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Objective: The purpose of this study was to evaluate 210 periapical lesions with a newly created Dental Apical
Inflammation Score/DAIS with regard to their inflammatory cell infiltration, bone tissue, epithelium, bacteria

Study design: Specimens were obtained from 51 different dental practices over a period of 11 months. These
specimens were then sent in for histopathological routine diagnostics.

Results: The DAIS classified 81 cases of Type 1 (acute inflammation = low, chronic inflammation = low), 79 cases
of Type 2 (acute inflammation = low, chronic inflammation = high), 46 cases of Type 3 (acute inflammation =
high, chronic inflammation = low) and 4 cases of Type 4 (acute inflammation = high, chronic inflammation =
high). Bone tissue was found in 141 cases, signs for bacterial osteitis in 49 cases, cyst epithelium in 40 cases and
foreign material in 27 cases. In 210 cases, cyst epithelium was evident in 27.2 % of Type 1, 15.2 % of Type 2, 8.7
% of Type 3 and in 50 % of Type 4 (p = .019). The 141 cases containing bone tissue showed signs of bacterial
osteitis in 16.1 % of Type 1, 29.8 % of Type 2, 77.8 % of Type 3 and in 100 % of Type 4 (p < .001). In 64 cases,
Bacteria was evident in 30 % of Type 1, 25 % of Type 2, 55 % of Type 3 and in 100 % of Type 4 (p = .013).

Conclusion: The DAIS could classify apical lesions with statistically significant differences. Bacterial osteitis in

apical lesions was reported for the first time.

1. Introduction

Bacterial infection and necrosis of the dental pulp can lead to apical
periodontitis, which may result in an apical granuloma or an apical cyst
[1]. Treatment is carried out through effective root canal treatment in
which the infected parts of the pulp are removed [2]. If however the
apical lesion remains, the root canal treatment is reviewed, or a root tip
resection is conducted as an apical surgical measure to prevent further
bacterial contamination of the root canal system into the periradicular
tissue [3]. Apical lesions contain various populations of acutely in-
flammatory and chronically inflammatory cells [4,5]. Histologically,
they are characterised by fibrous connective and granulation tissue,
proliferating epithelium and various inflammatory cell types [6,7]. The
dominant cell types are lymphocytes, plasma cells, macrophages and
neutrophils [8]. Radicular granulomas represent an initial reparative
process of the local inflammation, whereas a proliferation of the
epithelial cell rests of Malassez may lead to epithelial islands or a
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radicular cyst [9,10]. Within apical lesions, the incidence of apical cysts
is given as 6-55 % [11]. Regarding the pathogenesis, it is clear that the
humoural and cellular immune systems play an important role. Factors
like prostaglandin, interleukin, proteases, and proinflammatory cyto-
kines such as TNF-alpha, IL-1 and IL-6, which are secreted by inflam-
matory and mesenchymal stem cells in the cyst, can lead to skeletal
homeostasis in the form of osteoclast formation or bone resorption [5,
12]. Bacterial endotoxins also play a role in cyst growth and bone
destruction [13]. There is no scientific consensus regarding the presence
of bacteria in cysts. Although cyst fluids have been investigated for
bacteria, in some studies no bacteria could be found [13]. In other
research, however, bacteria were found in the cyst fluid or in the cysts
themselves [14,15]. Regardless of the different causal pathogeneses,
apical lesions have an inflammatory infiltration with local tissue
destruction. Although the histopathological assessment of apical gran-
uloma and radicular cysts is a widespread routine diagnostic procedure,
there is as yet no standardised diagnostic assessment procedure in the
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form of a score to assess these inflammatory infiltrations. Histopatho-
logical scores, being defined assessment methods, are generally of great
significance for the diagnosis of inflammatory and infectious diseases,
and they are also included in international diagnostic guidelines for oral
pathology [16]. One of the authors of the present paper (K.V) has
participated in the interdisciplinary development of histopathological
scores for inflammation pathology over the past 15-20 years, for
example the Synovialitis Score [17], the Consensus Classification of
peri-implant synovitis [18,19], the Histopathological Osteomyelitis
Evaluation supported Score HOES [20], the CD15 focus score [21,22],
and the Particle Algorithm for Foreign Material Deposits [23], which
were well received internationally and are recognised as diagnostic
standards in histopathological diagnosis [24]. The HOES was used in
this work in order to analyse bone fragments for signs of bacterial
infection. Tiemann et al. have shown that the HOES had a correlation of
68 % between preoperative diagnosis and histological analysis [20]. The
reproducibility and applicability of the HOES score to osteomyelitis was
and clinically confirmed by Stupina et al. [25].

