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FROM THE EDITOR

Esteemed colleagues,

It is a pleasure to present to you the new issue
of Stomatološki vjesnik/Stomatological review.
In this issue you will find four scientific, one
review and two case report articles.
During these four years of continuous publishing of Stomatološki vjesnik, we have brought to
you 74 articles. It was the result of authors' valuable work and irreplaceable reviewers' contribution.
That joint effort helped us became recognized
in scientific databases.
Believing that we shall continue this cooperation we wish you Happy and successful year
2016.
Sadeta Šečić
Editor in chief
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ABSTRACT
Objective: The present study was aimed to investigate immunohistochemical expression of VEGF in healthy and inflamed
human dental pulps as well as the importance of VEGF in
dental pulp angiogenesis and lymphangiogenesis.
Methods: Twenty-eight pulps obtained from the teeth having a
clinical diagnosis of irreversible pulpitis and thirty-one samples of healthy dental pulps obtained from young patients who
required extractions for orthodontic reasons were involved in
the study. All cases were examined by immunohistochemistry
using monoclonal mouse anti-human vascular endothelial
growth factor antibody, CD34 antibody and D2-40 antibody.
Results: The comparison between the groups showed statistically significant difference between VEGF expression in
healthy and inflamed human dental pulps (p= 0,004). There
was, however, a weak positive correlation between the nuber
of CD34 positive blood vessels and VEGF expression (r= 0,228;
p =0,253), as well as, between the nuber of D2-40 positive
lymphatic vessels and VEGF expression (r= 0,223; p = 0,250) in
inflamed human dental pulp.
Conclusion: VEGF expression is upregulated during dental pulp
inflammation, but does not correlate with dental pulp angiogenesis and lymphangiogenesis.
Key words: VEGF, dental pulp, inflammation, angiogenesis,
lymphangiogenesis
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Introduction
The intensity and duration of the tooth injury,
either from caries or trauma, has important implications on the subsequent pulpal response. The
acids, which are released from bacterial biofilms on
the tooth surface, diffuse through dental tissues and
dissolve the enamel and dentin matrix. During caries
induced demineralization, biologically active molecules are released from dentin matrix. These molecules have the potential to influence cellular events in
the pulp-dentin complex. Thus, for example, released
angiogenic growth factors can contribute to the healing process of the dental pulp [1,2]. Pulp cells also
express several pro- angiogenic growth factors such
as platelet-derived growth factor (PDGF), vascular
endothelial growth factor (VEGF), basic fibroblas
growth factor (FGF-2) angiogenin, angiopoietin, epidermal growth factor, heparin-binding epidermal
growth factor, hepatocyte growth actor, leptin and
placental growth factor [3,4].
Caries-induced pulpitis is typically accompanied
by an increased number of blood and lymphatic
vessels. These processes imply the formation of new
blood and lymphatic vessels by "sprouting" from preexisting ones. While increased vasodilation, which is
typical for acute phase of inflammatory reaction, causes increased blood flow in the inflamed tissue,
sprouting of capillaries leads to an increase in their
number, improving perfusion of hypoxic tissue.
However, the angiogenesis can facilitate inflammatory processes with increased delivery of nutrients,
inflammatory cells and oxygen to the inflamed tissue.
Thus, angiogenesis and lymphangiogenesis appear
as basic processes during inflammation-induced hypoxia.
Vascular endothelial growth factor (VEGF) is a dominant growth factor controlling angiogenesis and
lymphangiogenesis. It induces endothelial cell proliferation, migration and survival. It is also known as
vascular permeability factor because it induces the
permeability of blood vessels with unusually rapid
kinetics and 50.000 times more potency compared to
histamine. VEGF performs its biological effect
through the interaction with transmembrane
tyrosine kinase receptors (VEGFR) [5,6].
The present study aimed to investigate immunohistochemical expression of VEGF in healthy and
72

inflamed human dental pulps as well as the impact of
VEGF on angiogenesis and lymphangiogenesis in
inflamed human dental pulp.

Materials and methods
Sample selection and preparation
Twenty-eight (28) pulps were obtained from
teeth having clinical diagnosis of irreversible pulpitis. Thirty-one (31) samples of healthy dental pulps
were obtained from young patients who required
extractions for orthodontic reasons. The pulp samples were fixed in neutral 10% buffered formalin, embedded in paraffin and cut in 4 serial sections at 4 μm.
One section was stained with hematoxylin and eosin
in order to confirm clinical diagnosis. The other 3
sections were stained immunohistochemically using
monoclonal mouse anti-human vascular endothelial
growth factor, monoclonal mouse anti-human CD34
and monoclonal mouse anti-human D2-40.
Sections were first dewaxed for 15 min and rehydrated via graded ethanol solutions. Antigen retrieval was performed with microwave treatment in
phosphate-buffered saline (PBS) (pH 9.0) for 10 min
at 120W. Sections were immersed into 3% hydrogen
peroxide (H2O2) for 10 min to block the endogenous
peroxidase activity. After that, sections were incubated for 30 minutes with primary monoclonal antibodies agents: VEGF (Clone VG1; dilution 1:50; DAKO,
Denmark), CD34 (Clone QBEnd-10, dilution 1:50,
DAKO, Denmark) and D2-40 (Clone D2-40; dilution
1:200; DAKO, Denmark) followed by incubation with
biotin-labelled secondary antibodies. A two-step
technique (EnVision; Dako, Glostrup, Denmark) was
used for visualization, with diaminobenzidine (DAB)
as a chromogen (DAB Chromogen, Dako, Glostrup,
Denmark). Finally, after being three times washed in
distilled water (5 minutes each), sections were counterstained with haematoxylin, mounted and cover
slipped.
Assessment of immunostaining
The assessment of immunostaining was made by
experienced pathologist using light microscope
(Olympus BX40 - Artisan Scientific, Champaign, Illinois, USA). Immunoreactivity for VEGF was observed
to assess localization, intensity and percentage of
Stomatološki vjesnik 2015; 4 (2)
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positive cells. Five fields of view were counted
at magnification ×200 in each slide. The final
product of the immunohistochemical reaction
for VEGF was cytoplasmic staining with granular pattern. Intensity of the staining was
scored as follows: 0 - no staining, 1 - weak staining, 2 - mild staining and 3 - high intensity
staining. The percentage of the VEGF positive
cells were scored as follows: 0 - no positive
cells; 1- <25% positive cells and 2 - >25%
positive cells.

Figure 1. VEGF-positive endothelial cells (arrows)
in inflamed dental pulp (IH, X250)

To assess the immunoreactivity for CD34
and D2-40, sections were first scanned at low
magnification (x40) to identify the areas with
the highest number of blood and lymphatic
vessels. Microvessel counting was done under
×200 magnification from five areas for each
pulp sample. To determine the number od
CD34 positive blood vessels and D2-40 positive lymphatic vessels, brown-staining endothelial cells which formed slit-like or rounded
luminal spaces were defined as a single countable microvessel.
Statistical analysis

Figure 2. VEGF-positive fibroblasts (arrows)
in inflamed dental pulp (IH, X400)

The results were subjected to statistical
analysis using Student's t-test for independent
samples to compare differences in VEGF expression between the groups. Correlations
between VEGF expression and number of
CD34 positive blood vessels and between
VEGF expression and number of D2-40 positive lymphatic vessels were estimated using
the Pearson's correlation coefficient.

Results

Figure 3. Cytoplasmic expression of VEGF in plasma cells (arrows)
of dental pulp (IH, X400)

Stomatološki vjesnik 2015; 4 (2)

The immunopositive, cytoplasmatic reaction for VEGF, with varying intensity of immunolabeling, was observed in 16 (57,1%) samples of inflamed and 11 samples (35,5%) of
healthy dental pulps. As shown in Figure 1.,
VEGF immunoreactivity in inflamed pulps was
detected most frequently in endothelial cells
(n=11), followed by fibroblasts (n=9) (Figure
2). VEGF expression in plasma cells was
opserved in only one case (Figure 3).
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Figure 4. Staining intensity for VEGF
in the different cells of inflamed pulp

30

Figure 5. The percentage of VEGF positive cells
in inflamed dental pulp

In most cases, weak staining intensity was
recorded (Figure 4). In 11 of these cases, less
than 25% represented by 7 cases, had more
than 25% of the cells positive for VEGF
(Figure 5). In healthy dental pulps, VEGF
immunoreactivity was detected 8 times in
fibroblasts and 4 times in endothelial cells
with weak staining intensity in most cases
(n=10). The VEGF eexpression in inflamed
dental pulps was statistically higher (t-test, p=
0,004) than in healthy dental pulps.
The mean number of blood vessels positive
for CD34 in the inflamed dental pulp
(78.93±25.8) (Figure 6.) was significantly
higher (P< 0.0001) than the mean number in
the healthy dental pulp (50.4 ±9.34). Pearson's coefficient of correlation showed no significant match between the total scores of
CD34 positive endothelial cells and VEGF
expression (r= 0,228; p =0,253).

Figure 6. CD34 positive endothelial cells (arrows)
in inflamed dental pulp (IH, X250)

The mean number of lymphatic vessels
positive for D2-40 in the inflamed dental pulp
(8.04 ± 2.8) (Figure 7.) was significantly
higher (P< 0.0001) than the mean number in
the healthy dental pulp (3.93 ± 1.11). Pearson's coefficient of correlation between the
number of D2–40 positive lymphatic vessels
and VEGF expression was low, reflecting lack
of significant correlation.

Figure 7. D2-40-positive endothelial cells (arrows)
in inflamed dental pulp (IH, X250)
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Discussion
There are different clinical situations, such as carious or traumatic pulp injuries, orthodontic movements or replanted avulsed teeth, requiring an
increase in vascular density in the dental pulp. The
VEGF, produced by various cellular types, is considered as the most essential for differentiation of the
vascular system. In this study, we found that VEGF is
overexpressed in inflamed pulp tissue. The VEGF
expression is most often observed in endothelial cells
and almost three times more frequent in inflamed
compared to healthy pulp. Although higher expression of VEGF in fibroblasts after injury was detected
previously [7], we noticed that the number of VEGF
positive fibroblast was almost equal in both groups.
Unlike previous study in which cytoplasmatic positivity to VEGF in inflammatory cells was found in very
high percentage [8], we found VEGF expression in
plasma cells in only one case. The intensity of expression was generally weak in both tested groups.
Chronic inflammatory diseases are often accompanied by intense angiogenesis and lymphangiogenesis. An increased number of blood and lymphatic
vessels was found in the inflamed dental pulp, suggesting that inflammation contributes angiogenesis
and lymphangiogenesis [9,10]. This study has once
again confirmed these facts. There was, however, a
weak positive correlation between the nuber of CD34
positive blood vessels and VEGF expression, as well
as, between the number of D2-40 positive lymphatic
vessels and VEGF expression in inflamed dental pulp.
The lack of correlation between angiogenesis, lymphangiogenesis and VEGF expression in inflamed dental pulp supports the hypothesis that multiple
angiogenic factors may play a role in the angiogenic
process.

Conclusion
VEGF expression is upregulated during dental
pulp inflammation, but does not correlate with
dental pulp angiogenesis and lymphangiogenesis.
Our findings imply that the VEGF expression is not a
single specific indicator of angiogenesis and
lymphangiogenesis in inflamed dental pulp.

