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Abstract: The histological processing of teeth is highly complicated because of containing both mineralized hard tissues
and soft tissues. Depending on the type of decalcification agents used in processing, mild-to-severe deterioration
in the tissue structure and inadequacies on clear staining of details by the histological stain may be observed. This
study aims to compare the histological staining differences in the preparations from decalcified and undecalcified
tooth roots by three different embedding materials and techniques. Following extraction, human single-rooted
teeth crowns were cut off and roots were placed in 10% buffered neutral formalin. After fixation, roots were
divided into two groups. One part of samples was decalcified in formic acid solution and the other was remained
undecalcified. Decalcified roots were embedded in paraffin and glycol methacrylate (GMA)-based resin and
undecalcified roots were embedded in methyl methacrylate (MMA)-based resin. Sections from all groups were
stained with hematoxylin and eosin. The groups were compared in terms of general staining, brightness, density,
density of the base stain, general morphology of cells, nuclear/cytoplasmic contrast, distinguishability of pulp,
odontoblast layer, predentin and dentin, preservation and traceability of dentinal tubule. In the preparations
which were embedded into the MMA-based embedding material, an output lower than the paraffin group but
higher than the GMA-embedded group was provided. As a result, the best histological detail was obtained from
the decalcified, paraffin-embedded sections. (Folia Histochemica et Cytobiologica 2013, Vol. 51, No. 4, 286-291)
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Introduction histological studies of these tissues. A common method
to obtain sections from hard tissues to obtain histo-

Human teeth and bones consist of hard and soft logical sections is to soften them by demineralisation.

tissues. The mineralised tissue with the most calcium ~However, acid-containing substances used for tissue
content in the human body is tooth enamel with decalcification and the time elapsed for the performing
aratio of 96-98% [1, 2], followed by the dentin layer of this procedure may negatively affect thf: histologigal
tooth with 70% [3, 4], while the mineralisation ratio of ~Structure. Depending on the type of acid used, mild
cementum is close to that of the bone and is 50% [5]. “to-severe deterioration of the tissue structure and

Samples used in tooth and bone studies are very inadequate visualisation of details by the histological
difficult for good preparation to further analyses as ~Stalning may be obsprved. For example, enamel,
they contain high levels of mineralised hard tissues @ tissue with very high calcium content, becomes
and soft tissues such as dental pulp and bone marrow. almost completely lost during the decalcification pro-

Therefore, well-customised methods are required for cedure. Nevertheless, the techniques developed have
minimised the negative effects of long-term fixation

[6] and decalcification on the results of the histological
and immunohistochemical staining of hard tissues

Sciences, Department of Histology and Embryology, Faculty [7, 8]. However, there is a constant demand on the

of Dentistry, Istanbul University, Capa, Istanbul, Turkey development of better te'chniq'ues. to perform QUiCk’
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tures [9]. Research on the improvement of bones and
teeth processing techniques has been continuing [10].

Given the fact that calcified areas may be seen even
in the dental pulp from time to time, the reliability
of the histological and pathological diagnoses upon
the decalcified and paraffin-embedded tooth sections
will always be controversial. Currently, it is possible
to make histological preparations from undecalcified
teeth by the use of specific methods and tools, which
are, however, more expensive and difficult from
classical histological techniques. These relatively new
preparation techniques of hard tissues provide some
important advantages, unfortunately, they require
laboratories with highly specialized equipment,
qualified personnel, advanced facilities and safety
standards and they are also very demanding [11, 12].
Therefore, these techniques cannot be easily accessed
and performed by most of the researchers in this field.
Moreover, as they are primarily developed by aiming
at the preservation of bone tissue, these techniques
may not be eligible for the preservation of the teeth,
which contain harder tissues than the bone.

Paraffin is the standard embedding medium for
more specific methods such as enzyme and immu-
nohistochemistry in the hard tissues but it can be
used only in the demineralised tissues and does not
produce good results in trabecular structures [13]. It
has been argued that paraffin, used as an embedding
material for demineralised tooth histology, is the best
method to analyse the histological structure of the
tooth [14] due to its low price, ease of use and the
flexibility of staining procedures to be applied on the
paraffin-embedded tissues [15]. Nevertheless, paraffin
is not hard enough for the processing of undecalcified
tooth and bone. For such structures, hard embed-
ding materials such as glycol methacrylate (GMA;
(2-hydroxyethyl)-methacrylate, [HEMA]) or methyl
methacrylate (MMA) are required [15]. Although
using GMA-based embedding medium for soft tissues
is thought to provide a better morphological analysis
as it prevents some technical artefacts observed in
paraffin-embedded sections, it has been reported that
staining may be poor in resin sections [16].