2. Objective and score structure

A semi-quantitative, staged histopathological score with dual
assessment mode, the Dental Apical Inflammation Score (DAIS), was
developed that classifies inflammatory infiltration and has the following
characteristics:

1 Semi-quantification (low grade versus high grade) of acute
granulocyte-rich (acute) and chronic mononuclear inflammatory
infiltration (chronic).

2 Assessment of the bone tissue and specification of osteitis using the
Histopathological Osteomyelitis Evaluation Score (HOES) of Tie-
mann et al. 2014 [20].

3 Detection and characterisation of foreign material deposits.

4 Cyst epithelium detection

3. Patients and methods
3.1. Patients

All study procedures followed the tenets of the Declaration of Hel-
sinki. The patients’ age (female = 95, male = 115) had an arithmetic
mean of 50.6 years (standard deviation: 16.7). The study was carried out
in accordance with the ethical guidelines and regulations and had been
approved by the Ethics Committee of the Medical Association of
Rhineland-Palatinate; Mainz, Germany [Case Number: 2019-14637].

3.2. Clinical data

During the time from January to November 2019, 210 human tissue
samples of apical lesions of three different German federal states from 57
different medical dental practices had been analysed. All tissue samples
were taken from patients undergoing therapeutic interventions and the
resected tissues had been submitted for histopathologic routine di-
agnostics. The clinical investigations included the issue of a radicular
cyst in 173 cases, apical granuloma or apical periodontitis in 22 cases,
and in 15 cases there was no specific issue. Data regarding possible
dental pretreatments were not available.

3.3. Histopathological processing of the tissue samples

The macroscopic gross examination, tissue sampling, the processing
of the samples including tissue sample paraffin-processing, decalcifying
procedures, histochemical methods, and diagnostic histopathological
classification had been performed in automatic and semi-automatic
systems under a certified and accredited framework (quality standard
according to DIN: DIN EN ISO/IEC 17020:2012, registry number: D-IS-
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21311-01-00).
3.4. Gross examination of tissue samples

Soft tissue and osseous tissue: after fixing in buffered formalin (4%)
for at least 24 h, tissue samples with a size up to 20 x 120 x 10 mm
where completely embedded. In cases of tooth adhering cysts, bone
tissue or soft tissue or the adhering soft tissue was removed; tooth tissue
itself was not further processed but described and documented.

3.5. Decalcification

The decalcification was carried out by means of acid (7,5 % hydro-
chloric acid). The ratio of decalcification liquid volume to tissue sample
volume was about 1:20. The reaction temperature was room tempera-
ture over an incubation time of about 1-3 h. The consistency of the
samples had been checked after 1-3 h in order to prove the applicability
for further cutting procedures in the microtome.

3.6. Histopathology and tissue staining

The microtomised tissue sections (two microtomised sections per
case) with a section thickness of 1-3 pm were stained with haematoxylin
and eosin (HE) staining, modified Giemsa staining and Grocott staining
in a fully automated system (Leica- PELORIS® or SACURA-VIP-6 -AI®)
with a barcode-tracking system (Roche, VANTAGE workflow solu-
tion®). These systems are closed and pressure / vacuum-based systems
with very low emissions thereby ensuring especially high-quality results
and high consistency as well reproducibility of the staining results. Oil
Red O staining and Gram staining were performed manually by hand.
This special staining had been carried out after evaluating the HE
stained slides, especially in cases with bacterial colonisation and in cases
with material deposits, thereby defining bacterial infections and mate-
rial deposits.