Stomatološki vjesnik 2015; 4 (2)
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ABSTRACT
Objective: The aim of this study was to investigate root canal
morphology of maxillary first and second premolars in Bosnian
population using clearing technique.
Materials and methods: Total of 182 maxillary first and second
premolars from Bosnian population were included in this study.
The Indian ink was injected in the root canal system and the
samples were rendered clear by demineralization and immersion into methyl salicylate. Data relating to root canal type
(Vertucci classification, 1984), presence and position of lateral
canals, presence and position of transverse anastomosis,
position of apical foramina and frequency of apical deltas were
analyzed using a magnifier and dissecting microscope (x10).
Results: The dominant root canal type of maxillary first premolars
is the type IV, present in 56.5% of samples. Lateral canals were
registered in 46.7% and transverse anastomosis in 8.6% of
samples. The position of apical foramen maxillary first premolars was apicolateral at 60.86% of samples, while the apical
delta present in 1.08% cases. The most frequent root canal of
maxillary second premolars is type II (31.2%), followed by the
type I and IV (20%). Lateral canals were recorded in one third of
the total sample of maxillary second premolars (33.3%), dominantly in apical region. Transverse anastomoses were present
in 23.3% of samples; the apical delta in 5.55% and position of
the apical foramen was apicolateral at 71.11% cases respectively.
Conclusion: This study demonstrates anatomical complexities of
maxillary premolars root canal system, confirming that the root
with single tapering canal and apical foramen is an exception
rather than the rule.
Keywords: root canal morphology, maxillary first premolar,
maxillary second premolar, clearing technique
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Introduction
The proper design of access cavity, identification
and localization of the root canals, determination of
work duration, principles of shaping and cleaning of
the root canals are closely related to the knowledge of
the root canal morphology. The failures in performing of all these stapes made at the beginning of
treatment are multiplied in each subsequent stage
and may lead to endodontic treatment failure.
Many factors have an impact on root canal morphology such as race [1], age [2,3] and sex [4]. Also,
physiological and pathological processes (occlusion,
caries, abrasion, erosion, attrition, periodontal disease, cavity preparation or cusp fracture), leading to
dentinal exposure to the oral cavity, may induce
changes of root canal morphology by production of
secondary and tertiary dentin [5].

Type I
(1)

Type II
(2-1)

Type III
(1-2-1)

Type IV
(2)

The simplest version of root canal system is root
with a single canal and a single apical foramen.
However, root canals may divide, rejoin and have
additional ramification. Lateral canals were defined
as branches of main canals or pulp chamber that
communicates with the root exterior surface i.e.
periodontal ligament [6,7]. Transverse anastomosis
or inter-canal communications were defined as canal
ramifications that run between the main canals but
not communicate with root surface [6]. Apical delta is
version of root canal morphology where the main
canal divides into multiple accessory canals near the
anatomical apex and apical part of main root canal
can not be discernible [8,7].
The most important reference for different types
of root canal configuration is Vertuccci's classification [9]. Vertucci et al described eight types of root
canals, defining number of root canal and pulp space
configuration for each permanent tooth (Figure 1,

Type V
(1-2)

Type VI
(2-1-2)

Type VII
(1-2-1-2)

Type VIII
(3)

Figure 1. Classification of canal configurations according to Vertucci

Type I

A single canal extends from the pulp chamber to the apex (1).

Type II

Two separate canals leave the pulp chamber and join short of the apex to form one canal (2-1).

Type III

One canal leaves the pulp chamber and divides into two in the root; two than merge to exit as one canal (1-2-1).

Type IV

Two separate, distinct canals extend from the pulp chamber to the apex (2).

Type V
Type VI
Type VII
Type VIII

One canal leaves the pulp chamber and devides short of the apex into two separate distinct canals
with separate apical foramina (1-2).
Two separate canals leave the pulp chamber, merge into the body of the root,
and redivide short of the apex to exit as two distinct canals (2-1-2).
One canal leaves the pulp chamber, devides and than rejoins into the body of the root,
and finally redivides into two distinct canals short of the apex (1-2-1-2).
Three separate, distinct canals extend from the pulp chamber to the apex (3).
Table 1. Vertucci 's classification, description

78

Stomatološki vjesnik 2015; 4 (2)

Džanković A, Vuković A, Prcić-Konjhodžić A, Hasić-Branković L, Tahmiščija I, Zukić S, Bajsman A

Table 1). There are additional classification systems
for root canal configuration that do not match
Vertuccci's classification such as Kartal et al [10], Gulabivala et al [11] and Sert&Bayirly [4] classifications.
All groups of teeth may have additional roots
and/or canals, but possibility of the existence of
aberrant communication canal is higher in premolars
and molars [12]. Maxillary premolars have the most
complicated apical morphology, the largest number
and diameter of accessory canals (mean value 53.4
microns) [13]. The complex root canal anatomy must
be regarded as one of the major challenges in infection control, because the pulp tissue and root dentin
may be a reservoir for microorganisms and their
toxins [14]. The maxillary first premolar is considered to be most difficult tooth for endodontic treatment due to roots and canals number, the longitudinal grooves direction, different configurations of
the pulp space, and also because of difficult visualization of the apical region by radiography [15]. The
maxillary second premolar is the only tooth of the
permanent dentition which showed all eight possible
configurations of the root canal system [1].
The complications of endodontic treatment are
more often in the teeth with complex root canal morphology. The average dentine width of maxillary first
premolar on the deepest invagination place of developmental groove is only 0.81 mm [16]. The possibility of fracture of the endodontically treated teeth
increases proportionally to the amount of the defected dentin, and the risk is higher in oval or curved
roots such as at maxillary premolars [17].
The data considering root canal morphology of
the maxillary premolars in the Bosnian population
aren't available, therefore the aim of this study is to
perform detailed evaluation of maxillary premolars
internal anatomy in the above mentioned population.

Material and methods
Sample selection
The maxillary first and second premolars, which
were extracted for different reasons, were used as
study material. The final sample consisted of 182
maxillary first premolars (92 maxillary first premolars and 90 maxillary second premolar) exclusively
Stomatološki vjesnik 2015; 4 (2)

taken from the Bosnia and Herzegovina citizens.
Sample collecting was made in 14 cities of the Federation of Bosnia and Herzegovina (in alphabetical
order: Banovići, Čapljina, Gračanica, Gorazde, Kakanj,
Konjic, Livno, Mostar, Sarajevo, Srebrenik, Travnik,
Tuzla, Zenica, Živinice). Teeth with previous endodontic treatment and destroyed crown, damaged
and/or broken root, incomplete root development
and/or resorption were not included in the study.
Clearing technique protocol
All teeth were processed by clearing technique
using method of Robertson et al [18] with modifications. After extraction, the samples were fixed in
10% formalin solution. To remove debris from the
tooth surface, samples were immersed in 5.25%
solution of sodium hypochlorite (Semikem, Sarajevo)
for 24 hours. Pigmentation and concretements were
taken off mechanically using an ultrasonic bath for 20
®
minutes (Pro's Kit , Digital ultrasonic cleaner SS-802,
Techopark, Co., Ltd., Hong Kong). Access cavity was
made and pulpal tissue was removed by immersing
overnight in 5.25% solution of sodium hypochlorite
before being placed into an ultrasonic bath. India ink
(Lefranc&Bourgeois, France) was injected into the
root canals spaces coronary using 27 gauge needle
(Romed® Holland, NL), assisted by vacuum suction
apically. After the ink had dried, the samples were
stored into 5% nitric acid solution (Semikem, Sarajevo) for 5 days with daily solution changing. Demineralization was assessed by needle insertion into the
crown and by periodic radiographs. The samples
were then rinsed under running water to remove
traces of nitric acid, dried, and dehydrated successively using increasing ethanol solutions (70, 80, and
95%; Absolute Alcohol, Semikem, Sarajevo) for 12
hours. Finally, the teeth were rendered transparent
by immersing into methyl salicylate (Semikem, Sarajevo). At the end of the third day, complete transparency was achieved.
Assessment of root canal morphology
Root canal morphology was examined by using
magnifying glass and stereomicroscope x10 (Novex
RZ-series, Euromex microsopes BV, NL). The anatomy of root canal was observed and classified according to Vertucci' classification and additional classifications.
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Root canal type (%) *
Maxillary
premolar

Lateral Anasto- Apical
canals moses delta
(%)
(%)
(%)
Additional
types

Position of apical
foramen

I

II

III

IV

V

VI

VII

VIII

First
premolar
(n=92)

8.8I

18.5

-

56.5

4.3

4.3

1.1

2.2

-

46.7

8.6

1.08

60.86

33.69

Second
premolar
(n=90)

20

31.1

-

20

4.4

13.3

-

1.1

2.2

33.3

23.3

5.5

71.11

23.33

Lateral Central

* Values represent persentage of total. The samples with root canal obliteration are not presented in table

Table 2. Root canal morphology of maxillary first and secon premolar in Bosnian population

Results
The summary of results are shown in Table 2. and
Figure 2. It is evident that the dominant root canal
type of maxillary first premolar is the type IV, identified in 56.5% of cases, followed by the type II
(18.5%). Lateral canals (Figure 3A.) were registered
in 46.7% of the samples and transverse anastomosis
(Figure 3B.) in 8.6% of the samples. The position of
apical foramen of maxillary first premolars was apicolateral at 60.86% of samples, while the apical delta
(Figure 3C.) was seen in 1.08% cases.
The most frequent root canal type of maxillary second premolar is type II (31.2%), followed by the type IV and I (20%). Lateral canals were recorded in
one third of the total samples of maxillary second
premolars, usually in apical region (33.3%). Transverse anastomosis was present in 23.3% of samples,
the apical delta in 5.55% and position of the apical
foramen was apicolateral at 71.11 % cases respectively.
Root canal type could not be identified due the
root canal obliteration in four samples of maxillary
first premolar (4.3%) and in seven samples of maxillary second premolar (7.7%). Root canal type III was
not found in any case of the total sample. One sample
of maxillary second premolar (1.1%) showed Sert
and Bayirli's type IX classification (1-3) (Figure 2H.).
Also, one sample of maxillary second premolar
(1.1%) did not match Vertucci's or any other additional classification. Its root canal configuration is 21-2-1-2-1 and could be describe as follows: two
canals leave the pulp chamber and join at the gingival
third of the root. From merging portion, root canals
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A

B

C

D

E

F

G

H

Figure 2. Transparent root canal appearance of maxillary premolars .
(A) Type I, (B) type II, (C) type IV, (D) type V, (E) type VI, (F) type VII,
(G) type VIII, (H) type IX (Sert's classification)
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separate and join again at the middle third of the root.
Once again, root canals separate and join at the apical
third of root, ending as a single foramen (Figure 4.).

Discussion
The investigation of root canal morphology is
possible using different techniques, but clearing
technique provides the most detailed information [4]
given that it enables three-dimensional observation
and also preserved original form of the root canal.
Therefore, the clearing technique is considered the
gold standard method [19] for studying root canal
anatomy.

