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Abstract

Objectives: Bone-decalsification is still a time consuming and laboring process in histopathology laboratories. In this study, we have aimed
a comparision of decalsification degrees and staining properties of compact bone tissue decalcificated by formic acid, Biodec-R, and
Decalcifier Il as decalcification agents.

Materials and Methodology: A total of 6 healthy male rats (200-220 g) were used in this study. Rats were decapitated by cervical
dislocation. Femurs were removed and 0.5 cm long pieces from these femurs were fixed in 10% formaldehyde for 36 hours. Subsequently,
the bone-tissues were stored in decalcification fluids at room temperature for six days. The bone-tissue samples were processed by routine
tissue procedures. They were further processed for light microscopic examination and stained with hematoxylin-eosin, Gomori's trichrome,
and Periodic acid-Schiff. We have examined the bone sections under a Leica DFC280 light microscope and Leica Q Win Image Analysis
System (Leica Micros Imaging Solutions Ltd.; Cambridge, U.K).

Results: When all three decalcification agents were applied for equal time periods and at the same experimental design, it was observed
that formic acid is more effectible for the preservation of natural structure of the bone tissue and on the quality of the staining properties. It
was observed that Biodec R and Decalcifier Il are similar to each other in terms of staining properties and preservation of structural details
of cells and tissue.

Conclusion: Formic acid decalcification is adviced for histologic staining and for a higher qualitiy of microscopic view during histological
examination of compact bone tissues.
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Kemik Dokunun Histolojik incelemesi icin Ug Farkli Dekalsifikasyon Ajaninin Kargilagtiriimasi

Ozet

Amag: Kemik dekalsifikasyonu histopatoloji laboratuvarlarinda hala zahmetli ve zaman alici bir stirectir. Bu calismada, kemik dekalsifikasyonu
icin kullanilan formik asit, Biodec-R ve Decalcifier Il dekalsifikasyon ajanlari ile kompakt kemik dokularinin dekalsifikasyon derecesi ve
boyanma &zelliklerinin karsilagtirlmasi amaglandi.

Gereg ve Yontem: Calismada toplam alti adet saglikli erkek sican (200-220 g) kullanildi. Siganlar servikal dislokasyonla dekapite edildi ve
her iki femurlari cikarildi. Femurlardan alinan 0.5 cm uzunlugundaki parcalar %10’luk formaldehitte 36 saat sireyle tespit edildi. Daha sonra
kemik dokulari dekalsifikasyon sivilarinda alti giin oda isisinda bekletildi. Dekalsifikasyonun ardindan kemik doku érnekleri rutin doku takip
islemlerinden gegcirilerek 1sik mikroskobik inceleme icin hazirlandi. Lamlar tzerine alinan 6 pm kalinhigindaki kesitlere hematoxylin eosin,
Gomori's trichrome ve Periodic acid-Schiff boyamalari yapildi. Kesitler Leica DFC 280 isik mikroskobu ve Leica Q Win goérintu analiz
sisteminde (Leica Micros Imaging Solutions Ltd.; Cambridge, U.K) incelendi.

Bulgular: Her t¢ dekalsifikasyon ajani ayni siire, ayni deney dizayniyla uygulandiginda; formik asitin kemik dokunun dogal histolojik yapisini
en iyi korudugunu ve boyanma ozelliklerinin belirgin sekilde daha kaliteli oldugu gézlendi. Biodec-R ve Decalcifier IlI'nin hiicre ve doku
detaylarinin korunmasi ve boyanma 6zellikleri agisindan birbirine benzer oldugu saptandi.

Sonug: Kompakt kemik dokunun histolojik incelenmesinde formik asit dekalsifikasyonu, histolojik boyanma ve mikroskopik gérintii kalitesi
acgisindan tercih edilebilir.