4. Structure of the Dental Apical Inflammation Score
4.1. General scoring principles

For the detection of score features in the conventionally stained HE
slides, objective magnification of 20 x (area size about: 1.3 gqmm) and 40
X (area size about: 0.65 gqmm) were used. Polarisation analysis was used
for the typing of bone tissue (lamellar and non-lamellar bone) and for
particle definition. The histopathological diagnosis and further evalua-
tion were carried out by a pathologist specialising in inflammatory pa-
thology (KV) and was independently verified by a student of dental
medicine who holds a bachelor’s degree in biotechnology (KS).

5. DAIS scoring definitions and DAIS score structure

5.1. Quantitative definition: confluent (high) versus non-confluent (low)
pattern

In the overview enlargement (HE staining, final magnification
around 100 x), a dual assessment was made to determine whether a
confluent, dense infiltration pattern (high grade) or a non-confluent,
non-dense infiltration pattern (low grade) was present. Confluent
means that the leukocytes are arranged closely side by side (Fig. 1a).
Non-confluent means that the leukocytes are not arranged side-by-side
but are separated by connective tissue (Fig. 1b-d).

5.2. Qualitative definitions: acute and chronic inflammation
The characterisation of the infiltrate cells was likewise conducted

with a dual categorisation format with a stronger magnification (final
magnification around 400 x). “Acute inflammation” was defined by
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segmented neutrophils. “Chronic inflammation” was characterised by a
mononuclear cell population consisting of lymphocytes, macrophages,
histiocytes and plasma cells. The standard HE staining enables this
discrimination, and so no further special stains were necessary.

6. DAIS types (DAIS 1 to DAIS 4)

4 combinations of tissue with inflammation infiltration were defined
according to infiltrate quality and infiltrate quantity. DAIS 1 (acute
inflammation = low, chronic inflammation = low), DAIS 2 (acute
inflammation = low, chronic inflammation = high), DAIS 3 (acute
inflammation = high, chronic inflammation = low) and DAIS 4 (acute
inflammation = high, chronic inflammation = high). These different
DAIS Types 1-4 are presented in Fig. la-d; the minimum infiltration
density of the infiltration pattern was evident for DAIS 1 (Fig. 1a) and
the maximum infiltration density for DAIS 4 (Fig. 1d)

6.1. Histopathological bacteria detection

The detection of bacteria was carried out at a final magnification of
around 200 x to 400 x with HE staining, modified Giemsa staining, Gram
staining and Grocott staining. The types included cocci, bacilli, vibrio
and spirilla. These bacteria were arranged in variably large bacterial
intra- and extra-cytoplasmic aggregates as well as in colonies (e.g.:
Actinomyces israelii). The assessment did not distinguish between these
bacterial arrangements.

6.2. Bacteria localisation in relation to different tissue types

The relation of the bacteria to tissue components was analysed. This
included the relation of the bacteria to fibrous tissue, necrotic tissue as
well as bone tissue with inflammatory infiltration. Epithelial compo-
nents were not considered. 20 cases selected at random from the col-
lective of all DAIS types (DAIS 1, 2, 3 and 4) were analysed; only 4 cases
were available for DAIS 4. 12 cases with granulocyte-rich osteitis were
additionally analysed for bacterial colonisation of bone fragments.
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Fig. 1. Representation of the DAIS Types 1
to 4.

A, DAIS 1 (acute inflammation = low, chronic
inflammation = low). B, DAIS 2 (acute
inflammation = low, chronic inflammation =
high). C, DAIS 3 (acute inflammation = high,
chronic inflammation = low). D, DAIS 4 (acute
inflammation = high, chronic inflammation =
high). The lowest infiltrate density is found
with DAIS 1 (A) the greatest infiltrate density is
found with DAIS 4 (D) (HE staining, original
magnification: around 400 x).