Figure 3.
(A) Lateral canal, (B) Transversal anstomosis, (C) Apical delta

Several studies attempted to classify root canal
morphology of maxillary premolars using clearing
technique. Table 3. and Table 4. summarize the main
results of these studies.
The most prevalent root canal type of maxillary
first premolar in Bosnian population is type IV
(56.5%) and type II (18.5%), what was consistent
with previous studies (Table 3.). The exception was
study by Kartal et al [10] which was made in Turkish
population, where the second most frequent root
canal type was type V. Root canal configuration type
III was not found in our study thus corresponding to
results of Vertucci [9], Çaliskan [20] and Kartal [10].
The relatively low percentage (0-5, 9%) of root canal

Figure 4. Additional canal configuration
is observed in this study, type 2-1-2-1-2-1

Root canal type maxillary first premolar (%)
Reference

No. of
teeth

I

II

III

IV

V

VI

VII

VIII

Lateral Anasto- Apical
canals moses delta
(%)
(%)
(%)

Apical foramen
location
Lateral Central

Vertucci et al (9)
(1984)

400
(USA)

8.0

18.0

-

62.0

7.0

-

-

5.0

49.5

34.2

3.2

88.0

12.0

Çaliskan et al (20)
(1995)

100
(Turkey)

3.9

5.9

-

78.4

5.9

5.9

-

-

33.3

17.6

21.6

66.7

33.3

Kartal et al (10)
(1998)

300
(Turkey)

8.6

1.0

-

71.3

14.3

2.3

0.3

1.3

26.0

7.0

7.6

84.6

15.3

Sert&Bayirli (4)
(2004)

200
(Turkey)

10.5

12.5

5.5

61.5

3.5

1.0

1.0

3.0

33.0

12.0

30.7

76.0

24.0

Awawdeh et al (16)
(2008)

600
(Jordan)

3.3

10.2

0.3

79.7

2.0

2.3

-

1.5

19.3

7.0

4.3

40.0

60.0

Weng et al (21)
(2009)

100
(China)

6.3

22.1

3.2

64.2

3.2

1.0

-

-

51.7

*

29.2

*

*

Present study
(2015)

92
(BiH)

8.8

18.5

-

56.5

4.3

4.3

1.1

2.2

46.7

8.6

1.08

60.8

33.6

Table 3. Root canal classification morphology of first maxillary premolar
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Root canal type maxillary second premolar (%)
Reference

No. of
teeth

I

II

III

IV

V

VI

VII

VIII

Lateral Anasto- Apical
canals moses delta
(%)
(%)
(%)

Lateral Central

Vertucci et al (9)
(1984)

400
(USA)

48.0

22.0

5.0

11.0

6.0

5.0

2.0

1.0

59.5

30.8

15.1

77.8

22.2

Çaliskan et al (20)
(1995)

100
(Turkey)

44.0

22.0

6.0

12.0

6.0

6.0

4.0

-

34.0

20.0

26.0

54.0

46.0

Kartal et al (10)
(1998)

300
(Turkey)

48.6

6.3

-

37.9

5.6

0.6

-

0.6

19.0

12.3

52.0

77.0

23.0

Sert&Bayirli (4)
(2004)

200
(Turkey)

32.0

20.0

10.0

25.5

6.0

1.5

3.0

1.5

31.0

20.5

6.5

63.5

36.5

Weng et al (21)
(2009)

100
(China)

27.7

36.9

-

33.8

-

1.6

-

-

68.7

*

43.8

*

*

Jayasimha et al (22)
(2010)

200
(India)

26.2

33.6

1.3

31.1

2.1

1.2

1.0

-

*

19.0

14.0

*

*

Present study
(2015)

90
(BiH)

20.0

31.1

-

20.0

4.4

13.3

-

1.1

33.3

23.3

5.55

71.1

23.3

Tabela 4. Root canal classification and morphology of second maxillary premolar

type VI, VII and VIII were reported in all previous
studies being consistent to our research (Table 3.).
Literature review of maxillary second premolar
internal anatomy has revealed a considerable variation in root canal morphology. The most prevalent
type of root canals in maxillary second premolar is
type II occurring in 31.1% followed by type IV (20%),
and type I (20%). The combination „one root and one
canal“ (type I) was seen in 20% of samples. Similar
findings were seen in studies by Weng et al [21] and
Jayasimha et al [22], but different than results of
earlier studies [9,20,10] where the most frequent
type of root canals was type I. In present study, none
of the samples had type III or type VII root canal
configuration.
Lateral canals were commonly seen among
samples of maxillary premolars in in vitro studies.
Our results, concerning the number of lateral canals
of maxillary first premolar, corresponded to the results reported in both American and Chinese population [9,21], and also, in studies of maxillary second
premolar morphology, corresponding to results of
previous studies by Çaliskan et al [20] and
Sert&Bayirli [4] in Turkish population.
Most of maxillary premolars possess two canals
and ramifications like transverse anastomosis could
be expected. In literature, the prevalence of transversal anastomosis in maxillary first premolars ranged
from 7%-34.2%, and in maxillary second premolar
from 12.3-30.8% (Table 3. and Table 4).
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Apical foramen
location

* no avaible data

Sert and Bayirli [4] reported the incidence of
apical deltas to be 30.7% for first maxillary premolar
while Weng et al [21] reported the incidence of apical
deltas to be up to 68.7% for second maxillary premolar, being significantly higher than results of our
study. The prevalence of apical deltas in Bosnian population was 1.08% in case of maxillary first premolar, respectively 5.5% in case of maxillary second
premolar, similar to the results of Vetucci at al [9].
Apical foramina of maxillary premolars was located
mainly on lateral side of the root and this observation
is similar to those of many other studies.
In this study, additional root canal configuration
was found. As it stated in the study of Awawdeh et al
[16], additional root canal configurations are rare,
but should be kept in mind when carrying root canal
treatment.

Conclusion
Root canal morphology of maxillary premolars
observed by clearing technique is much more
complex than it could be seen in clinical situation.
This study draw attention to the components of root
canal morphology being not visible by using clinically
available methods, although they really exist.

Stomatološki vjesnik 2015; 4 (2)

Džanković A, Vuković A, Prcić-Konjhodžić A, Hasić-Branković L, Tahmiščija I, Zukić S, Bajsman A

References
1.

Vertucci FJ. Root canal morphology and its
relationship to endodontic procedures. Endo
Topics. 2005 March; 10(1): p. 3-29.

2.

Thomas RP, Moule AJ, Bryant R. Root canal
morphology of maxillary permanent first molar
teeth at various ages. Int Endod J. 1993; 26(5): p.
257-67.

3.

4.

5.

Peiris HRD, Pitakotuwage TN, Takahashi M,
Sasaki K, Kanazawa E. Root canal morphology of
mandibular permanent molars at different ages.
Int Endod J. 2008 Oct; 41(10): p. 828-35.
Sert S, Bayirli GS. Evaluation of the root canal
configurations of the mandibular and maxillary
permanent teeth by gender in the Turkish population. J Endod. 2004 Jun; 30(6): p. 391-398.
Thomas RP, Moule AJ, Bryant R. Root canal
morphology of maxillary permanent first molar
teeth at various ages. Int Endod J. 1993; 26(5): p.
257-67.

6.

Gulabivala K, Opasanon A, Ng YL, Alavi A. Root
and canal morphology of Thai mandibular
molars. Int Endod J. 2002 Jan; 35(1): p. 56-62.

7.

Verma P, Love RM. A Micro CT study of the mesiobuccal root canal morphology of the maxillary
first molar tooth. Inter Endod J. 2011 Mar; 44(3):
p. 210–217.

8.

American association of endodontics, AAE.
Glossary of endodontic terms. [Online].; 2012
[cited 2015 Nov 8]. Available from: https://
www.aae.org/clinical-resources/aae-glossaryof-endodontic-terms.aspx.

9.

Vertucci FJ. Root canal anatomy of the human
permanent teeth. Oral Surg Oral Med Oral Pathol.
1984 Nov; 58(5): p. 589-99.

10. Kartal N, Ozçelik B, Cimilli H. Root canal
morphology of maxillary premolars. J Endod.
1988 Jun; 24(6): p. 417-9.
11. Gulabivala K, Aung TH, Alavi A, Ng YL. Root and
canal morphology of Burmese mandibular
molars. Int Endod J. 2001 Jul; 34(5): p. 359-70.
12. Cantatore G, Berutti E, Castellucci A. Missed
anatomy: frequency and clinical impact. Endo
Topics. 2006 Nov; 15(1): p. 3-31.
Stomatološki vjesnik 2015; 4 (2)

13. Cohen S, Hargreaves KM. Pathways of the Pulp.
10th ed. Berman LH, editor. St Luis: Mosby
Elsevier; 2006.
14. Grande NM, Plotino G, Pecci R, Bedini R, Pameijer
CH, Somma F. Micro-computerized tomographic
analysis of radicular and canal morphology of
premolars with long oval canals. Oral Surg Oral
Med Oral Pathol Oral Radiol Endod. 2008 Sep;
106(3): p. e70-6.
15. Pecora JD, Saquy PC, Sousa Neto MD, Woelfel JB.
Root form and canal anatomy of maxillary first
premolars. Braz Dent J. 1991; 2(2): p. 87-94.
16. Awawdeh L, Abdullah H, Al-Qudah A. Root form
and canal morphology of Jordanian maxillary
first premolars. J Endod. 2008; 34(8): p. 956-61.
17. Lertchirakarn V, Palamara JE, Messer HH.
Patterns of vertical root fracture: factors affecting stress distribution in the root canal. J Endod.
2003; 29(8): p. 523-8.
18. Robertson D, Leeb IJ, McKee M, Brewer E. A
clearing technique for the study of root canal
systems. J Endod. 1980 Jan; 6(1): p. 421-4.
19. Neelakantan P1, Subbarao C, Subbarao CV. Comparative evaluation of modified canal staining
and clearing technique, cone-beam computed
tomography, peripheral quantitative computed
tomography, spiral computed tomography, and
plain and contrast medium-enhanced digital
radiography in studying root canal morphology. J
Endod. 2010 ep; 36(9): p. 1547-51.
20. Calişkan MK, Pehlivan Y, Sepetçioğlu F, Türkün M,
Tuncer SS. Root canal morphology of human
permanent teeth in a Turkish population. J
Endod. 1995 Apr; 21(4): p. 200-4.
21. Weng XL, Yu SB, Zhao SL, Wang HG, Mu T, Tang RY,
Zhou XD. Root canal morphology of permanent
maxillary teeth in the Han nationality in Chinese
Guanzhong area: a new modified root canal staining technique. J Endod. 2009 May;35(5):651-6.
2009 May; 35(5): p. 651-6.
22. Jayasimha Raj U, Mylswamy S. Root canal
morphology of maxillary second premolars in an
Indian population. J Conserv Dent. 2010 Jul-Sep;
13(3): p. 148-151.

