb 
AJ, Weiss EI: Streptococcus mutans bio-
film changes surface-topography of resin 
composites. Dent Mater 2008; 24: 
732–736

9. Beyth N, Domb AJ, Weiss EI: An in 
vitro quantitative antibacterial analysis of 
amalgam and composite resins. J Dent 
2007; 35: 201–206

10. Bilhan H, Sulun T, Erkose G et al.: The 
role of Candida albicans hyphae and Lac-
tobacillus in denture-related stomatitis. 
Clin Oral Investig 2009; 13: 363–368

11. Blankenstein F: Verwendung thermo-
plastischer Nylon-Kunststoffe als Prothe-
senbasismaterial. Mitteilung der DGZPW. 
zm 2009; 99: 42–44

12. Borges MAP, Matos IC, Mendes LC, 
Gomes AS, Miranda MS: Degradation of 
polymeric restorative materials subjected 
to a high caries challenge. Dent Mater 
2011; 27: 244–252

13. Bourbia M, Ma D, Cvitkovitch DG, 
Santerre JP, Finer Y: Cariogenic bacteria 
degrade dental resin composites and ad-
hesives. J Dent Res 2013; 92: 989–994

14. Brambilla E, Gagliani M, Ionescu A, 
Fadini L, García-Godoy F: The influence 
of light-curing time on the bacterial  
colonization of resin composite surfaces. 
Dent Mater 2009; 25: 1067–1072

15. Buergers R, Eidt A, Frankenberger R 
et al.: The anti-adherence activity and 
bactericidal effect of microparticulate 
silver additives in composite resin materi-
als. Arch Oral Biol 2009; 54: 595–601

16. Cate JM ten, Klis FM, Pereira-Cenci T, 
Crielaard W, de Groot, P W J: Molecular 
and cellular mechanisms that lead to 
Candida biofilm formation. J Dent Res 
2009; 88: 105–115

17. Diaz-Arnold AM, Vargas MA, Shaull 
KL, Laffoon JE, Qian F: Flexural and fa-
tigue strengths of denture base resin. 
J Prosthet Dent 2008; 100: 47–51

18. Doll K, Fadeeva E, Schaeske J et al.: 
Development of laser-structured liquid-
infused titanium with strong biofilm-re-
pellent properties. ACS Appl Mater Inter-
faces 2017; 9: 9359–9368

19. Doll K, Yang I, Fadeeva E et al.: 
Liquid-infused structured titanium sur-
faces: antiadhesive mechanism to repel 
streptococcus oralis biofilms. ACS Appl 
Mater Interfaces 2019; 11: 23026–23038

20. Douglas L: Candida biofilms and 
their role in infection. Trends Microbiol 
2003; 11: 30–36

21. Eberhard J, Stumpp N, Winkel A et 
al.: Streptococcus mitis and Gemella  
haemolysans were simultaneously found 
in atherosclerotic and oral plaques of 
elderly without periodontitis – a pilot 
study. Clin Oral Investig 2017; 21: 
447–452

22. Edgerton M, Levine MJ: Characteri -
zation of acquired denture pellicle from 
healthy and stomatitis patients. J Prosthet 
Dent 1992; 68: 683–691

23. El-Solh AA: Association between 
pneumonia and oral care in nursing 
home residents. Lung 2011; 189: 
173–180

24. Freitas-Fernandes FS, Cavalcanti YW, 
Ricomini Filho AP et al.: Effect of daily use 
of an enzymatic denture cleanser on 
Candida albicans biofilms formed on 
polyamide and poly(methyl methacry-
late) resins: an in vitro study. J Prosthet 
Dent 2014; 112: 1349–1355

25. Frenzel N, Maenz S, Sanz Beltrán V et 
al.: Template assisted surface microstruc-
turing of flowable dental composites and 
its effect on microbial adhesion proper-
ties. Dent Mater 2016; 32: 476–487

26. Fúcio SBP, Carvalho FG, Sobrinho LC, 
Sinhoreti MAC, Puppin-Rontani RM: The 
influence of 30-day-old Streptococcus 
mutans biofilm on the surface of esthetic 
restorative materials – an in vitro study. 
J Dent 2008; 36: 833–839