The aim of this study was to compare the quality
of routine staining with hematoxylin and eosin (H&E)
after embedding decalcified tooth roots into paraffin
and GMA-based embedding material, and undecalci-
fied hard tooth roots into a MMA-based embedding
material, polymerised at —20°C.

Material and methods

The study protocol was approved by Istanbul University
Istanbul Medical Faculty Ethical Committee (2008-3006).
In this study, single-rooted non-decayed teeth extracted
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for prosthetic, orthodontic or surgical indications were
used. Since the dental enamel will completely dissolve and
lost in the decalcified group, not allowing comparison with
undecalcified enamel, the crown parts of the tooth were
not used. After crowns of total 40 permanent teeth from
20 female and 20 male patients between 18-50 years old were
resected, roots were fixed in 10% buffered neutral formalin.
Roots at an equal number from female and male patients
were divided into two groups (10 female and 10 male teeth
in each group). The roots in one group were decalcified in
8% formic acid solutions, which were replaced every day
for 1 to 2 weeks, with the endpoint being determined ra-
diographically. Following the completion of decalcification,
1/3 apical part of each root were extracted and excluded
from the study. The remaining part of the roots were divided
in two transversely and from the middle, and then blocked
by embedding into paraffin and a GMA-based embedding
material. The roots in the other group were blocked by
directly embedding into a MMA-based embedding material
without prior decalcification.

Paraffin embedding procedure. After the decalcification
procedure was completed, the tissues were washed in
distilled water, changed for 5-6 times in order to remove
the acid solution. The washed tissues were transferred into
the series of alcohol at increasing ratios for dehydration
procedure. Following dehydration, clearing procedure was
performed on the tissues by holding in xylene solution. The
tissues cleared with xylene were transferred into soft paraffin
(melting point 46-48°C) and hard paraffin (melting point
56-58°C) baths respectively. Then, they were blocked by
embedding into hard paraffin.

Sections of 7 um thickness were taken from the blocked
tissues by rotary microtome (Leitz, Wetzlar, Germany) and
H&E staining was performed. After the H&E staining, the
sections were dehydrated and coverslipped using mounting
media (Entellan Neu, Merck, Darmstadt, Germany).

Embedding procedure with GMA-based embedding ma-
terial. After the decalcification procedure, the tissues
washed with water were transferred into the series of alco-
hol at increasing ratios for dehydration procedure. As the
GMA-based embedding material used (7022-18 500 Leica
Historesin Embedding Kit, Heidelberg, Germany) contained
6-8% water, absolute alcohol was not applied at the end of
the dehydration procedure. The tissues were hold at the
refrigerator for 24 hours, inside an infiltration solution pre-
pared by mixing basic resin and activator (50 mL liquid basic
resin + 0.5 g activator powder) in a magnetic mixer. After
the infiltration was completed, tooth roots were embedded
into the embedding medium prepared (15 mL infiltration
solution + 1 mL hardener). Polymerisation of the parts was
conducted within 1-2 hours at room temperature. Sections
of 7 um thickness were taken from each of the polymerised
tissues by automatic microtome (Leica SM 2500, Leica,
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Table 1. Results from light microscopic assessment of tooth root preparations embedded into paraffin, glycol methacrylate
(GMA)- and methyl methacrylate (MMA)-based embedding materials and stained with hematoxylin and eosin (H&E)

Scale Embedding material
Parafin GMA MMA
H&E -n (%) 0 (0) 16 (80) 15 (75)
+n (%) 10 (50) 4 (20) 3(15)
++ n (%) 6 (30) 0(0) 2 (10)
+++ n (%) 4 (20) 0(0) 0(0)

Scoring system: — negative (unacceptable); + average (acceptable); ++ good; +++ optimal

Germany). These sections were transferred onto slides from
the distilled water bath and dried.