83

ORIGINAL SCIENTIFIC ARTICLE / ORIGINALNI NAUČNI RAD

PERIODONTAL HEALTH AND ORAL
FINDINGS IN PATIENTS
WITH INTELLECTUAL DISABILITIES
Stefanovska E*1, Zabokova-Bilbilova E2,
Pesevska S1, Mindova S1, Ristoska S1
1

Department of Periodontology and Oral Pathology,
University Dental Clinical Center "St. Pantelejmon", Faculty of Dentistry,
University "Ss. Cyril and Methodius", Skopje, Republic of Macedonia
2
Department of Pediatric and Preventive Dentistry,
University Dental Clinical Center "St. Pantelejmon", Faculty of Dentistry,
University "Ss. Cyril and Methodius", Skopje, Republic of Macedonia

*Corresponding author
Emilija Stefanovska, DDS, MSc, Ph.D.
Department of Periodontology
and Oral Pathology
School of Dentistry
University "Ss. Cyril and Methodius"
Vodnjanska 17
1000 Skopje, Macedonia
e-mail: emistefanovska@yahoo.com

ABSTRACT
Periodontal disease is a chronic pathology caused by many
factors characterized by the progressive destruction of toothsupporting structures. Patients with some types of disability have
a higher predisposition to develop periodontal disease.
Objective: The purpose of this study was to evaluate and compare
the periodontal status of a group of children with intellectual
disabilities with a control group, so as to register the other oral
findings at these groups.
Materials and methods: A hundred patients with mild mental
retardation from Special needs school and 60 healthy patients
ranging from 9 to 16 years were evaluated to determine their
oral hygiene and gingival index, CPITN index and other oral
findings. There was a statistically significant difference (P =
0.001) between all age groups in all variables of Oral hygiene
index, IGI and CPITN index. The oldest age group had the
highest scores for all indices measured. Gingival hyperplasion,
Gingival recession, Geographic and Fissured tongue and Ch.
exfoliativa sicca) were observed as more frequent in ID
subjects than healthy subjects.
Results: The present study highlighted that the oral health status
of this mentally retarded population was poor. It signified that
ID subjects had poor OHS and PS with the highest PTNs and
they were influenced by age (p < 0.0001). The present study
underlines a considerable need for prevention and treatment
of periodontal disease among ID subjects.
Keywords: Periodontal disease, patients with ID, gingival index,
plaque index.
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Introduction
Intellectual disabilities (ID) refers to "a group of
developmental conditions characterized by significant impairment of cognitive functions, which are
associated with limitations of learning, adaptive behaviour and skills". This disorder is considered
chronic and originates before the age of 18. ID
individuals have an intelligent quotient (IQ) score of
about 70 or below. ID often occurs with other mental
conditions such as Down's syndrome (DS), cerebral
palsy (CP), autism spectrum disorders, epilepsy,
traumatic brain injury, Alzheimer's disease, attention
deficit hyperactivity disorder (ADHD), developmental coordination disorder, learning disabilities, and
sensory impairments. ID is divided on the bases of IQ
score measured through standardized general aptitude evaluation tools, such as the Wechsler Intelligence Scales or Stanford-Binet Intelligence Scales.
Various degrees of ID are mild (50 to 69), moderate
(35 to 49), severe (20 to 34), and profound (less than
20) categories. IQ has been used as the sole criterion
for deciding on educational programs for these
individuals [1, 2].
Oral hygiene has been implicated as a casual factor
in development of periodontal disease in ID individuals. These individuals have the highest unattended
dental treatment needs as compared to general
population [3, 4, 5, 6].
Evidence has existed in the literature for decades
that individuals with ID have poor oral hygiene and
higher rate of gingivitis and periodontal disease.
Scientific research on ID in India has been predominant in the form of case reports. There is still paucity
of the literature on ID subjects [7].
The oral health of the ID individuals directly depends on their physical and mental abilities. The oral
health needs of these individuals are multifaceted,
persistent, and expensive, and for various reasons
they are not satisfactorily met. ID deserves the same
opportunities for oral health and hygiene as those
healthy ones. Unfortunately oral health care is one of
the greatest unattended health need of individuals
with ID. Information concerning the oral hygiene
status, periodontal status, and periodontal treatment
needs of individuals with ID is essential to develop
compensatory strategies to promote and protect the
oral health of this vulnerable population and to cre86

ate the best practices for inclusion in dental treatment guidelines.
This study therefore intended to determine the
oral hygiene status, periodontal status and periodontal treatment needs and another oral findings in a
group of patients with ID, (mild mental retardation),
and to compare it with a control group of healthy
children.

Material and method
A study was conducted in 100 ID individuals,
(mild mental retardation, IQ = 50-69), ageing from 916 years, attending a Special Needs school in Skopje,
Macedonia. Control group was composed of 60 healthy children of the same age, attending a rural area
school.
Oral Hygiene Status. Oral hygiene status was
assessed by Simplified Oral Hygiene Index (OHI-S)
which has two components, the Debris IndexSimplified (DI-S) and the Calculus Index-Simplified
(CI-S), which are calculated separately and are summed up to get OHI-S for an individual. The examination was done using mouth mirror and explorer.
The interpretation of index is as follows: good-0 to
1.2, fair-1.3 to 3.0, and poor-3.1 to 6.0 [8].
Index of Gingival Inflammation (IGI), Löe and
Silness: It was recorded at each of four surfaces
(buccal or labial, mesial, distal and palatal or lingual).
The selected teeth are: upper right first molar, upper
right lateral incisors, upper left first premolar, lower
left first molar, lower left lateral incisor and lower
right first premolar [9].
Periodontal Status and Periodontal Treatment
Needs. The Community Periodontal Index of Treatment Needs (CPITN) was used to record periodontal
status and periodontal treatment needs; it was
assessed by CPITN probe [10]. The periodontal status was expressed in terms of Community Periodontal Index (CPI) code and loss of attachment score
(LOA). The specified index teeth for CPITN index
were 16, 11, 26, 36, 31, and 46. Pocket depths were
measured at six sites around each tooth (mesial,
middle, and distal on vestibular and lingual/palatal
surfaces). The highest CPITN scores for the sextants
examined in a person were taken as the respective
CPITN for the person. The individuals were classified
Stomatološki vjesnik 2015; 4 (2)
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into different treatment need categories according to
the highest scores which were recorded during the
examination, as recommended. The assessment was
made as follows: code 0: healthy/TN 0 (no need for
treatment); code 1: bleeding on probing/TN1 (need
for instruction to improve oral hygiene); code 2:
supra-gingival calculus found/TN2 (need for instruction in oral hygiene and calculus removal); code 3:
pocket 4-5mm deep/TN2 (need for instruction in
oral hygiene and calculus removal and/or scaling and
root planning); and code 4: pocket 6mm deep or
more/TN3 (need for instruction in oral hygiene,
calculus removal, and complex periodontal
treatment). Throughout the study only one examiner
conducted the examination and the assistant, who
was trained and recorded the data. Examination was
carried out in school classrooms with a mouth mirror
and explorer under natural light.
Other oral findings: (Gingival hyperplasion,
Gingival recession, Geographic and Fissured tongue
and Ch.exfoliativa sicca was recorded at examined
and control group.
Statistical Analysis. Data was analysed using the
Statistical Package for Social Sciences (6.0 for

Mental
handicapped
children
(examined group)

Healthy
children
(control group)

Age
(years)

Windows; SPSS). The Mean and Standard Deviation
were used to describe the pattern of oral hygiene
status, periodontal status, periodontal treatment
needs, and also for another oral findings among the
groups. The level of significance was set at p < 0.05.

Results
Table 1 illustrates the general profile of the study
population. It shows distribution of study individuals
according to age. There were 100 examined individuals, 62 male and 38 female, ageing range from 916 and 60 control individuals, 27 male and 33 female
of the same age.
Table 2 shows the OHI mean scores in both age
groups. There were high statistical and significant
differences (p< 0,000000) between all age groups.
The oldest age group had the highest OHI score being
2.63 at ID subjects and 1,5 at control individuals respectively. There was a definite trend of mean scores
for all the indices to gradually increase with the
increase in age.

Age (years)

Male

Female

Total

9 - 12

27

13

40

13 - 16

35

25

60

9 - 12

9

21

30

13 - 16

18

12

30

Mental handicapped
children
(examined group)

Healthy
children
(control group)

t

p

X

SD

X

SD

9 - 12

2,20

0,50

2,00

0,52

0,94

13 - 16

2,63

0,43

1,50

0,50

10,84

0,000000

Total

2,46

0,55

1,75

0,57

5,48

0,000001
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Table 1.
Age distribution of examined
(mental handicapped children)
and control group
(healthy children)

0,35
Table 2.
OHI values at examined
(mental handicapped children)
and control group
(healthy children)
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Age
(years)

Mental handicapped
children
(examined group)

p

t

X

SD

X

SD

9 - 12

1,82

0,63

1,11

0,75

5,88

0,00061

13 - 16

2,25

0,43

1,43

0,50

5,88

0,000002

Total

2,08

0,59

1,26

0,66

7,10

0,000000

Age
(years)

Gender

CPITN
(0)

CPITN
(1)

CPITN
(2)

CPITN
(3)

CPITN
(4)

Ukupno

male

0

7

14

6

0

27

female

0

5

8

0

0

13

total (%)

0%

30%

55%

15%

0%

40

male

0

2

12

16

0

35

female

1

7

10

12

0

25

total (%)

1,6%

15%

36,6%

46,6%

0%

60

Gender

CPITN
(0)

CPITN
(1)

CPITN
(2)

CPITN
(3)

CPITN
(4)

Ukupno

male

01

7

1

0

0

9

female

6

10

5

0

0

21

total (%)

23,3%

56,6%

20%

0%

0%

30

male

3

14

1

0

0

18

female

0

9

3

0

0

12

total (%)

10%

76,6%

13,3%

0%

0%

30

t

9 - 12

13 - 16

Age
(years)

9 - 12

13 - 16

Oral findings

Gingival
hyperplasia
Gingival
recession
Geographic
tongue
Fissured
tongue
Cheilitis
exfoliativa
88

Healthy
children
(control group)

X
mental
handic.

X
healthy

SD
mental
handic.

SD
healthy

0,55

0,10

0,50

0,30

0,45

0,10

0,50

0,30

0,35

0,10

0,47

0,30

0,20

0,05

0,40

0,21

0,55

0,15

0,50

0,36

6,30
-6,30
4,90
-4,90
3,62
-3,62
2,65
-2,65
5,40
-5,40

df

p

158

0,000000*

158

0,000002*

158

0,000387*

158

0,008635

158

0,000000*

Table 3.
IGI values at examined
(mental handicapped children)
and control group
(healthy children)

Table 4.
CPITN values at examined
group (mental handicapped
children)

Table 5.
CPITN values at control group
(healthy children)

Table 6.
Oral findings at examined
(mental handicapped children)
and control group
(healthy children)
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Table 3 shows the IGI values at examined (mental
handicapped children) and control group (healthy
children). There was a statistically significant difference (p= 0,000002) between the age groups for
Gingival inflammation index. The oldest age group
had the highest scores for all the indices measured
and mean scores for all the indices tended to increase
gradually with an increase in age.
Table 4 shows CPITN scores of ID individuals at
the age of 9-12 and 13-16 years. With a healthy
periodontium (CPITN=0) at the age of 9-12 years was
0,0 %, respectively at the age of 13-16 it was 1,6% .
The subjects with presence of bleeding on probing
(CPITN=1)) were 30% and 15 % .Presence of calculus
(CPITN=2) was shown by 55% and 36,6 % of individuals. The proportion of individuals with periodontal pocket of 4-5mm (CPITN=3) was 15% and
46,6% respectively.
Table 5 shows CPITN of healthy individuals ageing from 9-12 and 13-16 years. With healthy periodontium (CPITN=0) at the age of 9-12 years there
was 23,3% and respectively at the age of 13-16 it was
10,0%. The individuals with bleeding presence on
probing (CPITN=1) amounted to 56,6% and 76,6%.
Presence of calculus (CPITN=2) was shown by 20%
and 13,3% of individuals. No individual had the score
(CPITN=3) (periodontal pocket of 4-5 mm).
Table 6 shows another oral findings (Gingival hyperplasia, Gingival recession, Geographic and Fissured tongue and Cheilitis exfoliativa) at examined and
control group.