Anahtar Kelimeler: Kemik; Dekalsifikasyon; Formik Asit; Biodec-R; Decalcifier II.

removed in routine examinations of bone tissue.
INTRODUCTION Decalcification is the technique for removing mineral

from bone or other calcified tissues while preserving all

Its dynamic structure with a cycle of constant the essential microscopic elements. Bone decalcification
construction and demolition, the difficulty of is performed for various reasons, such as routine staining
macroscopic dissection techniques and the differences of  paraffin  sections, enzyme histochemistry,
in tissue processing make histopathological examination immunohistochemistry (IHC), immunocytochemistry (ISC)
of bone tissue an arduous task. It is difficult to obtain a and electron microscopy. It is important to minimize the
section even with a good processing since cells and loss of enzymes, antigens, proteoglycan, cellular
matrix proteins make up only 1/3 of the tissue while infrastructure and proteoglycan infrastructure of bone
inorganic matrix (calcium hydroxyapatite) make up the tissue during fixation and decalcification (1).

remaining 2/3. For this reason, calcium should be
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Decalcification solution should be selected according to
the type of bone tissue and staining and the desired
decalcification rate. There are ready-to-use agents and a
wide range of formulas to be prepared in the laboratory.
There is no single formula that can be recommended for
decalcification procedure. It is essential for researchers
to establish their own standards for each study by
checking section and staining. Nevertheless, there are
certain formulations that can be used for routine
decalcification.

There are two main types of decalcification agents:
chelating agents and organic or mineral acids. Chelation
agents take up calcium ions from the bone.
Ethylenediaminetetraacetic acid (EDTA) is the most
frequently used chelating agent. It is a safe but a slow
decalcification solution. The organic or mineral acids
make up a solution of calcium ions. The type of acid
(weak or strong) used in the solution may accelerate the
rate of decalcifying process, but it also entails the risk of
deterioration of the tissue components and staining
properties. Weak acids are formic acid, picric acid, acetic
acid and so on and strong acids are nitric acid and
hydrochloric acid (HCI). There are also solution with a
mixture of these two types of acids, such as acetic acid-
formalin, formic acid-formalin solution, hydrochloric
acid-formic acid and nitric acid-formalin (2). The choice
of decalcifying agent depends on the degree of tissue
mineralization, the purpose of the study and the staining
techniques (3).

Factors like temperature, agitation, vacuum microwave
and electric current are also effective in the process of
decalcification. Heat may accelerate a chemical reaction
three times more at every 100 C° Increased
temperatures shorten the decalcification time (4).
Agitation increases the interaction between object and
decalcifying solution, and provides a uniform staining by
removing dissolved minerals from the tissue. With
vacuum pumping, undissolved calcium mixes with acid
and turns into dissolved calcium salts and carbondioxide
(CO2). CO: should be immediately removed from the
environment in order to maintain chemical equilibrium
and reaction rate (5,6). Microwave irradiation affects the
decalcification time in acidic solutions by increasing the
penetration of the decalcifying solution and accelerating
the reaction between the solution and tissue molecules
(7,8). Ca*? ions are released faster in the decalcifying
solution in the presence of an electric field (9). These
Ca*? ions should be removed from the environment as
well.

Various methods are used to determine the end-point of
decalcification. This can be done mechanically by
touching the sample with a needle tip or by weighing
the sample. Decalcification can also be checked, using
chemical and radiologic methods. In radiological
method, photomicrographs of the softening tissue are
taken at different stages of the decalcification process
using X-ray, and the results are compared with a
standard curve. This method is not preferred because
this equipment is not available in histology laboratories.
In chemical method, Ca salt is searched in the
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decalcified solution. 0.5 cc saturated ammonium oxalate
is added to 5 cc decalcification solution until it becomes
alkali. If Ca is present, a white precipitate forms and new
solution is added until the fluid becomes clear again. If
the fluid remains clear after 30 minutes, decalcification is
complete (10,11,12).

The aim of the present study is to compare the effects of
%5 formic acid and two commercial products, namely
Decalcifier Il (Surgipath Europe Ltd. Peterborough, UK)
and Boidec-R (Bio-Optica Milano, Italy) on decalcification
and bone tissue staining characteristics in compact bone
decalcification.

MATERIAL AND METHODS

In this study three different decalcifying solutions, %5
formic acid, Decalcifier Il (Surgipath Europe Ltd.
Peterborough, UK) and Boidec-R (Bio-Optica Milano,
Italy) were used for the femur bone decalcification of a
total of six healthy male rats (200-220 g). The rats were
decapitated by cervical dislocation and both femurs
were removed. Sections (0.5 cm) taken from the
chamber for the femur were fixed in 10% formaldehyde
for 36 hours at room temperature. Then, bone tissues
were subjected to decalcification in 100 ml Decalcifier Il
(Hydraulic acid - Ethylenediaminetetraacetic acid) and
Boidec-R (10% hydraulic acid — 5% formic acid) and %5
formic acid solutions for six days at room temperature,
and the solutions were renewed on alternate days. At
the end of decalcification period, the bone tissue
samples were washed in running tap water and
embedded in paraffin blocks after being exposed
routine histological tissue processing. Hematoxylin-Eosin
(H&E), Gomori's Trichrome and Periodic acid-Schiff
(PAS) stains were applied to 6 pm-thick sections cut from
the paraffin blocks for light microscopic examination.
The sections were examined using Leica DFC 280 light
microscope and Leica in QWin Plus image analysis
system (Leica Micros Imaging Solutions Ltd. Cambridge,
UK).