6.3. Osteitis definition

The evaluation of osteitis had been carried out according to the
HOES. The HOES is a descriptive evaluation which provides information
with respect to a bacterial infection and its activity in the bone tissue.
The HOES was initially developed for skeletal bone tissue and was
adapted for peri-apical bone tissue [20].

6.4. Particle material characterisation

The descriptive particle characterisation followed the particle algo-
rithm of Krenn et al. that was developed for endoprosthesis materials
and particle deposits in joint diseases and is used in routine diagnostic
procedures. [23,26]. This principle was transferred to the peri-apical
tissue. All particle categories were consequently described according
to their size, shape, colour, and properties observed with conventional
light microscopy with or without polarised light and by means of Oil Red
O staining. The particle size ranges were determined using
computer-aided interactive morphometric analysis, Leica DM 2005,
microsystems framework 2007 using a similar computer-aided system,
Zeiss Axioskop 40, Jenoptik ProgRes microscope camera. The systems
were calibrated using a standard micrometre glass slide with 1 mm
horizontal scale, 100 divisions —10 pm intervals (Perino et al. 2017).

7. Statistical analysis

The distribution of the epithelisation between the four independent
DIAS groups was examined by using the Chi-squared test. Fisher’s exact
test (two-tailed) was conducted due to the small sample size in group
DAIS 4. Analyses were identical for bone fragments. Effect sizes were
reported as Cramers V. As the data did not meet the criteria for an
analysis of variance (ANOVA), a Kruskal-Wallis test was performed to
examine the difference in sample size and the age of the patients across
the four DAIS groups. An alpha level of a = 0.05 was used for all tests of
statistical significance. All data were processed using statistical analysis
software (IMB SPSS-Statistics 22).
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8. Results
8.1. Patients

210 tissue samples of apical lesions from 115 male and 95 female
patients were analysed; these originated from 51 dental clinics in the
federal states of Lower Saxony, Saarland and Rhineland-Palatinate. The
arithmetic mean of the patients’ ages was 50.6 years (standard devia-
tion: 16.7). 122 (58 %) of the samples were from the upper jaw, 88 (42
%) from the lower jaw. In all cases, only various inflammation processes,
but no malignant tumours, were diagnosed. The distribution of the
sample size of the patients within the DAIS types was determined using
the Kruskal-Wallis test. A Kruskal-Wallis test showed no statistically
significant difference between the four DAIS groups (X2(3) =05.382,p=
.146). The distribution of the patients’ ages within the DAIS types was
examined by means of the Kruskal-Wallis test. A Kruskal-Wallis test
showed no statistically significant difference between the four DAIS
groups (XZ(B) = 3.414, p = .332).

8.2. DAIS

After assessment by means of the DAIS score, 81 (38.6 %) cases were
classified as Type 1, 79 (37.6 %) cases as Type 2, 46 (21.9 %) cases as
Type 3 and 4 (1.9 %) cases as Type 4 (Figs. 1 and 2). No cases were
observed that presented no inflammatory infiltration, exclusively low
chronic inflammation, or exclusively low acute inflammation.

8.3. Epithelium detection

Of the 210 samples, epithelium was diagnosed in 40 cases (19 %).
Epithelium was observed in 27.2 % of Class 1, 15.2 % of Class 2, 8.7 % of
Class 3 and 50 % of Class 4. X2(3) =9,799, p = .016, V = .217 Fisher’s
exact test. The distribution was significant, with a small to medium ef-
fect size.

8.4. Bone components and bacterial osteitis

According to the HOES classification, it was possible to distinguish
between bone tissue with signs of a bacterial infection and bone tissue
with signs of chronic, exclusively inflammatory bone remodelling (new
formation of woven bone). Of the 210 samples, bone particles were
observed in 141 cases (67.1 %), and 48 samples (22.9 %) presented
histopathological indications ofbacterial osteitis. Of the 141 samples
that contained bone, indications of bacterial osteitis were found in 16.1
% of Type 1, 29.8 % of Type 2, 77.8 % of Type 3 and 100 % of Type 4.