27. Gendreau L, Loewy ZG: Epidemiol-
ogy and etiology of denture stomatitis. 
J Prosthodont 2011; 20: 251–260

28. Göcke R, Gerath F, Schwanewede H 
von: Quantitative determination of sali-
vary components in the pellicle on 
PMMA denture base material. Clin Oral 
Investig 2002; 6: 227–235

29. Gomes AS, Sampaio-Maia B, Vas-
concelos M, Fonesca PA, Figueiral H: In 
situ evaluation of the microbial adhesion 
on a hard acrylic resin and a soft liner 
used in removable prostheses. Int J Pros-
thodont 2015; 28: 65–71

30. Grimaudo NJ, Nesbitt WE: Coaggre-
gation of Candida albicans with oral  
Fusobacterium species. Oral Microbiol 
Immunol 1997; 12: 168–173

31. Grimaudo NJ, Nesbitt WE, Clark WB: 
Coaggregation of Candida albicans with 
oral Actinomyces species. Oral Microbiol 
Immunol 1996; 11: 59–61

32. Hahnel S, Rosentritt M, Buergers R, 
Handel G, Lang R: Candida albicans bio-
film formation on soft denture liners and 
efficacy of cleaning protocols. Gerodon-
tology 2012; 29: e383–91

33. Hahnel S, Scherl C, Rosentritt M: In-
terim rehabilitation of occlusal vertical di-

mension using a double-crown-retained 
removable dental prosthesis with poly -
etheretherketone framework. J Prosthet 
Dent 2018; 119: 315–318

34. Hahnel S, Wastl DS, Schneider-Feyrer 
S et al.: Streptococcus mutans biofilm 
formation and release of fluoride from 
experimental resin-based composites de-
pending on surface treatment and S-PRG 
filler particle fraction. J Adhes Dent 2014; 
16: 313–321

35. Hahnel S, Wieser A, Lang R, Rosen-
tritt M: Biofilm formation on the surface 
of modern implant abutment materials. 
Clin Oral Implants Res 2015; 26: 
1297–1301

36. Hannig M: Transmission electron 
microscopic study of in vivo pellicle 
formation on dental restorative materials. 
Eur J Oral Sci 1997; 105: 422–433

37. Hannig M: Ultrastructural investi-
gation of pellicle morphogenesis at two 
different intraoral sites during a 24-h 
period. Clin Oral Investig 1999; 3: 88–95

38. Hannig M, Joiner A: The structure, 
function and properties of the acquired 
pellicle. Monogr Oral Sci 2006; 19: 
29–64

39. 39. Hao Y, Huang X, Zhou X et al.: 
Influence of dental prosthesis and re-
storative materials interface on oral bio-
films. Int J Mol Sci 2018; 19: 3157

40. Hegde NN, Attavar SH, Hegde MN, 
Priya G: Antibacterial activity of dental  
restorative material: An in vitro study. 
J Conserv Dent 2018; 21: 42–46

41. Heimer S, Schmidlin PR, Stawarczyk 
B: Effect of different cleaning methods of 
polyetheretherketone on surface rough-
ness and surface free energy properties. 
J Appl Biomater Funct Mater 2016; 14: 
e248–55

42. Hube B, Albrecht A, Bader O et al.: 
Pathogenitätsfaktoren bei Pilzinfektionen. 
Bundesgesundheitsbl 2002; 45: 159–165

43. Iinuma T, Arai Y, Abe Y et al.: Denture 
wearing during sleep doubles the risk of 
pneumonia in the very elderly. J Dent Res 
2015; 94: 28S–36S

44. Ionescu A, Wutscher E, Brambilla E, 
Schneider-Feyrer S, Giessibl FJ, Hahnel S: 
Influence of surface properties of resin-
based composites on in vitro Strepto -
coccus mutans biofilm development. 
Eur J Oral Sci 2012; 120: 458–465

45. Jarkas MI: Werkstoffmechanischer 
Vergleich hypoallergener Prothesenbasis -
kunststoffe. Dissertation, Halle-Witten-
berg 2007

46. Jong HP de, Boer P de, Busscher HJ, 
Pelt AW van, Arends J: Surface free ener-
gy changes of human enamel during  
pellicle formation. An in vivo study.  
Caries Res 1984; 18: 408–415

GÜNTHER, KOMMEREIN, HAHNEL: 

Biofilms on polymeric materials for the fabrication of removable dentures



150

© Deutscher Ärzteverlag | DZZ International | Deutsche Zahnärztliche Zeitschrift International | 2020; 2 (4)