Discussion
Individuals with intellectual disabilities (ID)
constitute an unique but heterogeneous population
including great variety of mental and developmental
disorders as well as congenital syndromes [3]. The
oral health of the handicapped may be neglected
because of their disability, a demanding disease or
their limited access to oral health care. Adequate
maintenance of the oral cavity in most individuals
depends on effective tooth brushing. The poor oral
hygiene leads to periodontal problems and dental caries. Most studies assessing oral health status among
Stomatološki vjesnik 2015; 4 (2)

people with mentally handicapped individuals reported for poor periodontal status, being in accordance with the findings in our study [11, 12, 13].
Dental hygiene is usually poor, with higher occurrence of plaque and calculus [14]. Clinical findings
proved that the plaque index in patients with special
needs was 1.08 and the gingival index was 1.06 in this
study. Gerreth et al. [4] performed a study to evaluate
the gingival and oral status of intellectually disabled
children and adolescent in Polonia and determined a
plaque index of 1.33 and a gingival index of 1.67. These results confirmed findings of other studies concerning the poor level of oral hygiene and a high prevalence of periodontal disease among individuals with
disabilities. Shanb-hog et al. [15] evaluated 488 children between 12-14 years living in five different orphanage houses in Mysore district, India. The GI showed 36.1% of children with mild gingival inflammation and 27.9% with moderate gingival inflammation. Our study, also reports a higher prevalence of
poor oral hygiene and gingivitis in disabled children
than in their normal counterparts, thus agreeing with
previous findings. The mean oral hygiene index of the
population study was 2,46, whereas it was observed
to be in the range of 1,75 among healthy school children (p<0,05). In this study, the presence of calculus
was diagnosed at 55% of patients with disabilities at
the age of 9-12, 36% at the age of 13-16, in 20% of the
control group at the age of 9-12 and 13,3% at the age
of 13-16 years. These rates were lower than the rates
found by Simon et al. [16], who diagnosed calculus in
82.8% of the students evaluated. Donell et al. [17]
performed a study in a centre for disabled patients in
Hong Kong and concluded that calculus was not observed in 4-year old patients, but 20.2% of 14-year
had calculus as did 56.3% of the 25 to 35-year old.
Jain et al. [18], who evaluated 225 mentally retarded
individuals ageing between 12-30 years attending a
special school in Udaipur, India, concluded that
25.3% of the patients had calculus.
Furthermore, the proportion of individuals with
periodontal disease (CPITN=3) in the examined population was observed to be 15 % at the age of 9-12
and 46,6% at the age of 13-16, where the proportion
of 9-12- and 13-16 year-old healthy children without
periodontal disease (CPITN=3) was 0,0%.
The higher score among ID subjects could be due
to their inefficiency to brush their teeth themselves
or dependence of individuals for oral hygiene
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maintenance on parents or caregivers. The mean
OHI-S was found to be increasing with increase in
age. The general increase in OHI scores with increase
in age could be due to cumulative effect of plaque and
calculus. This is consistent with previous studies [19,
20, 21, 22].
A high correlation between poor oral hygiene and
the development and progression of

is higher in special children because of neglected oral
hygiene. There is a need for an educational program
for patients themselves as well as for their parents or
caregivers to improve the quality of life of this
population. Management of ID should be included in
dental curriculum and necessary training should be
given. Constant motivation of the parent and
caregivers is essential to bridge the gap.

Periodontal disease has been well documented
and the role of poor oral hygiene as a risk factor of PD
is well established [7].
In our study another oral findings (Gingival hyperplasion, Gingival recession) was observed as more
frequently at ID individuals than at healthy ones,
resulting from poor oral hygiene and inadequate
tooth brushing technique.
Geographic and fissured tongue is also registered
with prevalence at ID individuals. It is also seen at
Down Syndrome individuals [23]. Fissured or scrotal
tongue consists of various patterns, lengths and
depths: single midline fissure, double fissures, or
multiple fissures of the dorsal surface of the anterior
two thirds of the tongue [24]. This condition is
asymptomatic; however it may cause food impaction
and subsequently halitosis.
This study has highlighted important aspects in
the oral hygiene status, periodontal status, and
periodontal treatment needs of the ID institutionalized population. It has shown that poor oral health is
a major problem for ID and the oral hygiene status of
these individuals seemed to indicate a cumulative
neglect of oral health. The lack of regular dental care,
which is available to normal schoolchildren, was
reflected in the dental status of the disabled when
their oral health was compared with that of normal
schoolchildren. In comparison with normal children,
the disabled individuals were not given enough dental care with respect to their treatment needs. The
study confirmed the need for strengthening organized preventive strategies and care for this population.
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ABSTRACT
Tooth extraction as part of orthodontic treatment is a frequent
intervention in orthodontic clinical practice. There are several
reasons why it is necessary to extract teeth in orthodontic purposes: tooth mass - arch length discrepancy (severe crowding),
bimaxillary dentoalveolar protrusion , skeletal disharmony and
camouflage treatment, pathological conditions, structural and
developmental anomaly of teeth. The indication for tooth extraction is based on strictly established diagnostic protocol.
The aim of this study was to determine the prevalence of certain
indications for tooth extraction in the Department of Orthodontics, Faculty of Dentistry with Clinics in Sarajevo.
Key words: orthodontics, indications, extraction.
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Introduction
Tooth extraction, as a part of the orthodontic
treatment, is still controversial topic seeming to
remain so for long time. At the period when
orthodontics, as a part of the dental profession and
science, is still developing, E.H Angle was the authority strong enough to enforce attitude of non extraction approach to orthodontics. He believed possible
to correctly position all of 32 teeth in the dental
arches and, as a result, the adjacent tissues (bone and
muscle) would adapt to this new position. On the
basis of this belief, he taught his students and treated
numerous cases [1]. Unfortunantly, it becomes clear
that it is impossible to achieve an acceptable result of
treatment and long-term stability in some cases,
without extraction [2].
There are some very real reasons that today's
orthodontists still recommend the extraction of
teeth. The truth is, many orthodontists start treatment without extraction, and then extract only when
faced with the following clinical problems: severe
crowding, bimaxillary protrusion, skeletal disharmony, dental assimetry, pathological conditions [3, 4].

Objective
The aim of this study was to determine the most
common reasons for extraction of permanent teeth
during orthodontic treatment.

Material and methods
The sample was selected from the dental
documentation of the Orthodontic Department at
Faculty of Dentistry, University of Sarajevo. A total of
120 individuals (68 girls and 52 boys), ageing
between 14 and 20 years, were included in this study.
All individuals had full clinical documentation including medical and dental history, orthopantomograms, lateral cephalograms and study casts. This
study did not take into account indications for extraction of third molars.

Results
The results of the study (Figure 2, Figure 3)
showed that the most common reason for extraction
during the orthodontic treatment was crowding of
teeth - 63 individuals (52.5%). The next orthodontic
indication for tooth extraction was orthodontic camouflage and they were carried out in 25 individuals
(20.8%). In 32 individuals (26.6%) tooth extraction
was carried out for: dental asymmetry (11 individuals), caries complications (6 individuals), trauma (5
individuals) and dental anomalies (10 individuals).

Figure 1.
Extraction of teeth due to crowding
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Figure 2.
The incidence rate of indications for teeth extraction.
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or convex profiles (strong, moderate or mild) or
straight profiles. Bimaxillary dentoalveolar protrusion has become more acceptable in today's esthetic
and functional viewpoint. However, if someone's
teeth are too protrusive, the extraction of teeth remains the best orthodontic treatment to reduce this
issue [5, 6].

Figure 3.
The number of extracted teeth.

Discussion
In orthodontics, extractions have been traditionally highly debated and their percentage has displayed considerable variation throughout the years
depending on treatment trends and other various
factors [1, 2]. The most common indication for tooth
extraction in our study was crowding caused by
dentoalveolar disproportion, which were performed
at 63 individuals (52.5%). These results are confirmed by some authors [3, 4]. Tooth mass - arch length
discrepancy should be evaluated in upper and lower
arches, but the lower arch is a priority because of
greater difficulty in obtaining space.
Proffit and Fields developed a guide of contemporary procedures for evaluating extraction in Class I
cases with crowding and/ or protrusion. The authors
suggested that in negative lower arch discrepancies
below 4 mm tooth extraction is rarely required, except in cases of incisor protrusion or posterior
vertical discrepancy. Negative discrepancies in the
lower arch between 5 mm and 9 mm allow treatment
to be performed with or without extraction, depending on the characteristics of the patient and the
orthodontic mechanic-therapy that was used. Finally,
for negative discrepancies of more than 10 mm,
extraction is almost always required, preferably of
first premolars because second premolar extraction
is not suitable for large discrepancies [1].
Another indication for tooth extraction was
orthodontic camouflage; they were performed in 25
cases. Patients can have different degrees of concave
Stomatološki vjesnik 2015; 4 (2)

According to the profile type, we can determine
the need for extractions in orthodontic treatmen.
According to Ramos et al, for each 1 mm of retraction
of the upper incisor the upper lip retracts 0.75 mm. It
is necessary to remind that the facial aesthetics can
not be compromised by orthodontic treatment [7].
With age, profile becomes more concave, and in
better cases ends up with slightly protruded (convex)
profile, in order to prevent the future concavity. Adult
patients should avoid excessive relocation of anterior
teeth towards lingual, because it may highlight creases and wrinkles and may create the impression of
premature aging [8].
If the correction of skeletal (anteroposterior) discrepancy was not successful using the growth modification treatment, re-treatment is required. Tooth
extraction imposed as the only possible solution, that
will camouflage the existing discrepancy. In nongrowing patients (adults and older adolescents), the
extraction of premolars remains a mechanotherapy
to correct maxillary protrusion by retracting the maxillary incisors. In addition, patients who have moderate crowding and Class II occlusions can be successfully treated with the extraction of four bicuspids in
order to correct these problems [9]. The assessment
of dental and facial aesthetic is important factor of
orthodontic diagnosis and treatment planning. Correcting position of the upper and lower dental midlines relative to each other and to the face is one of the
biggest challenges for orthodontist.
The asimmetry between the dental and facial midlines is more noticeable in the upper arch and is
inatractive. Patients with severe dental midline deviation relative to the face require tooth extractions.
In our study eleven individuals (9.16%) had a tooth
extraction due to the correction of midline discrepancies [10]. Small asymmetries can be corrected
with intermaxillary elastics or mini-implants (in
some cases, unilateral mechanics), asymmetric extractions,stripping. This deviation can be the main
reason for many patients to seek orthodontic
treatment [5].
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Several conditions have an important role in the
orthodontic treatment planning. Patients with dental
extensive restorations, incorrect endodontic treatment, different dental anomaly, dental trauma have
indications for tooth extraction. During orthodontics
diagnosis and treatment planning these conditions
should be considered [1,4]. Our results show twenty
one individuals with extracted tooth due to one of
these conditions. Thus, the different conditions greatly contribute to orthodontic treatments with tooth
extractions [3].

Case: extraction versus nonextraction. Historical
revisionism. Part II. Am J Orthod Dentofacial
Orthop 1992;102(7):546-61.
3.