The tissues on the slides were taken into the series
of alcohol in turn at decreasing ratios for redehydration
procedure. Sections hold in each alcohol solution for 5-10
minutes were finally transferred into distilled water (5-10
minutes). Then, the tissue sections were stained with H&E.
After the staining procedure, the sections were dehydrated
and coverslipped using mounting media (Entellan Neu).

Embedding procedure with MMA-based embedding
material. For mineralised (undecalcified) tooth roots,
a highly hard MMA-based embedding material (Technovit
9100 New; Heraeus Kulzer GmbH, Wehrheim, Germany)
was used.

After the fixation procedure, the washed tissues were
transferred into the series of alcohol at increasing ratios for
dehydration procedure. After dehydration, the tissues were
hold in a solution prepared for the preinfiltration procedure
(200 mL basic solution + 1 g hardener 1) at room tempe-
rature for 2 hours. After the preinfiltration was completed,
the tissues were hold in infiltration solution (250 mL basic
solution + powder 20 g + 1 g hardener 1) at +4 °C for 24
hours. The tissues were covered with a mixture prepared for
polymerisation (9 volumes of stock solution A [80 g powder
+ 400 mL stabilised basic solution + 4 g hardener 1] + 1
volume of stock solution B [4 mL hardener 2 + 30 mL sta-
bilised basic solution + 2 mL regulator]) and hold at+4°C
or 10 minutes. Then, the blocks were placed as closed in the
freezer at —20°C for 24 hours.

Sections of 7 um thickness were taken from each of the
polymerised tissues by automatic microtome (Leica SM
2500, Leica, Germany). For deplastication, the sections were
taken into xylene (2 X 20 minutes), 2-MEA (2-methoxy-
ethylacetate) (3 X 30 minutes), acetone (2 X 10 minutes)
and distilled water (2 X 5 minutes) solutions, respectively,
before the staining. After removal of the resin, H&E staining
was performed.

Light microscopic assessment. 10 sections from each one
of the 20 blocks in each three groups (total 600 sections)
were analysed. The criteria used for the assessments were:
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— General staining, brightness, density, density of the base
stain,

— General morphology of cells, nuclear/cytoplasmic con-
trast,

— Distinguishability of pulp, odontoblast layer, predentin
and dentin,

— Preservation and traceability of dentinal tubules.
Rating was performed semi-quantitatively according

to these criteria, using a 4-degree scale: —negative (unac-

ceptable); +average (acceptable); ++good; + + +optimal.

Statistical analyses. Pearson chi-square test was applied
to the data obtained and statistical significance margin was
accepted as p value < 0.05.

Results

Numerical data from the assessments performed are
provided in Table 1. The best result in terms of the as-
sessment criteria— general staining, brightness, density,
density of the base stain, general morphology of cells,
nuclear/cytoplasmic contrast, distinguishability of pulp,
odontoblast layer, predentin and dentin, preservation and
traceability of dentinal tubule — was observed with the
preparations which were decalcified in formic acid, em-
bedded into paraffin and stained with H&E (Figure 1).

The poorest results according to the assessment
criteria were observed with the decalcified teeth
preparations embedded into GMA-based resin and
stained with H&E. The staining characteristics were
found to be highly insufficient and most of them did
not allow distinguishing morphological details in this
group of histological preparations (Figure 2).

In the preparations which were directly embedded
into the MMA-based embedding material without
decalcification and stained with H&E, the quality of
revealed morphology of tooth tissues was lower than
in the paraffin-embedded decalcified sections but
higher than in the decalcified GMA-embedded teeth.
However, in the sections of calcified MMA-based em-
bedded teeth we observed low contrast in the staining
of cell nuclei and cytoplasm; some morphological
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Figure 1. Tooth root decalcified in formic acid, embedded
in paraffin, and stained with hematoxylin and eosin (H&E).
Dentin (D), predentin (Pr), odontoblast layer (O), pulp
(P). Magnification: X400

Figure 2. Tooth root decalcified in formic acid, embedded
in glycol methacrylate, and stained with H&E. Abbrevia-
tions as for Figure 1. X400

details, like e.g. the dentin-predentin border, were
not distinguishable, and there were wavy artefacts (or
unidentified developmental mineralisation details) in
dentin (Figure 3).