47. Jordan AR, Micheelis W: Fünfte Deut-
sche Mundgesundheitsstudie (DMS V). 
2016

48. Jordan R, Sirsch E, Gesch D, Zimmer 
S, Bartholomeyczik S: Verbesserung der 
zahnmedizinischen Betreuung in der  
Altenpflege durch Schulungen von Pfle-
gekräften. Pflege 2012; 25: 97–105

49. Kang S-H, Lee H-J, Hong S-H, Kim 
K-H, Kwon T-Y: Influence of surface char-
acteristics on the adhesion of Candida  
albicans to various denture lining materi-
als. Acta Odontol Scand 2013; 71: 
241–248

50. Kilian M, Chapple ILC, Hannig M et 
al.: The oral microbiome – an update for 
oral healthcare professionals. Br Dent J 
2016; 221: 657–666

51. Kim O, Shim WJ: Studies on the 
preparation and dental properties of anti-
bacterial polymeric dental restorative 
composites containing alkylated am-
monium chloride derivatives. J Polym  
Res Taiwan 2001; 8: 49–57

52. Kimoto S, Kimoto K, Gunji A et al.: 
Clinical effects of acrylic resilient denture 
liners applied to mandibular complete 
dentures on the alveolar ridge. J Oral  
Rehabil 2007; 34: 862–869

53. Koch C, Bürgers R, Hahnel S: Candi-
da albicans adherence and proliferation 
on the surface of denture base materials. 
Gerodontology 2013; 30: 309–313

54. Kolenbrander PE, Palmer RJ, Peri-
asamy S, Jakubovics NS: Oral multi-
species biofilm development and the key 
role of cell-cell distance. Nat Rev Micro-
biol 2010; 8: 471–480

55. Kommerein N, Doll K, Stumpp NS, 
Stiesch M: Development and characteri -
zation of an oral multispecies biofilm im-
plant flow chamber model. PLoS ONE 
2018; 13: e0196967

56. Kommerein N, Stumpp SN, Müsken 
M et al.: An oral multispecies biofilm 
model for high content screening appli-
cations. PLoS ONE 2017; 12: e0173973

57. Koo H, Andes DR, Krysan DJ: Candi-
da-streptococcal interactions in biofilm-
associated oral diseases. PLoS Pathog 
2018; 14: e1007342

58. Latib YO, Owen CP, Patel M: Viability 
of Candida albicans in denture base resin 
after disinfection: a preliminary study. Int 
J Prosthodont 2018; 31: 436–439

59. Leberer E, Ziegelbauer K, Schmidt A 
et al.: Virulence and hyphal formation of 
Candida albicans require the Ste20p-like 
protein kinase CaCla4p. Curr Biol 1997; 
7: 539–546

60. Leung D, Spratt DA, Pratten J, Gu-
labivala K, Mordan NJ, Young AM: Chlor-
hexidine-releasing methacrylate dental 
composite materials. Biomaterials 2005; 
26: 7145–7153

61. Listgarten MA: Formation of dental 
plaque and other oral biofilms. In: New-
man HN, Wilson M (Hrsg): Dental plaque 
revisited-oral biofilms in health and dis-
ease. Bioline, Cardiff 2000, 187–210

62. Mantzourani M, Gilbert SC, Fenlon 
M, Beighton D: Non-oral bifidobacteria 
and the aciduric microbiota of the den-
ture plaque biofilm. Mol Oral Microbiol 
2010; 25: 190–199

63.  Marinoski J, Bokor-Bratić M, Čanković 
M: Is denture stomatitis always related 
with candida infection? A case control 
study. Med Glas (Zenica) 2014; 11: 
379–384

64. Mary SJ, Girish KL, Joseph TI, Sathyan 
P: Genotoxic effects of silver amalgam 
and composite restorations: micronuclei-
based cohort and case-control study in 
oral exfoliated cells. Contemp Clin Dent 
2018; 9: 249–254

65. Matsuo H, Suenaga H, Takahashi M, 
Suzuki O, Sasaki K, Takahashi N: Deterio-
ration of polymethyl methacrylate den-
tures in the oral cavity. Dent Mater J 
2015; 34: 234–239

66. Mayahara M, Kataoka R, Arimoto T  
et al.: Effects of surface roughness and  
dimorphism on the adhesion of Candida 
albicans to the surface of resins: Scanning 
electron microscope analyses of mode 
and number of adhesions. J Investig Clin 
Dent 2014; 5: 307–312