XZ(S) = 32,273, p < .001, V = .487 Fisher’s exact test. The distri-
bution was significant, with a medium to large effect size. The distri-
bution of bone fragments among the DAIS types was almost random.

Incidence of DAIS types
82

79

Cases

EDAIS1 MDAIS2 EDAIS3 MDAIS4

Fig. 2. Quantitative distribution of DAIS Types 1 to 4 in the investigated
collective (n=210).

Pathology - Research and Practice 216 (2020) 153223

8.5. Bacteria detection

For DAIS 1, bacteria were detected in 6 of 20 cases (30 %), for DAIS 2
in 5 of 20 cases (25 %), for DAIS 3 in 11 of 20 cases (55 %) and for DAIS 4
in 4 of 4 cases (100 %). X2(3) =9,924, p =.013, V = .405 Fisher’s exact
test. The distribution was significant, with a medium to large effect size.
The bacterial detection contained extracellular bacterial aggregates,
bacteria colonies (Fig. 3a), as well as intracellular/intracytoplasmic
localised bacteria in segmented neutrophils and macrophages (Figs. 3b
and 4 b). The bacteria colonies and Actinomyces israelii (Fig. 3c) were
deposited on the tissue with the inflammation infiltration.

8.6. Bacteria localisation for different tissue types

All detected forms, intracellular/intracytoplasmic localisation in
segmented neutrophils and macrophages, and extracellular bacterial
aggregates in the form of so-called bacteria colonies were partly
observed on necrotic tissue sections and also on tissue with inflamma-
tory infiltration in DAIS 1 to DAIS 4 (Figs. 3a, b, 4 b). It was not possible
to differentiate unambiguously between natural tissue surface and tissue
fragmentation resulting from removal. 12 cases with pronounced
granulocyte-rich osteomyelitis (Fig. 4a) were analysed. In 4 cases, bac-
teria were found in segmented neutrophils and macrophages on the
cancellous bone (Fig. 4b).

8.7. Foreign material deposits characterisation according to the particle
algorithm

In 27 cases (12.9 %), foreign material deposits with uniform
morphology were observed. The foreign material deposits were char-
acterised with the aid of the particle algorithm. They were grey-black,
Oil Red O-negative particle conglomerates (diameter: around 70-140
pm) consisting of: 1) oval and rectangular, very light micro-particles
with dark edges (diameter = 10 pm); 2) Adjacent black micro-
particles (diameter > 1 pm); 3) oval, exclusively peripheral Oil Red O-
positive vacuoles (diameter =50 pm) corresponding to partially dis-
solved materials. The oval and rectangular particles that are light in
colour with dark edges presented an intense birefringence under
polarised light. The adjacent black-coloured micro-particles presented a
weak homogenous birefringence under polarised light (Fig. 5a, b), and
the oval, peripheral Oil Red O-positive vacuoles showed no polarisation
birefringence (Fig. 5b). In all 27 cases with foreign material deposits,
there were no perifocal histocyte, macrophage infiltrates or foreign body
giant cell reactions in the area of the particle deposits. The particle de-
posits were found in the fibrous, fibroblast- and fibrocyte-rich tissue and
showed no or minimal perifocal lymphocyte inflammation infiltration
(Fig. 5¢).

8.8. Sinus mucous membrane

In 8 cases, sinus mucous membrane was found. This represented 6.5
% of the upper jaw samples (n = 122). They showed inflammation
changes consistent with chronic sinusitis. An increased content of eo-
sinophils indicating a so-called allergic sinusitis was not observed
Table 1.

9. Discussion
9.1. Apical inflammation processes and bony participation

Apical lesions arise from an infection of the dental pulp. Epithelium
remains at the root can proliferate due to the bacterial inflammatory
stimulus and result in a radicular cyst. The samples came from 51 dental
clinics in three federal German states and were processed in a period of
11 months at a pathology centre that is active across Germany. No
samples were rejected. The study can therefore be considered to be
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randomised in terms of its selection of patients.