RESULTS

Formic acid: In the bone tissue sections decalcified by
formic acid and stained with H&E, the periosteal and
endosteal layers and vascular structures were clearly
distinguishable. The cell nucleus on the periosteum and
the osteocytes nucleus in the lacunae were blue-purple
with high contrast. The bone matrix on compact and
trabecular bone tissue was stained in eosin with red-pink
colors and there were weak, irregular basophilic spots
stained in light blue. There was high-quality staining in
the bone marrow tissue in the medullary cavity that
allows for identification of cells (Figure 1a, b). The cell
nucleuses in the sections stained with Gomori's
Trichrome were purple-black, while bone matrix was
light green. The cytoplasmic domains of osteocytes in
the lacunae were in the form of transparent spaces.
Vascular structures were clearly distinguishable. Cellular
staining of the bone marrow was of the quality that
allowed cells to be distinguished (Figure 1c). In the
sections stained with periodic acid-Schiff, the cells
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nucleus in the structure of bone tissue and bone marrow
were stained in hematoxylin with blue-purple colors
while the bone matrix was stained in pink-violet.
Megakaryocytes in the bone marrow were recognizable
and the cellular nucleuses in all tissues areas were with
high contrast (Figure 1d).

Figure 1. Decalcification with formic acid a) H-E x 10, b) H-E
x 20, ¢) TRC x 20, d) PAS x 20 (arrows: compact bone tissue;
asterisk: bone marrow)

Bone, and bone marrow tissue areas in the sections
decalcified by Biodec-R were stained in strong
eosinophilic red by hematoxylin-eosin staining. The
details of the cells were indistinguishable. It was notable
that the nucleuses were stained in hematoxylin (Figure
2a, b). In the sections stained with trichrome, the bone
tissue matrix was diffuse green and the nucleuses of
osteocytes were dark purple. The cells of bone marrow
tissue were stained basophilic in diffuse dark purple and
the details of the cellular structure were
indistinguishable (Figure 2c). In the sections stained with
Periodic acid-Schiff, the bone tissue matrix was of
diffuse pink color. The osteocytes nucleuses were
indistinguishable and lacunars were in the form of small
oval spaces. The bone marrow areas were stained in
purple weak basophilic manner. The boundaries and
nucleus of the cells were indistinguishable (Figure 2d).

In the sections of the bone tissues subjected to
decalcification with Decalcifier Il, H&E and all tissue
areas were stained in dark red-eosinophilic color. It was
observed that the nucleuses were not stained in
hematoxylin in these sections. The osteocytes nucleuses
were indistinguishable in the bone tissue areas. The cells
nucleuses of the bone marrow tissue were stained in
dark red color in a strong eosinophilic character. The
cellular borders and structures were indistinguishable in
all tissue areas (Figure 3a, b). In the sections section
stained with trichrome, the bone tissue matrix was
stained in diffuse green color. The nucleuses of
osteocytes within the bone matrix were stained in dark
purple. The bone marrow cells were stained basophilic
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diffuse texture of a dark purple color and the cell details
were indistinguishable (Figure 3c). In the sections

stained with Periodic Acid-Schiff, the bone tissue matrix
was stained in diffuse light pink and the cell nucleuses
were indistinguishable. In the bone marrow areas, there
were weak basophilic stains with a low contrast. It was
not possible to observe the details to distinguish the
bone marrow cells (Figure 3d).