67. Melk A, Tegtbur U, Hilfiker-Kleiner D 
et al.: Improvement of biological age by 
physical activity. Int J Cardiol 2014; 176: 
1187–1189

68. Mendes A, Mores AU, Carvalho AP, 
Rosa RT, Samaranayake LP, Rosa EAR: 
Candida albicans biofilms produce more 
secreted aspartyl protease than the 
planktonic cells. Biol Pharm Bull 2007; 
30: 1813–1815

69. Mesa F, Magan-Fernandez A, Castelli-
no G, Chianetta R, Nibali L, Rizzo M: Peri-
odontitis and mechanisms of cardiometa-
bolic risk: Novel insights and future per-
spectives. Biochim Biophys Acta Mol 
Basis Dis 2019; 1865: 476–484

70. Mishra S, Chowdhary R: PEEK materi-
als as an alternative to titanium in dental 
implants: A systematic review. Clin Im-
plant Dent Relat Res 2019; 21: 208–222

71. Mojon P: Oral health and respiratory 
infection. J Can Dent Assoc 2002; 68: 
340–345

72. Murat S, Alp G, Alatalı C, Uzun M: In 
vitro evaluation of adhesion of Candida 
albicans on CAD/CAM PMMA-based 
polymers. J Prosthodont 2019; 28: 
e873–e879

73. Najeeb S, Zafar MS, Khurshid Z, Sid-
diqui F: Applications of polyetherether -
ketone (PEEK) in oral implantology and 
prosthodontics. J Prosthodont Res 2016; 
60: 12–19

74. Nedeljkovic I, Munck J de, Ungu-
reanu A-A et al.: Biofilm-induced changes 
to the composite surface. J Dent 2017; 
63: 36–43

75. Nevzatoğlu EU, Ozcan M, Kulak-
Ozkan Y, Kadir T: Adherence of Candida 
albicans to denture base acrylics and  
silicone-based resilient liner materials 
with different surface finishes. Clin Oral 
Investig 2007; 11: 231–236

76. Niederman MS: Nosocomial pneu-
monia in the elderly patient. Chronic 
care facility and hospital considerations. 
Clin Chest Med 1993; 14: 479–490

77. Nikawa H, Hamada T, Yamamoto T: 
Denture plaque – past and recent con-
cerns. J Dent 1998; 26: 299–304

78. Nitschke I, Kaschke I: Zahnmedizi -
nische Betreuung von Pflegebedürftigen 
und Menschen mit Behinderungen. Bun-
desgesundheitsbl 2011; 54: 1073–1082

79. Nitschke I, Majdani M, Sobotta BAJ, 
Reiber T, Hopfenmüller W: Dental care of 
frail older people and those caring for 
them. J Clin Nurs 2010; 19: 1882–1890

80. O‘Donnell LE, Alalwan HKA, Kean R 
et al.: Candida albicans biofilm heteroge-
neity does not influence denture stomati-
tis but strongly influences denture cleans-
ing capacity. J Med Microbiol 2017; 66: 
54–60

81. O‘Donnell LE, Millhouse E, Sherry L 
et al.: Polymicrobial Candida biofilms: 
friends and foe in the oral cavity. FEMS 
Yeast Res 2015; 15

82. O‘Donnell LE, Smith K, Williams C 
et al.: Dentures are a reservoir for respi -
ratory pathogens. J Prosthodont 2016; 
25: 99–104

83. Pacquet W, Benoit A, Hatège-Kimana 
C, Wulfman C: Mechanical properties of 
CAD/CAM denture base resins. Int J Pros-
thodont 2019; 32: 104–106

84. Padovani G, Fúcio S, Ambrosano G, 
Sinhoreti M, Puppin-Rontani R: In situ 
surface biodegradation of restorative  
materials. Oper Dent 2014; 39: 349–360

85. Palla ES, Karaoglani E, Naka O, Anas-
tassiadou V: Soft denture liners‘ effect on 
the masticatory function in patients 
wearing complete dentures: A systematic 
review. J Dent 2015; 43: 1403–1410

86. Park JW, Song CW, Jung JH, Ahn SJ, 
Ferracane JL: The effects of surface 
roughness of composite resin on biofilm 
formation of Streptococcus mutans in the 
presence of saliva. Oper Dent 2012; 37: 
532–539