Travess H, Roberts-Harry D, Sandy J. Orthodontics, Part 8, Extractions in orthodontics. Brit Dent
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subdivision malocclusions treated with different
tooth extraction protocols. European Journal of
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Conclusion
The highest percentage of extraction during
orthodontic treatment was carried out because of
severe crowding, but the other reasons for extraction
are not negligible in our clinical practice. The most
important factor for extraction or non-extraction
treatment approach is not preasence or absence of
space, but it is about a matter of maintenance or
improvement of facial aesthetics and result stability.
There are many reasons for an orthodontist to
recommend extractions or non-extraction treatment.
All of the dentists and specialists should continuously
educate themselves to be able to understand the
reasons for different treatment plans for different
patients.
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ABSTRACT
Contemporary endodontics is unimaginable without electronic apex locators (EALs), devices that enable a clinician more
accurate and time-saving positioning of the internal foramen, the
preferable end-point of the root canal instrumentation and
obturation in comparison to radiological method thus reducing
the patient's exposure to radiation. The intention of this paper is
to describe the electrochemical basis of operating principles of
EALs and, also, to provide their classification based on operating
principles together with their advantages and limits. Being familiar with these data, a therapist could achieve the best possible
results with particular EAL in different conditions present in root
canal under the treatment.
Key words: electronic apex locator, root canal length measurement, periapical tissue, tissue impedance
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Introduction
The first idea of electronic method for determining the root canal length was founded by Custer
research in 1918 [1]. He observed possible to determine the position of the root canal apical orifice
benefiting from the fact that electric conductivity of
the tissue surrounding the root tip is greater than the
conductivity inside the root canal. It is also easier to
detect the difference if the canal is dry or filled with
non-conducting fluid such as ethanol. In other words,
enamel, dentine and cement are insulators, while soft
tissues including the periodontal ligament are conductors. In 1942, the research based upon the idea
was taken over by Suzuki [2] who studied the flow of
direct current through dog teeth. He found that there
was a constant value of resistance between the instrument in the root canal and the electrode on the
oral mucosa which, he assumed, could be used for
measuring the length of the canal. Sunada [3] used
those principles to manufacture a simple device for
measuring the length of the canal using direct current. He established that the resistance value for oral
mucosa and the periodontal ligament is constant in
the entire periodontal ligament and has a value of 6,5
kΩ. He also established that the patient's age, type
and shape of the teeth as well as the diameter of the
canal do not affect that value [4].

means that, considering a constant amplitude voltage, the current will change depending on the
frequency of the connected voltage. In biological impedance, an additional problem is in the fact that it is
non-linear, meaning that its values also change
depending on the amplitude of the voltage. The root
canal is surrounded by dentine and cement which are
insulators to the flow of electric current. On the internal physiological foramen, tissue within the canal,
pulp tissue, transforms into periodontal tissue which
conducts electricity. The tissue within the canal (pulp
tissue or fluid) represents resistance (R), the value of
which depends on the length (l), resistivity (ρ) and
the cross-section of the area: R=lxρ/A. When an endodontic instrument approaches the root canal terminus the resistance between the tip of the instrument
and the apical area of the canal decreases, because
the effective length of the resistive material in the
canal decreases (Figure 1) [5].
The electric equivalent scheme of electricity
passing through root canals is more complicated than
the resistor-capacitor model described above and the
exact model is not easy to explain, especially when
anisotropic values of dentine dielectric properties

endodontic instrument
(conductor)

The characteristics of the
root canal electrical circuit
In order to explain the electrical flow inside the
root canal, it is necessary to understand the basics
principles of electro - chemistry. Two basic terms
mostly encountered regarding electronic apex locators (EAL) are electrical resistance and impedance.
When discussing direct current, electrical resistance
(R) is the resistance of the material to the motion of
electrons and is defined with Ohm's law as the ratio
between voltage and current R=U/I. The equivalent
of resistance when discussing alternating current is
impedance Z=U~/I~, somehow more complicated
term. If an electrical circuit features a resistor and a
capacitor in series, the impedance Z of said circuit
will be comprised of ohm resistance and capacitive
resistance and its value is dependent on frequency. It
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dentine and cementum
root canal walls
(insulator)

bone
(insulator)

cross section
of the area (A)
periodontal
ligament
(conductor)

tissue and fluid with
specific resistivity (ρ)

Figure 1. Schematic view of a tooth with regards
to electrical conductivity and resistance
during instrumentation of root canals.
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are considered [6]. When emerging a metal electrode
(equivalent to an endodontic instrument) into electrolyte, an electrochemical reaction called polarization occurs on the contact surfaces of the electrode
and electrolyte, being the principle of operation for
batteries. The metal electrode has a certain internal
potential ϕm, and the electrolyte ϕs, with ϕm > ϕs. The
occurring changes try to compensate for the differential in potential and to bring the system into electrochemical equilibrium. The potential difference can be
compensated in two ways. The first way is to orientate dipole molecules near the surface of the electrolyte which will create surface potential differential ∆x,
and the second is redistribution of electrified particles. The electrons cross from the metal into the
electrolyte where they combine with ions from the
electrolyte. The result is an electric double layer, and
a surplus of positive ions near the metal surface and a
surplus of negative ions in the electrolyte. Between
the electrode and electrolyte, a source of voltage is
created, which depends on the types of metal and
electrolyte. The necessary potential differential ∆ψ
is created to establish the following equality: ϕm - ϕs =
∆ϕ = ∆x + ∆ψ, the consequence of which is voltage.
Aside from forming polarization voltage, the
electrode-electrolyte transition also represents
resistance to electric flow [7-10].

ϕM

ϕS

a

ϕM

The basic electrochemical double layer model
formed in such way was given by H.L.F. Helmholz and
G. Quincke. They assumed that strong adhesive forces
act between unlikely charged particles keeping them
at distance δ, equal to the distance between the metal
surface and the center of the negatively charged ion.
(Figure 2a) [11].
This situation corresponds to a parallel-plate
capacitor separated by distance δ which has constant
capacity (CH) per surface unit where ɛ represent
dielectric constant; and potential decreases linearly
from ϕm to ϕs. The capacity of the capacitor does not
depend on electro-lyte type and imposed voltage
which does not corres-pond to reality.
The next model was proposed by G.Gouy and
D.L.Chapman who assumed that the charge on the
side of the electrolyte is not bound to the surface of
the electrode but is spaced according to the law of
statistical distribution (Figure 2b) [11].
In the electric aspect, the double layer formed between the electrode and electrolyte can be explained
Stomatološki vjesnik 2015; 4 (2)

ϕS

b
Figure 2.
Helmholtz electric double layer model (a)
and Gouy-Chapman's model (b)

as a voltage source with a voltage value depending on
the value of polarization voltage (Upol) connected in
series with the parallel connection of a resistor and a
capacitor. If transferred to a root canal, then endodontic instrument immersed into electrolyte root
canal represents such an electrode and has certain
impedance which can be represented by parallel
connection of a resistor and a capacitor [10]. In
simple words, current goes through the root canal
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EAL
u

i

Electrode 1

instrument electrode
Electrode 2

Lip electrode

Upol

Upol

Zel2

Zel1
Zcanal
Ztissue

and periodontal mucosa and the lip electrode enables
closure of the electric circuit (Figure 3).
Considering that the surface area of the electrode
used for closing the circuit (being attached to the lip)
and the surface area of the tissue to which it is connected to, are much larger, their impedance is considerably smaller than the impedance of the measuring
electrode (the endodontic instrument), thus, it's
influence can be ignored. Therefore, Stare et al. [10]
suggested much simpler circuit model for apex locator measurements as a series of electrode impedance
and root canal resistance. The impedance of the
electrodes is a consequence of the double layer between the electrode and electrolyte and can be described as a parallel connection of a resistor (Rp) and a
capacitor (Cp). Furthermore, in alternating current
circuits, the polarization potentials Upol don't affect

Figure 3.
Electric circuit during measuring with an
alternating current. The EAL (electronic
apex locator) provides voltage, and a circuit
is closed via the endodontic instrument,
the root canal, tissue in the periapex and
surrounding structures, and the electrode tip.
Upol is voltage created as a consequence of
immerging the electrode in the electrolyte
(in this case the canal with i's characteristics),
Zel1 is the impedance of the endodontic
instrument, Zcanal is the impedance of the
root canal which changes dependent on the
position of the instrument in respect to the
apical opening and the filling of the canal.
Ztissue refers to the impedance of the tissue
around the root of the tooth and Zel2 is the
impedance of the electrode attached to the lip.
Upol also forms at the contact point of the lip
electrode and the tissue, which in this case,
acts as electrolyte.

the measurement, so the simplest depiction of the
measurement circuit is a three component equivalent (Figure 4), where Rp and Cp correspond to measuring electrode (endodontic instrument) impedance, and Re corresponds to root canal resistance.

Classification of devices for
determining root canal length (EAL)
Although literature usually cites generation-based classification with 5 electronic apex locator generations [12], and in recent times the sixth generation
is mentioned [13,14], for educational purposes it is
more appropriate to classify the devices according to
their method of operation.

Rp
Re

Cp

100

Figure 4.
Simplified electric model of a tooth: Rp and Cp
– impedance of the measuring electrode,
Re – the resistance of the electrolyte – root canal [10].
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Devices which measure electrical resistance
using direct current are based on the assumption
that the circuit between the endodontic instrument
and the electrode on the lip can be figure out using the
simple resistor model. Although many apex locators
based on electric resistance measurement are relatively accurate in dry-canal conditions, powerful electrolytes, heavy bleeding, pus, or pulp tissue affect
measurement results [15,16]. As soon as the instrument makes contact with electric conducting fluid,
polarizations voltage appears, changing the current
in measuring circuit and varies the tissue resistivity,
leading to inaccurate localization of the internal opening. Another drawback of the direct current device
is the fact that the patient may experience electric
shock. These devices belong to the first generation of
apex locators and are no longer in use. A representative of this generation is The Root Canal Meter
(Onuki Medical Co., Tokyo, Japan) [17,18].
Polarization potential influence can be eliminated
by introducing alternating current used in modern
EALs [19]. The advantage of alternating current is
lower measurement sensitivity and better performance in wet-canal conditions.
Devices based on the comparison of periodontal ligament and oral epithelia impedance: According to the assumption that impedance created as a
result of resistance and capacity between the oral
mucosa and gingival sulcus is equivalent to the impedance between the periodontal ligament (at the
end of the canal) and the oral mucous membrane,
devices were developed to measure these two impedance and to identify the end of the canal when these
two values become equal [20].
One design has electrodes in the canal and the
gingival sulcus connected to an oscillator circuit that
changes frequency due to the change of impedance
when moving the electrode. An instrument with plastic coating is inserted into the gingival sulcus and the
"sound of the gingival crack" is measured. When a
conventional endodontic instrument is inserted into
the root canal and the sound the instrument makes
becomes identical to the "gingival crack" sound, the
work length is determined by fixing a stopper according to the reference point. A disadvantage of these
devices is the need for individual calibration requiring a high level of precision [21]. The device needs to
be calibrated individually for every tooth in its perioStomatološki vjesnik 2015; 4 (2)