Figure 2. Decalcification with Biodec-R a) H-E x 10, b) H-E x
20, c) TRC x 20, d) PAS x 20 (arrows: compact bone tissue;
asterisk: bone marrow)

Figure 3. Decalcification with Decalcifier Il a) H-E x 10, b) H-
E x 20, ¢) TRC x 20, d) PAS x 20 (arrows: compact bone
tissue; asterisk: bone marrow)

DISCUSSION

The decalcification process of the bone tissue that is

needed for histological examination is a hard-to-
formulate, laborious, and time consuming process. The
protection of bone tissue components and their
interrelationship along with the staining properties of
tissues depend on the decalcification quality and speed.
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During detecting and decalcification steps, the
proteoglycan content sample should be small as
possible to prevent the loss of cellular infrastructure,
antigens, and enzymes, but this is not always possible
(1). For the identification process of the bone tissue prior
to the decalcification on electron microscopy with EDTA,
best agent protecting the fine cellular structure and
enzymes, 1-2 mm or smaller pieces of bone tissue should
be sampled (13). Because it decalcifies faster than EDTA
while also preventing proteoglycan loss, ascorbic acid
may be used during the process; yet, it does not protect
cells and intracellular structures well (14). All tissue
decalcification agents, especially strong acids, affect the
staining process badly no matter how small the particles
are.

Decalcification  solutions,  either  produced  for
commercial reasons or prepared in the laboratory, are
diverse and there is no single formula that can be
recommended in this regard. The studies to this day
have either focused on finding a brand new
decalcification agent or modifying those that are already
known (4,15-17). A good decalcification agent should
guarantee the complete removal of calcium from the
tissues, minimise the possible damage on the cells and
tissues, prevent deterioration in the sequential staining,
and carry out the decalcification at a reasonable speed
(18).

Poorly identified bones are adversely affected by the
decalcification process in cases when the detecting fluid
does not achieve proper penetration into the tissue due
to the thick cortex in compact bones. Therefore bone
fragments should not be put into the solution before
making sure that they are suitably fragmented. If bones
and soft tissues are intact, the detection disrupts the
natural ties in the soft tissues and cause separation
during cutting (19). Generally accepted process is as
follows: cutting, identification, cutting and
decalcification. Since the acids in the decalcification fluid
disrupt the cellular morphology of unidentified tissues,
an identification process prior to decalcification is critical
(4). If the decalcification is made using an acid-
containing solution, it is reported that washing the tissue
under flowing water for 10-15 minutes has a positive
effect on the osteoid matrix (4).

In our study, we have evaluated the effects of three
different decalcification agents on organic and inorganic
components of bone tissues along with their degree of
decalcification and staining properties throughout the
methods used in routine histology laboratories. All three
agents were tested in terms of standard procedures
such as temperature, pressure, and motion at the same
time and under the same laboratory conditions. Due to
the fact that protecting normal structure of bone tissue
and staining quality is more important than
decalcification time in histologic evaluations, we
conducted the tests during the same time period for all
three agents.

The first of our agents was the formic acid, a soft acid
which is widely used in 2-10% concentrations in routine
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histological studies for the decalcification of compact
bones and bone marrow. This decalcifying agent can
also be used in immunohistochemical staining. Small
spongy bone fragments are decalcified in two days while
larger, dense compact bones become decalcified within
20 days in formic acid solutions. Decalcification fluid
must have sufficient volume and the fluid should be
renewed every 48 hours. The solution can also contain
formalin both for detection and decalcification of the
tissues. These solutions do not harm nuclear staining and
are safer than HCI, however, their disadvantage is that
they decalcify slower than HCI (20). Throughout our
studies, we have observed that formic acid groups
provided clear and high contrast nuclear staining in all
cell types of bone and bone marrow during the H&E
staining. Compact and trabecular bone matrix in
addition to the bone marrow tissue inside were well-
stained so as to allow the identification of cells. The cell
nuclei were purple and black, the bone matrix was
green, and lacunar areas were marked as spaces in
Gomori's trichrome staining. Vascular structures and
cells in the bone marrow could be clearly distinguished.
In PAS staining, too, all cell nuclei in all the tissue areas
were observed in high contrast. In their study on the
effect of decalcification agents on cartilage and the
effect of decalcification and/or identification solutions on
proteoglycans loss, Callis et al. have decided to use 5%
formic acid due to the minimal loss of proteoglycan loss
during the process and faster decalcification it provided

(1).