87. Pereira-Cenci T, Deng DM, Kraneveld 
EA et al.: The effect of Streptococcus 
mutans and Candida glabrata on Candi-
da albicans biofilms formed on different 
surfaces. Arch Oral Biol 2008; 53: 
755–764

GÜNTHER, KOMMEREIN, HAHNEL: 

Biofilms on polymeric materials for the fabrication of removable dentures



151

© Deutscher Ärzteverlag | DZZ International | Deutsche Zahnärztliche Zeitschrift International | 2020; 2 (4) 

88. Pereira-Cenci T, del Bel Cury AA, 
Cenci MS, Rodrigues-Garcia RCM: In 
vitro Candida colonization on acrylic  
resins and denture liners: Influence of  
surface free energy, roughness, saliva, 
and adhering bacteria. Int J Prosthodont 
2007; 20: 308–310

89. Ramage G, Coco B, Sherry L, Bagg J, 
Lappin DF: In vitro Candida albicans bio-
film induced proteinase activity and SAP8 
expression correlates with in vivo denture 
stomatitis severity. Mycopathologia 
2012; 174: 11–19

90. Rosentritt M, Ilie N, Lohbauer U 
(Hrsg): Werkstoffkunde in der Zahnme -
dizin. Moderne Materialien und Tech-
nologien. Georg Thieme Verlag, Stutt-
gart, New York 2018

91. Scannapieco FA, Papandonatos GD, 
Dunford RG: Associations between oral 
conditions and respiratory disease in a 
national sample survey population. Ann 
Periodontol 1998; 3: 251–256

92. Schierz O, Schierz S, Rauch A: 
Kunst – das neue Metall? ZMK 2018; 34: 
378–385

93. Schimmel M, Katsoulis J, Genton L, 
Müller F: Masticatory function and nutri-
tion in old age. Swiss Dent J 2015; 125: 
449–454

94. Silla M, Eichberger M, Stawarczyk B: 
Polyetherketonketon (PEKK) als Restau -
rationswerkstoff in der modernen Zahn- 
medizin: eine Literaturübersicht. Die 
Quintessenz der Zahntechnik 2016; 42: 
176–190

95. Sjögren P, Nilsson E, Forsell M, Jo-
hansson O, Hoogstraate J: A systematic 
review of the preventive effect of oral  
hygiene on pneumonia and respiratory 
tract infection in elderly people in hospi -
tals and nursing homes: effect estimates 
and methodological quality of random -
ized controlled trials. J Am Geriatr Soc 
2008; 56: 2124–2130

96. Skirbutis G, Dzingutė A, Masiliūnaitė 
V, Šulcaitė G, Žilinskas J: PEEK polymer‘s 
properties and its use in prosthodontics. 
A review. Stomatologija 2018; 20: 54–58

97. Stawarczyk B, Eichberger M, Uhren-
bacher J, Wimmer T, Edelhoff D, Schmid-
lin PR: Three-unit reinforced polyether -
etherketone composite FDPs: influence  

of fabrication method on load-bearing 
capacity and failure types. Dent Mater J 
2015; 34: 7–12

98. Susewind S, Lang R, Hahnel S: Bio-
film formation and Candida albicans 
morphology on the surface of denture 
base materials. Mycoses 2015; 58: 
719–727

99. Takahashi Y, Hamanaka I, Shimizu H: 
Flexural properties of denture base resins 
subjected to long-term water immersion. 
Acta Odontol Scand 2013; 71: 716–720

100.. Tari BF, Nalbant D, Dogruman Al F, 
Kustimur S: Surface roughness and ad-
herence of Candida albicans on soft lin-
ing materials as influenced by accelerated 
aging. J Contemp Dent Pract 2007; 8: 
18–25

101.. Tavassoli Hojati S, Alaghemand H, 
Hamze F et al.: Antibacterial, physical 
and mechanical properties of flowable 
resin composites containing zinc oxide 
nanoparticles. Dent Mater 2013; 29: 
495–505

102.. Tsang CSP, Ng H, McMillan AS: 
Antifungal susceptibility of Candida  
albicans biofilms on titanium discs with 
different surface roughness. Clin Oral  
Investig 2007; 11: 361–368