The incidence of cysts was described here as 27.2 %. The incidence of
apical cysts described to date has varied strongly between 6 and 55 %
[11,15]. The large variance was ascribed to differences in the patient
selection and sample sections. In this study, two microtome sections
were investigated based on histopathological routine diagnostics, and
only fully developed cyst epithelium was considered. The incidence of
foreign bodies in the apical lesions was described here as 12.9 %. For
comparison, incidences between 0.4 and 31 % have been described, and
have been ascribed to sealers, gutta-percha or other root filling materials
[27-30]. The observed foreign material deposits presented no bounding
by macrophages or by foreign body giant cells and were non-reactively
embedded in fibrous tissue (Fig. 5c). Similar observations have already
been described by Love and Firth 2009 [29]. Overall, this observation
was interpreted as indicating a high biocompatibility of the endodontic
filling materials even in the case of extradental locations.

Furthermore, bone fragments were found in 141 (67.1 %) samples.
To date, bone fragments have only been mentioned or described by
Stockdale in 8 of 1018 cases [4,28]. In some studies on the incidence of
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Fig. 3. Histopathological bacteria detection.
A, large extracytoplasmic aggregate with
various forms of bacteria (cocci, bacilli and
vibrio) with varied Gram staining (Gram-posi-
tive, Gram-indeterminate and Gram-negative).
B, an intracytoplasmic, small aggregate in a
macrophage in the form of Gram-positive cocci,
and bacilli. C, Grocott-positive extrac-
ytoplasmic Actinomyces israelii colonies. D, HE-
positive  extracytoplasmic aggregates of
various bacterial forms (cocci, bacilli and vib-
rio). The bacteria were observable in variably
large bacterial-extracytoplasmic aggregates (A
and D), intracytoplasmic in small aggregates
(B) and in large colonies in case of Actinomyces
israelii (C). (Original magnification: A and B
around 200x, C and D around 400 x).

Fig. 4. Osteitis and close spatial relation of
L bacteria.
“ A, Granulocyte-rich osteitis of a bone fragment
(HOES: indication of acute osteitis) with
layered fibrin precipitates, neutrophils, irreg-
ular bone surface and individual optically
empty osteocyte lacunae indicating osteocyte
apoptosis (HE staining; original magnification
around 200 x). B, Direct spatial relation of
intracellular Gram-positive bacteria localised in
macrophages and also extracellular bacteria to
bone tissue (in bottom right of image). (Gram-
staining; original magnification around 400 x).

apical lesions, bone fragments were not described. [11,15,27,29]. A
possible explanation was a long demineralisation period of up to several
weeks resulting in bone fragments dissolving. For example, in Ricucci
et al. the demineralisation period was 3-4 weeks, and in Ramachandran
et al. 1996 “several weeks”. Lamgeland, Stockdale, Chen, and Love do
not provide any information in this regard [11,15,27,29]. In compari-
son, the demineralisation period in this study was at most 3 h.
Differences in the number and relation of acute and chronic
inflammation have already been described numerous times [11,27,29,
31]. However, what was lacking was a standardised diagnostic assess-
ment according to a defined score for the histopathological diagnosis.
For the quantification of the inflammation a semi-quantification (low
grade versus high grade) was selected, as it appeared meaningful and
was feasible for routine diagnostic assessments. This allowed inflam-
matory radicular lesions to be categorised into 4 groups according to
their histopathological inflammatory infiltration pattern. 81 cases were
assigned to Type 1 (acute inflammation = low, chronic inflammation =
low), 79 cases into Type 2 (acute inflammation = low, chronic inflam-
mation = high), 46 cases into Type 3 (acute inflammation = high,
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Table 1
Differences of DAIS Types regarding Incidence, Epithelium, Osteitis and
Bacteria.