Decalcifier Il was our second agent. It is an effective and
fast decalcification agent specially prepared for
histology and pathology laboratories. Its long term
application, as in most acids, may result in ribonuclease
damage caused by intracellular nucleic acids and this, in
turn, ends up in basophil loss in histological staining.
Although this agent is used more in the decalcification
of the bone marrow biopsy materials, it can also be used
in compact bone decalcification. In both cases, samples
should be checked every 1/2-1 hours. When the
application temperature is lowered to 20°C, any
histochemical staining can be applied to samples. If an
IHC staining is planned, sample tissue should be taken
with bone biopsy. In this case, Decalcifier | solution,
which is more sensitive for staining, should be preferred.
Among HCI containing agents, Decalcifier Il agent is
three to four times slower (1). Even though it is
produced for decalcification in shorter periods of time,
we wanted to use this agent to see its staining quality
and ability to protect cellular details using the same
method, within the same period of time. Studying the
bone tissue sections decalcified with Decalcifier Il, we
have noted that the nuclei were not properly stained in
H&E staining, osteocytes nuclei in the bone tissue were
not distinguishable, and that the cellular nuclei in the
bone marrow had strong eosinophilic characteristics.
Neither the borders of the cellular structures in the
tissues, nor their details were identifiable. The nuclei of
osteocytes within the bone matrix stained with Gomori’s
Trichrome were dark purple while the cells of the bone
marrow tissue were stained diffused dark purple colour;
the details of the cells were hard to recognise. Again,
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the matrix of bone tissue in the sections stained with
PAS method were stained diffused light pink and the cell
nuclei were not identifiable. The bone marrow had lost
basophils and the staining was in low contrast, which
made it hard to distinguish the cells.

The third agent we used was Biodec-R, which is a fast
decalcification agent that is capable of operating in all
mineralised tissues with salt as its regulatory
components. Regulators are added to minimise tissue
swelling caused by the acid (21). Another study argues
that using formic acid and HCI (modified for transmission
and scanning electron microscope) forms of mineralised
materials is more effective compared to other agents
since they shorten the decalcification process while
protecting the cellular structures (19). While Chagas et
al. show that Biodec-R is not effective in maintaining cell
nucleus (21), Silva et al. claim that it actually protects
tissue and cell morphology (19). Using 5% nitric acid,

another strong acid-based decalcifying agent, in
modifying EDTA and reducing the 135-day-long
decalcification period down to 24 days, these

researchers have not observed proper cell morphology
despite saving a significant amount of time (22). Despite
the disruption of tissue integrity, acids can be used in
urgent cases. In cases where time factor is not a priority,
the satining quality can be achieved by using neutral
EDTA, which protects the integrity of soft tissues (23). In
our decalcification experiment with Biodec-R, we have
similarly observed that the bone and bone marrow
tissues  with  eosinophilic  stain were strongly
distinguishable whereas the details of the cells were not
observable and the nuclei were not stained. In the
Gomori's Trichrome staining, the matrix of the bone
tissues were green and the nuclei of osteocytes were
stained dark purple. The cells of bone marrow tissues
were stained with diffused dark basophilic and the
details of the cellular structure details could not be seen.
The bone tissue matrix stained with periodic acid-Schiff
appeared in diffused pink colour but the osteocyte
nuclei were not visible while lacunas were observed
simply as small oval shapes. The bone marrow appeared
poorly stained in basophilic character; the nuclei and
boundaries of the cells could not be detected.

After applying these three agents at the same time and
the same experimental design, we can conclude that
formic acid is best in preserving the bone intrastructure.
The staining degree and quality were the same for all
three agents. Although Biodec-R and Decalcifier Il were
way behind formic acid in terms of preserving the details
and the quality of staining, it is difficult to state that one
agent is superior to the other.

Considering the arguments presented above, we
recommend the establishment of a decalcification
protocol and to set some standards in order to make it
capable of preserving bone and cell structures with a
shorter histological decalcification process. To this end,
there is need for more researches conducted in different
experimental conditions.

Cell Tissue Biology Research 16-19 Mayis 2012, Denizli, Ttirkiye

278

REFERENCES

1. Callis G, Sterchi D. Decalcification of bone: Literature review
and practical study of various decalcifying agents. Methods,
and their effects on bone histology. Journal of
histotechnology 1998;21(1):49-58.

2. Schmitz N, Laverty S, Kraus VB, Aigner T. Basic methods in
histopathology of joint tissues. Osteoarthritis and cartilage
2010;18:113-6.

3. Fernandes MI, Gaio EJ, Rosing CK, Oppermann RV, Rado
PV. Microscopic qualitative evaluation of fixation time and
decalcification media in rat maxillary periodontium. Brazilian
Oral Research 2007;21(2):134-9.

4. Verdenius H, Alma L. A quantitative study of decalcification
methods in histology. Journal of clinical pathology
1958;11(3):229-36.