Statistical analyses (Pearson chi-square test) revealed
a highly significant difference (p < 0.001) with respect
to the assessment criteria in comparison of all groups.

Discussion

Our findings suggest that the undecalcified tooth
preparation prepared by the method used in this
study is not more eligible in terms of the histological
assessments than the preparations prepared from
the tooth which are decalcified in formic acid and
embedded in paraffin. According to these results, if
decalcification is not a problem in terms of time and
study characteristics during the tooth preparation for
histological assessment, the most proper method is to
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Figure 3. Tooth root embedded in methyl methacrylate
-based embedding material without previous decalcifica-
tion and stained with H&E. Abbreviations as for Figure 1.
%400

make a histological preparation from the decalcified
and paraffin-embedded teeth. It is considered that
the decalcification procedures used at the present
day makes no significant change in the morphology
of microanatomic structures and even in the im-
munoreactivity [17, 18]. However, if waiting for the
decalcification time is a problem or the study is not
suitable for decalcification, the preparations taken
from the samples directly embedded into MMA-ba-
sed embedded material without decalcification and
stained with H& E may also provide acceptable levels
of histological details.

Although not commonly used, it was reported that
immunohistochemical and histomorphometric studies
of MMA-embedded decalcified hard tissues also pro-
vided good results [18]. However, this embedding ma-
terial is more suitable for undecalcified tissues. It was
highlighted that MMA could be used in hard tissue
immuno- and histochemistry and showed significant
improvements in presenting tissue antigenicity [13].
Investigators applied enzyme histochemistry, immu-
nohistochemistry and a wide range of classical histo-
logical staining techniques, even in situ hybridisation
to hard tissues in which MMA-based embedding resin
(Technovit 9100 New) was used, and reported that
good results were produced from all these techniques,
especially H&E staining procedure [9]. However, it
has to be noted that this embedding material is espe-
cially intended for immunohistochemistry, enzyme
histochemistry and in situ hybridisation [15].

It is considered that the routine stains used for pa-
raffin sections provide poor staining in GMA-embed-
ded sections. However, it was reported that optimal
morphological integrity and good results with H&E
may be obtained also in the GMA-embedded tissues
by using modified staining procedures [16].
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Itis noteworthy that the procedure by using GMA-
and MMA-based resin systems is time-consuming
and expensive [19]. Processing steps require changing
numerous solvents, preparing a large number of
mixtures and special temperatures for each solvent
[11, 20]. Protection from inhalation of harmful gases
and strict chemical safety are essential for the safety of
the personnel [11]. Additionally, enclosed automatic
processors cannot be used for processing and special
microtomes with sturdy tungsten carbide knives or
metallurgic low-speed diamond saws are required for
sectioning [11]. The procedure that will show the re-
sult in histological preparation is the final staining. All
of the processing steps can increase or decrease the
final result of staining quality [21]. The complicated
and inconvenient steps in the GMA- and MMA-ba-
sed resin embedding protocols may negatively affect
the staining quality. These procedures become even
more expensive, complicated and inconvenient in the
enzyme- and immunohistochemical characterization
of hard tissue sections processed without decalcifica-
tion [22]. However, we have shown, that immunohi-
stochemical studies can be successfully conducted
in decalcified and paraffin-embedded teeth [23, 24].

Undecalcified bone and tooth sections may be
required to analyse mineral distribution. Especially,
investigation of calcification areas in pulp or diagnosis
of metabolic bone diseases where normal calcification
process is impaired may be often necessary. Since
the use of GMA- and MMA-based resin embedding
systems is often required in the assessment of implant-
tissue integration, further methodological studies to
improve quality of hard tissues visualisation at the mi-
croscopic level have to be continued [25]. The results
of our study suggest that for routine histochemical
assessment and H&E staining of such sections, the
MMA-based embedding material may be preferred
instead of GMA-based resins.

The histological and histopathological processing
of hard tissues for investigational and diagnostic pur-
poses is a routinely-required procedure in the research
centres and laboratories of all sizes. The method to be
used in this context should be easy-to-apply. However,
if decalcified sections have to be used to study hard
tissues, and particularly the teeth, paraffin-embedding
and H&E staining is always an easier, more economic
and more reliable method than techniques based on
embedding the material in resins.
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