DAIS 1 DAIS 2 DAIS 3 DAIS 4
(acute (acute (acute (acute
inflammation inflammation inflammation inflammation
= low, = low, = high, = high,
chronic chronic chronic chronic
inflammation inflammation inflammation inflammation
= low) = high) = low) = high)
Incidence’ 38.6 % 37.6 % 21.9 % 1.9%
Epithelium!  27.2 % 15.2 % 8.7 % 50 %
Osteitis? 16.1 % 29.8 % 77.8 % 100 %
Bacteria® 30 % 25 % 55 % 100 %

1) based on 210 samples; 2) based on 141 samples containing bone tissue; 3)
based on 64 samples.

chronic inflammation = low) and 4 cases into Type 4 (acute inflam-
mation = high, chronic inflammation = high). Regarding the age and
the sample size, no statistically significant relations to the DAIS types
could be observed. This allowed the conclusion to be drawn that the
DAIS types did not represent different stages of development related to
the size of the cyst or the age of the patient. However, as only 4 cases
were assigned to DAIS Type 4, statistical testing was difficult.
Epithelium was found in DAIS 1 in 27.2 %, in DAIS 2 in 15.2 %, in
DAIS 3 in 8.7 % and in DAIS 4 in 50 % of the samples (p = .016 Fisher’s
exact test). When limiting the observation to DAIS types 1, 2 and 3, it can
be stated that either a low acute or a low chronic inflammation favoured
cyst epithelium, while cyst epithelium was rarer in the case of a high
acute or high chronic inflammation. This conforms to the existing
literature [10,32]. However, when a high acute and high chronic
inflammation was present in DAIS 4, this resulted in the greatest
observed frequency of cyst epithelium. DAIS Type 4 had to be consid-
ered separately from the other types with regard to this property.
Bone fragments were analysed with HOES for indications of a bac-
terial infection. In this study, only bone fragments that were embedded
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Fig. 5. Foreign material deposits and in-
flammatory reactions.

A, Aggregated extracellular foreign material
deposits as grey-black, Oil Red O-negative par-
ticle conglomerates (diameter: around 70 to
140 pm) consisting of: 1) oval and rectangular,
very light micro-particles with dark edges
(diameter = 10 pm); 2) Adjacent black micro-
particles (diameter > 1pm) and 3) oval,
exclusively peripheral Oil Red O-positive vac-
uoles (diameter = 50pm). B, the oval and
rectangular particles that are light in colour
with dark edges presented an intense birefrin-
gence under polarised light. The adjacent black
micro-particles presented a weak, homogenous
birefringence under polarised light, while the
oval, peripheral Oil Red O-positive vacuoles
showed no polarisation birefringence (Oil Red
O stain and polarised light analysis, original
magnification around 400 x). C, the particle
deposits were evident in the fibrous, fibroblast-
and fibrocyte-rich tissue and showed no or
minimal perifocal lymphocyte inflammatory
reactions with infiltration of individual plasma
cells (HE staining, original magnification
around 400 x).

in the inflammatory infiltrate were investigated. For this reason, there
was no participation of the bone marrow and it made sense to report on
bacterial osteitis instead of osteomyelitis. As bone fragments were pre-
conditions for the diagnosis of bacterial osteitis, only the 141 samples
with bone fragments were used to draw conclusions about bacterial
osteitis. Osteitis was found in DAIS 1 in 16.1 %, in DAIS 2 in 29.8 %, in
DAIS 3 in 77.8 % and in DAIS 4 in 100 % of the samples (p < .001,
Fisher’s exact test). We could therefore conclude that for DAIS 3 and
DAIS 4 a bacterial osteitis was highly likely and that both high acute
infiltration and high chronic infiltration favoured osteitis. But the acute
cell infiltrate was by far the greater factor. This was confirmed by the
comparison of DAIS 2 (chronic high-grade; acute low-grade) with 29.8
% osteitis and DAIS 3 (chronic low-grade; acute high-grade) with 77.8 %
osteitis. All conclusions regarding DAIS Type 4 were merely indicative,
as this group only contained 1 sample with bone fragments. A sup-
porting microbial confirmation of the osteitis diagnosis was not subse-
quently possible with histological samples.