5. Waerhaug J. Decalcification of bone and teeth under
vacuum-a rapid method for producing hard tissue
preparations. Journal of Dental Research. 1949;28(5):525-6.

6. Engelbreth HJ, Plum C. A rapid and easy method of
decalcification. The Journal of Pathology and Bacteriology.
1951;63(4):751-3.

7. Kaneko M, Tomita T, Nakase T, Takeuchi E, Iwasaki M,
Sugamoto K, et al. Rapid decalcification using microwaves
for in situ hybridization in skeletal tissues. Biotechnic &
histochemistry 1999;74(1):49-54.

8. Cunningham CD, Schulte BA, Bianchi LM, Weber PC,
Schmiedt BN. Microwave decalcification of human temporal
bones. The Laryngoscope 2001;111(2):278-82.

9. Richman |, Gelfand M, Hill J. A method of decalcifying bone
for histologic section. Archives of pathology. 1947; 44(1):
92.

10. Lillie R, Laskey A, Greco J, Burtner HJ, Jones P.
Decalcification of bone in relation to staining and
phosphatase technics. American journal of clinical
pathology 1951;21(8):711.

11. Morse A. Formic acid-sodium citrate decalcification and
butyl alcohol dehydration of teeth and bones for sectioning
in paraffin. Journal of Dental Research. 1945;24(3):143-53.

12. Miles AEW. The Miles method of assessing age from tooth
wear revisited. Journal of Archaeological Science. 2001;
28(9): 973-982.

13. Dickson GR. Chemical fixation and the preparation of
calcified tissues for transmission electron microscopy.
Methods of calcified tissue preparation. Elsevier,
Amsterdam New York Oxford 1984; 79-148.

14. Bonucci E, Reurink J. The fine structure of decalcified
cartilage and bone: a comparison between decalcification
procedures performed before and after embedding.
Calcified tissue research. 1978;25(1):179-90.

15. Birkedal HH. Kinetics of acid demineralization in histologic
technique. Journal of Histochemistry & Cytochemistry.
1974,22(6):434-41.

16. Mawhinney W, Richardson E, Malcolm A. Control of rapid
nitric acid decalcification. Journal of clinical pathology.
1984,37(12):1409.

17. Cook S, Ezra CH. A comparison of methods for decalcifying

bone. Journal of Histochemistry & Cytochemistry.
1962;10(5):560-3.
18. Culling CFA, Allison R, Barr W. Cellular pathology

technique. 1985; Butterworths London.

19. Silva, A., R.E.G. Rici, and A.A. Neto, Techniques Used for
Morphological and Ultrastructural Description from Teeth
White-Tufted-Ear-Marmosets (Callithrix jacchus). 2012.

20. Sarsfield P, Wickham CL, Joyner MV, Ellard S, Jones DB,
Wilkins BS. Formic acid decalcification of bone marrow
trephines degrades DNA: alternative use of EDTA allows
the amplification and sequencing of relatively long PCR
products. Molecular Pathology 2000;53(6):336-6.




www.jtomc.org

21. Das Chagas LF, de Carvalho SN, Ricardo ACC, Hernandez L, protocols on detection of DNA strand breaks by terminal
de Mello S, Rode AMAM. Tempo de descalcificagdo e dUTP nick end labelling. The Histochemical Journal.
preservacdo do nlcleo celular de tecido mineralizado 2000;32(11):697-702.
descalcificado com acido nitrico a 5%, EDTA a 7% e Biodec- 23. Sanjai K, Kumarswamy J, Patil A, Papaiah L, Jayaram S,
r. 2008. Krishnan L. Evaluation and comparison of decalcification

22. Yamamoto FT, Shibata Y, Hishikawa Y, Shin M, Yamaguchi agents on the human teeth. Journal of oral and maxillofacial
A, Kobayashi T, et al. Effects of various decalcification pathology: JOMFP 2012;16(2):222.

Received/Bagvuru: 03.02.2014, Accepted/Kabul: 08.04.2014

Correspondence/Iletigim O For citing/Auf i¢in

Mehmet GUL Gul M, Bayat N, Gul S, Huz M, Yildiz A, Otlu A. Histological
Indnii  University, Faculty of Medicine, Department of examination of bone tissue for comparison of three different
Histology and Embryology, MALATYA, TURKEY agents decalcification. J Turgut Ozal Med Cent 2014;21:274-
E-mail: mehmet.gul@inonu.edu.tr 9 DOI: 10.7247/jtomc.2014.1739

279