103.. Urushibara Y, Ohshima T, Sato M et 
al.: An analysis of the biofilms adhered to 
framework alloys using in vitro denture 
plaque models. Dent Mater J 2014; 33: 
402–414

104.. Vacca Smith AM, Bowen WH: In situ 
studies of pellicle formation on hydroxy -
apatite discs. Arch Oral Biol 2000; 45: 
277–291

105.. Vassilakos N, Arnebrant T, Glantz 
PO: An in vitro study of salivary film 
formation at solid/liquid interfaces. Scand 
J Dent Res 1993; 101: 133–137

106.. Vassilakos N, Arnebrant T, Run-
degren J, Glantz PO: In vitro interactions 
of anionic and cationic surfactants with 
salivary fractions on well-defined solid 
surfaces. Acta Odontol Scand 1992; 50: 
179–188

107.. Wårdh I, Hallberg LR-M, Berggren 
U, Andersson L, Sörensen S: Oral health 
education for nursing personnel; experi-
ences among specially trained oral care 

aides: one-year follow-up interviews with 
oral care aides at a nursing facility. Scand 
J Caring Sci 2003; 17: 250–256

108.. Yamamoto K, Ohashi S, Aono M, 
Kokubo T, Yamada I, Yamauchi J: Antibac-
terial activity of silver ions implanted in 
SiO2 filler on oral streptococci. Dental 
Materials 1996; 12: 227–229

109.. Yoneyama T, Yoshida M, Ohrui T et 
al.: Oral care reduces pneumonia in older 
patients in nursing homes. J Am Geriatr 
Soc 2002; 50: 430–433

110.. Yoshida K, Tanagawa M, Atsuta M: 
Characterization and inhibitory effect of 
antibacterial dental resin composites in-
corporating silver-supported materials. 
J Biomed Mater Res 1999; 47: 516–522

111.. Yoshijima Y, Murakami K, Kayama S 
et al.: Effect of substrate surface hydro-
phobicity on the adherence of yeast and 
hyphal Candida. Mycoses 2010; 53: 
221–226

112.. Zijnge V, van Leeuwen, M Barbara 
M, Degener JE et al.: Oral biofilm archi-
tecture on natural teeth. PLoS ONE 2010; 
5: e9321

113.. Zoidis P, Papathanasiou I, Polyzois 
G: The use of a modified Poly-Ether-
Ether-Ketone (PEEK) as an alternative 
framework material for removable dental 
prostheses. A clinical report. J Prostho-
dont 2016; 25: 580–584

GÜNTHER, KOMMEREIN, HAHNEL: 

Biofilms on polymeric materials for the fabrication of removable dentures

ELENA GÜNTHER
Department of Prosthodontics  
and Dental Materials Science, 
University Leipzig, Germany
Liebigstr. 12; 04103 Leipzig

elena.guenther@medizin.uni-leipzig.de

(P
ho

to
: G

ol
d

en
 E

ye
s 

Fo
to

g
ra

fie
)



152

© Deutscher Ärzteverlag | DZZ International | Deutsche Zahnärztliche Zeitschrift International | 2020; 2 (4)

LEGAL DISCLOSURE

DZZ International
German Dental Journal International

Publishing Institution
International Journal of the German Society of 
Dentistry and Oral Medicine/Deutsche Gesellschaft 
für Zahn-, Mund- und Kieferheilkunde e. V.  
(Zentralverein, gegr. 1859), Liesegangstr. 17a, 
40211 Düsseldorf, Phone: +49 2 11 / 61 01 98 – 
0, Fax: +49 2 11 / 61 01 98 – 11

Affiliations
German Society of Periodontolgy (DG PARO) 
German Society for Prosthetic Dentistry and  
Biomaterials 
German Association for Conservative Dentistry
German Society of Craniomandibular Function  
and Disorders in the DGZMK
German Society of Paediatric Dentistry
German Academy of Oral and Maxillofacial Surgery
German Association of Dento-Maxillo-Facial  
Radiology (GSDOM)
German Academy of Dental Ergonomics
Group of Basic Science in Dentistry

Editors
Prof. Dr. Guido Heydecke 
Editor in Chief | DZZ International  
Chairman Department of Prosthetic Dentistry 
University Medical Center Hamburg-Eppendorf  
Martinistraße 52 | 20246 Hamburg  
Phone +49 (0) 40 7410 – 53261  
Fax +49 (0) 40 7410 – 54096  