To investigate the distribution of bacteria within the DAIS types,
Gram, Giemsa and Grocott staining were used to investigate 20 samples
each from DAIS 1, 2, 3 as well as 4 samples from DAIS 4 for bacteria.
Bacteria were found in DAIS 1 in 30 %, in DAIS 2 in 25 %, in DAIS 3in 55
% and in DAIS 4 in 100 % of the investigated samples (p = .013 Fisher’s
exact test). In all, bacteria were therefore found in 26 of 64 cases (40.6
%). For comparison, Ricucci et al. 2006 found bacteria in 18 of 50 cases
(36 %) in apical lesions in necrotic areas with Brown and Brenn staining
[15]. The greatest share of bacteria was found in DAIS Type 3 and 4. In
comparison, the share in DAIS Types 1 and 2 was significantly lower.
This confirmed previous conclusions that a bacterial infection was
highly likely in DAIS Types 3 and 4. Histopathologically, DAIS 3 and 4
were characterised by a dense, confluent infiltration pattern of neutro-
phils (acute high-grade). This infiltration pattern corresponded to the
histopathological bacterial infection criteria of joint infections. Illigner
et al. found a 93.3 % correlation between histopathological indications
of a bacterial infection and its microbiological confirmation [33]. The
histopathological properties of the infiltrate, the confirmation of
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bacteria, and the assessment of the bone particles according to HOES
indicated that for DAIS 3 and DAIS 4 a bacterial infection in the peri-
apical, fibrous tissue was highly likely.

To confirm bacterial colonisation of bone fragments, 12 cases with
granulocyte-rich bacterial osteitis were analysed under the microscope.
In 4 of the 12 cases bacteria in segmented neutrophils and macrophages
as well as extracellular bacteria aggregates (Fig. 4b) could be located in
the vicinity of bone tissue fragments. The low proportion of bacteria on
bone particles compared to the surrounding tissue was mainly explained
by the fact that the samples mostly only contained few bone fragments.
The existing surface area for detection was therefore significantly
smaller. The preparation of the samples, the sample sectioning and the
resolution limits of an optical microscope were limiting factors for the
detection of bacteria. In addition, it was assumed that in some cases the
removal procedure had dissolved and thus disrupted the continuity of
fibrous and bony tissue. But as a spatial relation between inflammation
infiltrate in bone tissue and bacteria could be found in some of the cases,
these data suggested a bacterially induced osteomyelitis.

As a next step the DAIS should be implemented into clinical situa-
tions. As DAIS 3 and 4 indicate bone destruction with bacterial infection,
antibiotic therapy after the extraction of the tooth might be of use to
support wound healing and bone regeneration. Regarding implantation
into those extraction sites the DAIS could be of use to determine time
between extraction of the tooth and implantation as well as the risk for
further infections. As residual infection at extraction sites due to pre-
vious apical periodontitis is considered to be a factor for peri-implantitis
[34,35]. Extraction sites with DAIS 1 and 2 should be considered low
risk whereas extraction sites with DAIS 3 and 4 should be considered
high risk.

A general restriction was the fact that the infection diagnosis used
here was a histopathological and therefore descriptive diagnostic tool
and that direct pathogen detection, for instance through molecular PCR
or MALDI techniques or microbiological methods with germ cell speci-
fication or resistance testing, could not be applied. However, the sig-
nificance of these detection methods was greatly reduced by the specific
localisation, with its likelihood of contamination through the oral flora;
this in turn increased the significance of the histopathological, direct
bacterial detection.

10. Conclusion

DAIS provides the possibility to determine periapical inflammations
quantitatively and qualitatively, as well as to determine their causes,
using a simple standard staining. DAIS 1-4 show statistically significant
differences regarding epithelium, bacterial osteitis and bacterial infil-
tration. The score could be of clinical use to help determine wound
healing, and the risk for further infections.

11. Recommendation for the DAIS reporting

For reasons of practicability and simplified representation of the
histopathological routine diagnosis in dental medicine, the following
method is suggested:

DAIS classification (DAIS 1-4)

Assessment of the bone tissue with HOES

Statement on epithelial components

If particles detected: descriptive characterisation of the particulate
material
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