Z

f

0 mm

Instrument shift
Figure 5.
Measuring of total impedance: Based on a large number of
measurements, an average value of the total impedance is
calculated at a certain position of the instrument near the root
canal opening. Z –impedance, f – frequency

dontal sulcus. A representative of this device type is
Sono-Explorer (Hayashi Dental Supply, Tokyo, Japan)
[5].
Devices that measure absolute impedance values: Those devices use alternating current with a
frequency of several hundred to a thousand Hz. The
effects of electrode impedance were tried to be reduced with the selection of current and frequency, and
these devices do not require calibration before measurement. Their main drawback is an increased influence of electrolyte so either dry or wet canals are required, it is depending on calibration. A graphic depiction of the change in impedance depending on the
position of the instrument tip is shown in Figure 5.
Device based on capacitive elements measurements use alternating 400 Hz current. In order to
reduce influence of capacitive parameter variability
in the canal, an isolated endodontic instrument is
used. Given that a capacitor's capacity is directly
proportionate to its surface area, insulator covers
most of the instrument and reduces its capacity.
Unfortunately, such a device cannot be used in a
narrow canal because the material covering the instrument is easily abraded, leading to measurement
errors. The device is Endocater (Yamuraura
Seisokoshu, Japan) [22,23].
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Devices based on voltage gradient measurement (impedance difference in three points): The
first generations of locators defined constant resistance as the ending of the root canal. In several surveys, it was attempted to determine constant resistance or impedance in order to locate the ending of
the root canal. However, it was discovered that there
is neither single reference impedance nor constant
resistance for all root canals. According to that, Ushiyama [24] suggested measuring differences in impedance or voltage between segments of a special multiple segment electrode making its way through the
root canal. He concluded that a sudden change of
value determines the position of the instrument on
the apical constriction - the narrowest segment of the
canal. Measuring voltage gradient prevents the presence of powerful electrolytes to disrupt measurements. Disadvantage of devices based on this principle is that they require use of special bipolar electrodes being hard to insert into the root canal. Thus,
such devices are still not commercially available.
Devices that measure impedance differences
of two frequencies: To improve the accuracy of measurements and to reduce the influence of different
parameters, in 1984, a device was developed uses
two frequencies for measurements. It measures the
impedance at each frequency and calculates the difference between the two values. In fact, it measures the
difference in voltages at two frequencies which is
proportional to the differences in impedance. When
an instrument nears the end of the root canal, the
value of capacity grows, likely because of the change
of morphology of the apical segment of the root canal.
The value of the first frequency used in these devices

is five to ten times greater than the second frequency.
Impedance at different frequencies behaves differently when moving the electrode in the canal and
when moving it closer to the apical opening (Figure
6). Calibration of the system is necessary in the
coronary segment of the root canal to remove the
influence of dielectric materials in the canal.
The disadvantage of these locators is that, if they
are calibrated for wet canals, they cannot determine
the canal ending in dry conditions. A representative
of this type EALs is Endex or Apit (Osada Electric Co.,
Tokyo, Japan) [25,26].
Devices that measure the ratio of impedance
at two frequencies determine the location of the
instrument inside the canal by measuring the
impedance at low and at high frequency. Because of
the effects of captivity, the total impedance is reduced
by increasing frequency (Xc=1/2π* f * C). If the ratio of
impedance at two frequencies is used as a measure
for the displacement of the electrode, rather than
their absolute value, then it does not depend on the
electrolyte in the canal. This occurs because of the
fact that the electrolyte fluid is determined by its
dielectric constant. It affects the dividend and the
divisor in the equation in the same way, so the ratio
remains constant. Therefore, the accuracy of
measurement does not depend on the presence of
fluid in the canal or on the fact that the pulp is vital or
necrotic. The lack of a narrowing caused by an open
apical foramen or by an impassable canal affects the
accuracy in reading the root canal ending. The
representative of this group is Root ZX (J. Morita,
Tokyo, Japan) [27-30].

Z

-0,5 mm
0 mm

f1
102

f2

Figure 6.
Graphic depiction of impedance differences
when measuring at different frequencies.
When the instrument is 0,5 mm away from
the outer opening the impedance difference
at the two frequencies has a certain value (∆Z1),
which is different from the impedance
difference at the two frequencies when the
instrument is at the outer opening (∆Z2).
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Devices which use multiple frequencies are
reflections of the aspiration to further develop apex
locators. The principle for these devices operation is
similar to devices using two frequency ratios. Up to
five different frequencies are used, and devices
measure both components (phase and amplitude) of
the impedance for each frequency. They are then
analyzed and the apical constriction is determined by
the sudden change of the dominant component of
impedance (capacity or resistance). Devices belonging to this group of apex locators are Apex Finder
AFA (All Fluids Allowed) and Neosono Ultima EZ
(Satelec Inc., Mount Laurel, NJ, USA).

accuracy is equal to or greater than the accuracy of
the radiological method, which can reduce patient
exposure to radiation without negative effects on
treatment outcomes [33-38]. Knowing the operating
principles of EALs enables the operator to adapt the
measurement conditions to those that best suit
certain device type and provide the most accurate
results, allowing the practitioner to assess the accuracy of results from each individual measurement.

Devices based on determining the elements of
impedance also measure the impedance at two frequencies but use those measurements to determine
the equivalent resistance and capacity. For that purpose experimental tables have been constructed with
statistically calculated values at different positions.
The device uses a complex signal of two frequencies
to measure resistance and capacity. Provided values
are then compared with earlier calculated values in
tables and the position of the instrument in the canal
is determined. The device is Elements Diagnostic
Unit and Apex Locator (SybronEndo, Anaheim, CA,
USA) [31, 32].

This work was part of projects supported by the
Ministry of Science, Education and Sports of the
Republic of Croatia, no. 065-0650445-0434.

Devices that adapt to conditions in the canal by
determining moisture conditions in the canal using
mathematical analysis while penetrating into the
canal, thus adapting the measuring method for either
dry or wet canal. These devices are called adaptive
apex locators. Measurements provided from these
apex locators show the same values in the same canal
independently from the contents of the canal, being it
dry or wet [13,14].
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ABSTRACT
Epulis is benign on the gingiva whose external appearance
resembles a tumor, while histological it looks more like a transitional form of an inflammatory process.
Epulis occurs twice as often in women than in men, and slightly
more frequently and conformity of clinical and histo-pathological
diagnoses is 48%.
Histological examination of epulides indicates that the vast
majority are the fibrous hyperplasias, peripheral ossifying fibromas, epulis gigantocellularis, epulis granulomatosa, epulis fissuratum, epilis gravidarum, epulis haemangiomatosa.
This paper presents clinical and histological features of 2 cases
of epulis and their treatment, with histopathological analysis.
Key words: epulis, therapeutic procedure, histopathological
analysis
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Introduction
Epulis is a benign enlargement (alteratio) on the
gingiva that looks like a tumor, and its histopathological analysis indicates transitional forms of
inflammation.
There are three existing theories in the etiology of
epulis.
The first is that epulis occurs as an inflammatory
response to local stimuli (unadjusted prosthetic,
improper fillings, residual roots, poor oral hygiene
and various other trauma). Cells of the mucoperiosteum respond to such stimuli by forming a specific
granulation tissue.

Figure 1.
Gingival epulis in the area of 12-13

Second theory suggests a benign neoplasm.
A third theory holds that hormonal imbalance
related to pregnancy or hyperparathyroidism act as
the cause of epulis [1].
Epulides occur more often in women than in men,
and the congruence of clinical and histopathological
findings amounted to 48%. Most commonly, it is a
reactive hyperplasia of the connective tissue of the
gingiva or the periodontal ligament.
According to histological analysis and etiology,
epulides are classified as: Epulis gigantocellularis,
epulis fibromatosa, epulis congenita, epulis gravidarum, epulis granulomatosa, epulis fissuratum,
epulis hemangiomatosa [2].

Figure 2.
Post-gingivectomy

It is difficult to clinically distinguish epulis from
malignant tumors or any other lesion on the gingiva,
and a histopathological analysis is essential for
diagnosis.
The aim of this paper is to present clinical and
histological features of 2 cases of epulis and their
treatment, with histopathological analysis.

Case report 1
A 33-year-old female patient contacted Department of Oral Medicine and Periodontology due to
gingival overgrowth in the right maxillary area,
between the lateral incisor and canine (Figure 1).
The patient had fixed prosthetics in the form of dental
crowns, put in place two years ago. Oral hygiene was
satisfactory.
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Figure 3.
Excision of the enlarged tissue
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Following the clinical examination, analysis of Xrays and laboratory findings, the following therapeutic procedure was recommended: gingivectomy
and histopathological analysis of the excised
hyperplastic gingiva (Figure 2 and Figure 3).
Histopathological findings:

Figure 4.
Histopathologic image

Macroscopic findings – The sample was 8x5 mm in
diameter. Clinically, it was a hyperplastic modified
inter-dental papilla. Two cuts of the sample were
embedded in the paraffin block.
Description – Microscopically, on the surface of
the biopsied sample we noted a thickened and multilayer squamous epithelium with elongated epithelial
bars, acantosis and parakeratosis. Sub-epithelial
showed the abundance of plasma cells that formed
confluent nodes. Immunophenotype plasma cells
were CD 38+, CD 138(+/-), Kappa (+) ( Figure 4) .
Histopathological diagnosis - Plasma cell granuloma.
At the control examination after one month, the
gingiva showed no pathological changes.

Figure 5.
Gingival epulis in the area of 41-42

Case report 2
A 45-year-old female patient contacted Department of Oral Medicine and Periodontology for
planning of fixed prosthetics (bridges) in the area of
teeth 44 and 47, as per the referral by a specialist
prosthetic.

Figure 6.
Post-gingivectomy

Other parts of the gingiva and periodontium
showed no pathological changes. Gingival overgrowth was painless. It bled when provoked (during
brushing and eating).
The patient was systemically healthy and had no
hormonal imbalances.
Stomatološki vjesnik 2015; 4 (2)

Clinical examination showed gingival overgrowth
in the area of teeth 41 and 42, with surface erosion
(Figure 5). The patient had no subjective complaints
(pain or bleeding), and did not view the overgrowth
as a significant problem. The patient was systemically healthy and had no hormonal imbalances.
The analysis of panoramic radio-graphs showed
chronic periodontitis with horizontal resorption of
alveolar bone.
Following the clinical examination, analysis of Xrays and laboratory findings, the following therapeutic procedure was recommended: gingivectomy
and histopathological analysis of the excised
hyperplastic gingiva (Figure 6).
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Histological examinations of epulides indicate
that they usually appear as fibrous hyperplasia, peripheral ossifying fibroma, pyogenic granuloma, and
peripheral giant cell granuloma.
Choudhari et al. presented two cases with benign
gingival overgrowth. Histopathological analysis
revealed that one case was fibrous hyperplasia, and
the second case was peripheral giant cell granuloma.
In both cases, the patients were female, systemically
healthy and had no hormonal imbalances [4].

Figure 7.
Histopathologic image

Histopathological findings:

Sample 10x5x3mm, microscopic polypoid
hyperplasia of the fibrovascular connective tissue,
which is imbued with micro-cellular inflammatory
infiltrate, and covered with a thickened squamous
epithelium showing signs of parakeratosis. It was an
inflammatory fibrous hyperplasia which was
removed in toto (Figure7).
At the control examination after three weeks, the
gingiva showed no pathological changes. Continuation of periodontal therapy is planned prior to
prosthetic work.

Discussion
An epulis is a localized gingival growth, typically
starting in the inter-dental papillae. The lesions
which contain relatively little vascularity are focal
fibrous hyperplasia and peripheral ossifying fibroma
which are pink, smooth surfaced elevations that are
usually asymptomatic. Those lesions which contain
numerous vascular spaces (pyogenic granuloma and
peripheral giant cell granuloma) are usually red
smooth surfaced elevations and the degree of trauma
to which they are subjected is often sufficient to cause
focal ulceration and pain [3].
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According to Shah et al, giant cell lesions of the
oral cavity demonstrate variable clinical behavior
and histopathologic features. Peripheral giant cell
fibromas occur only on the gingiva or alveolar
mucosa and are more common in women than in
men. It can occur at any age, but are most common in
children and young adults. The lesions are vascular
and red or purple in color [5]. A number of reports
indicate that minor trauma often precedes the development of the lesions. Careful diagnosis of this
benign tumor is important to avoid unnecessary
aggressive therapy. Conservative surgical treatments
provide an excellent prognosis.