Prof. Dr. Werner Geurtsen
Editor | DZZ International
Chairman, Department of Conservative Dentistry, 
Periodontology and Preventive Dentistry
Hannover Medical School 
Carl-Neuberg-Str. 1 | 30625 Hannover
Phone +49 (0) 511 – 5324816 
Fax +49 (0) 511 – 5324811  

Associate Editors
Prof. Nico H.J. Creugers, D.D.S., PH.D., Nijmegen/NL 
Prof. Dr. Henrik Dommisch, Berlin/GER 

Prof. Dr. Dr. Marco Rainer Kesting, Erlangen/GER 
Prof. Dr. Torsten Mundt, Greifswald/GER
Priv.-Doz. Dr. Falk Schwendicke, Berlin/GER
Univ.-Prof. Dr. med. dent. Michael Wolf, M.Sc., 
 Aachen/GER

Publisher
Deutscher Ärzteverlag GmbH
Dieselstr. 2, 50859 Köln;  
Postfach 40 02 65, 50832 Köln
Phone: +49 2234 7011-0; Fax: +49 2234 
7011-6508
www.aerzteverlag.de

Executive Board
Jürgen Führer

Director Business Division Medicine  
and Dentistry
 Katrin Groos

Product Management
Carmen Ohlendorf, Phone: +49 02234 7011-357; 
Fax: +49 2234 7011-6357;  
ohlendorf@aerzteverlag.de

Editorial Office
Irmingard Dey, Phone: +49 2234 7011-242;  
Fax: +49 2234 7011-6242; dey@aerzteverlag.de

Frequency
6 times a year 

Layout 
Linda Gehlen

Account
Deutsche Apotheker- und Ärztebank, Köln,  
Kto. 010 1107410 (BLZ 370 606 15),  
IBAN: DE 2830 0606 0101 0110 7410,
BIC: DAAEDEDD,  
Postbank Köln 192 50–506 (BLZ 370 100 50),
IBAN: DE 8337 0100 5000 1925 0506,  
BIC: PBNKDEFF

2. Volume
ISSN 2627-3489

Copyright and Right of Publication

Diese Publikation ist urheberrechtlich geschützt 
und alle Rechte sind vorbehalten. Diese Publikation 
darf daher außerhalb der Grenzen des Urheber-
rechts ohne vorherige, ausdrückliche, schriftliche 
Genehmigung des Verlages weder vervielfältigt 
noch übersetzt oder transferiert werden, sei es im 
Ganzen, in Teilen oder irgendeiner anderen Form. 
Die Wiedergabe von Warenbezeichnungen, Han-
delsnamen und sonstigen Kennzeichen in dieser 
Publikation berechtigt nicht zu der Annahme, dass 
diese frei benutzt werden dürfen. Zumeist handelt 
es sich dabei um Marken und sonstige geschützte 
Kennzeichen, auch wenn sie nicht als solche be-
zeichnet sind.

Disclaimer

Die in dieser Publikation dargestellten Inhalte die-
nen ausschließlich der allgemeinen Information 
und stellen weder Empfehlungen noch Handlungs-
anleitungen dar. Sie dürfen daher keinesfalls unge-
prüft zur Grundlage eigenständiger Behandlungen 
oder medizinischer Eingriffe gemacht werden. Der 
Benutzer ist ausdrücklich aufgefordert, selbst die in 
dieser Publikation dargestellten Inhalte zu prüfen, 
um sich in eigener Verantwortung zu versichern, 
dass diese vollständig sind sowie dem aktuellen Er-
kenntnisstand entsprechen und im Zweifel einen 
Spezialisten zu konsultieren. Verfasser und Verlag 
übernehmen keinerlei Verantwortung oder Ge-
währleistung für die Vollständigkeit, Richtigkeit 
und Aktualität der in dieser Publikation dargestell-
ten Informationen. Haftungsansprüche, die sich 
auf Schäden materieller oder ideeller Art beziehen, 
die durch die Nutzung oder Nichtnutzung der in 
dieser Publikation dargestellten Inhalte oder Teilen 
davon verursacht werden, sind ausgeschlossen, so-
fern kein nachweislich vorsätzliches oder grob fahr-
lässiges Verschulden von Verfasser und/oder Verlag 
vorliegt.

© Copyright by Deutscher Ärzteverlag GmbH, Köln