Conclusion
Although the etiology was not exactly determined,
unfavorable oral hygiene and hormonal changes
seemed to be predisposing factors in both cases.
Since the etiology to cause epulis are multifactoral, it
is not easy to determine the exact cause favoring
development of lesion. Epulis is clinically difficult to
distinguish from malignant tumors, or any other
lesions on the gums, so diagnosis requires
histopathological analysis.
In conclusion, for treating such type of lesion, a
complete surgical excision along with its base and
elimination of irritating factors seems satisfactory to
prevent further recurrence.

Stomatološki vjesnik 2015; 4 (2)

Hadžić S, Gojkov-Vukelić M, Pašić E

References
1.

2.

Carbone M, Broccoletti R, Gambino A, Carrozzo
M, Tanteri C, Calogiuri PL, Conrotto D, Gandolfo S,
Pentenero M, Arduino PG. Clinical and histological features of gingival lesions: a 17-year
retrospective analysis in a northern Italian
population. Med Oral Patol Oral Cir Bucal.
2012,17(4):555-61.

3.

Daley T.D., Wysocki G.P., Wysocki P.D. and Wysocki D.M.: The major epulides: Clinocopathological correlations. J Can Dent Assoc. 1990;
56(7):627-630.

4.

Choudhari P., Kamble P.,Jadhav A. Gingival Epulis:
Report of Two Cases. JDMS 2013; 7 (3):40-44.

5.

Shah M, Rathod CV, Shah V.Peripheral giant cell
fibroma: A rare type of gingival overgrowth. J
Indian Soc Periodontol. 2012;16(2):275-7.

Kamath KP, Vidya M, Anand PS. Biopsied lesions
of the gingiva in a southern Indian population - a
retrospective study. Oral Health Prev Dent.
2013;11(1):71-9.

Stomatološki vjesnik 2015; 4 (2)

111

CASE REPORT / PRIKAZ SLUČAJA

SEQUENTIAL THERAPEUTIC APPROACH
FOR ENDODONTIC-PERIODONTAL
LESION IN PATIENT WITH CHRONIC
PERIODONTAL DISEASE - CASE REPORT
Todoroska S*¹, Atanasovska-Stojanovska A¹
1

Department of Periodontology and Oral Pathology,
University Dental Clinical Centre "St. Pantelejmon", Faculty of Dentistry,
University "Ss. Cyril and Methodius" Skopje, Republic of Macedonia

*Corresponding author
Sashka Todoroska
Department of Periodontology
and Oral Pathology
University Dental Clinical Centre
"St.Pantelejmon"
Faculty of Dentistry
University "Ss. Cyril and Methodius"
Mother Tereza 17, 1000 Skopje
Republic of Macedonia
Phone: +389(02)3299041
E mail: saska_todoroska@yahoo.com

ABSTRACT
Periodontal disease in its final phase results with loss of the
supportive dental tissues. Because of the anatomic and vascular
proximity dental pulp is compromised too. Sometimes, untreated
primary endodontic lesion becomes secondarily involved with
periodontal breakdown. In such case, endodontic treatment
won't result in complete healing and additional periodontal
treatment should be performed.
Objective: This case report shows sequential combined endodontic - periodontal surgical procedures with ultimate goal to
save a tooth previously defined as hopeless and to improve
therapy outcome for conducted periodontal treatment.
Methods: Modified Widman flap was raised on the upper left side,
careful scaling and root planning over the anesthetized tooth
were conducted and in all bone defects Bio-Oss® was implemented. Two weeks later the same procedure was conducted
on the upper right side.
Results: At the control visit we have noticed improvement in all
clinical parameters and patient doesn't complain to pain. For
the tooth number 16, final endodontic treatment was referred.
Tree month's later we recorded reduction in pocket depth and
gain in clinical attachment level.
Conclusion: Combining periodontal regenerative and endodontic microsurgery, we have achieved positive results in prolonged tooth sustain, and benefit to periodontal therapy.
Therapy conducted to resolve the inflammation, to influence
the microbes responsible for the infection, and the use of BioOss® in order to stimulate bone regeneration, enables
clinician to deal with complex problem such endo-periodontal
lesion is, and to achieve better results.
Key words: Endodontic-periodontal lesions, diagnosis and treatment, periodontal surgery, Bio-Oss®
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Introduction
Pulpal problems and simultaneous inflammatory
periodontal disease complicate diagnosis and
treatment planning. This is the case report for the
patient with pulpal disease, tooth loss and advanced
periodontal disease.
The pulp has good capacity to defense itself as
long as the blood supply trough apical foramina is not
disturbed. Periodontitis is chronical inflammatory
lesion which begins in the marginal gingiva and
extends apically, causing attachment loss and periodontal pocket formation. Appropriate endodontic
therapy is sufficient for healing of the primary
endodontic lesion. In rare cases an abscess of pulpal
origin through the apical or lateral canal may
establish drainage through the periodontal ligament
and erupt into the furcation or the gingival sulcus and
in such situation fistula cannot be observed [1,2]. For
that, it is necessary to differentiate the symptoms of
the pulpal disease from those of the periodontal
abscess.
Detailed history, careful clinical and radiographic
examinations are needed to assess the contribution
of each lesion and to bring a proper treatment
sequence that will give optimal therapeutic result.
While the endodontic treatment is predictable, the
periodontal component of a combined lesion is more
difficult to resolve. The prognosis for a tooth with
combined lesion is related to the extent of the periodontal attachment loss. When a periodontal lesion is
advanced and a bony defect comprises more than one

Figure 1. The tooth 16 with deep periodontal pocket
and endodontic lesion under treatment
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wall, the success of the therapy depends on the ability
to regenerate the attachment levels [1-4]. Bone has
good regenerating capacity but limiting factor is lack
of appropriate space maintenance for the bone
formation. Bone graft materials are used to enable a
new bone formation. Osteoconductive materials play
roll as a scaffold for the bone growth. They allow
formation of a new bone along the graft material surface bridging the defect that wouldn't be able to be
filled with bone [5,6].
Bio-Oss® has shown as effective bone graft material for a local augmentation. Because of its similarity to the human bone it is highly successful in helping new bone to form and it is very well accepted by
the defense mechanisms as a friendly graft [7-9].

Case description and clinical picture
development
A 42- year- old male, was referred to the Clinic for
Oral Pathology and Periodontology within the PHO
University Dental Clinical Centre, with pain coming
from a deep periodontal pocket in the upper right
quadrant, around the tooth 16. The tooth was already
under endodontic treatment (Figure 1.). Patient
complained for bleeding when brushing, annoying
pain around all teeth for about a month. Patient's
medical history was not contributing and dental
history gave information about previous periodontal
treatments for more than ten years. Patient doesn't
smoke and doesn't take any other therapy.

Figure 2. Radiograph image showing
the greatest bone loss around the tooth 16
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Figure 3.
Panoramic radiograph image showing
generalized horizontal bone destruction
and vertical bone loss around teeth
16, 26 and 45

Periodontal examination showed generalized
gingival inflammation - GI=3, sulcus bleeding index SBI=4 (Muehlemann and Son), probing depth - PD= 7
to 9 mm, clinical attachment loss - CAL= 9 to 11 mm
and dental luxation - DL=2. Radiograph image
showed the greatest destruction around tooth 16
(Figure 2.) where probing revealed grade II furcation
defect according to Glickman's classification of
furcation involvement [1]. Panoramic radiograph
image (Figure 3.) showed generalized horizontal
bone destruction in almost all quadrants i.e. 16, 26
and 45. Based on the clinical history and clinical and
radiographic examination, diagnosis of a chronic
generalized periodontitis with abscess in progress
around the tooth 16, was determined [2].
Figure 4.
Flap adapted near the teeth and fixed with single sutures

Treatment approach

Figure 5.
Flap adapted near the teeth and fixed with single sutures
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At the first visit a whole mouth treatment with
meticulous scaling and root planning were obtained,
directions for good oral hygiene were given and
antibiotic were prescribed [3]. Two weeks later,
clinical parameters were improved and appointment
for periodontal surgery to the upper left side from
tooth 11 to 27, was scheduled. After standard
disinfection, operative region was anesthetized by
infiltration injection of 2% Lidocaine Adrenaline.
Modified Widman's flap [4-6] was raised and careful
scaling and root planning on teeth 11, 21 - 27.
Surgical region was rinsed with 0, 9% saline, vertical
bone defects were filled with Bio-Oss® [7-9]. Flap
was adapted near the teeth and fixed with single
sutures (Figure 4 – 6.). A day prior to the procedure,
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patient was protected from infection spreading with
amoxiclave (1000 mg. tablets, twice daily) [10] for
five days. Ten days later, clinical findings were fair,
patient had no pain (Figure 7.).
Two weeks after, the same procedure was
implemented on the right upper side. After removal
of the stitches the final endodontic treatment on the
tooth 16 was recommended in accordance with the
adopted doctrine. Detailed instructions for meticulous oral hygiene at home were directed and monthly
control appointments were suggested [11-13].
Postoperative results were evaluated three
months later and remarkable improvements were
recognized in all clinical parameters. We recorded
clinical reduction in pocket depth - PD=5 to 6 mm, CAL=8 to 9 mm, - DL= 1. (Figures 8-11.).

Figure 6.
Flap adapted near the teeth and fixed with single sutures

Patient was referred for recall visit in sixth month
for repeated notification of the clinical parameters
(Figure 12).

Discussion
When there is a doubt whether it is periodontal or
it is an endodontic origin of the lesion or both, we can
follow the treatment strategy recommended for
combined lesions [14-16].
According the vitality of the pulp, if the pulp is vital
periodontal treatment should be conducted [14, 15],
if the pulp has no vitality endodontic treatment has to
be taken [16]. And if there is endodontic-periodontal
origin of the lesion and the pulp is no vital, therapy
starts with endodontic treatment and afterward
periodontal treatment should be included. There are
many case reports where using regenerative
periodontal techniques showed positive outcome for
endodontic-periodontal lesions [17].
In this case endodontic therapy was started
previously, periodontal therapy and bone grafting
were done to favor periodontal regeneration [18,19].
We used Bio-Oss® as bone graft material. It is
biocompatible and osteoconductive material that
enables surface conductive to new bone formation.
Bio-Oss® particles are incorporated over time within
living bone which provides long-term volume
preservation [20-22].
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Figure 7.
Ten days later: Fair post-treatment
clinical findings and patient had no pain.

Figure 8.
Three months later – Remarkable improvements in all
clinical parameters: PD = 5 to 6 mm, CAL =8 to 9 mm, DL= 1
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Figure 9.
Three months later – Remarkable improvements in all
clinical parameters: PD = 5 to 6 mm, CAL =8 to 9 mm, DL= 1

Figure 12.
Follow-up radiograph at 4 months reveals bone fill around tooth- 16

Figure 10.
Three months later – Remarkable improvements in all
clinical parameters: PD = 5 to 6 mm, CAL =8 to 9 mm, DL= 1

Figure 13.
One year after the operation

Figure 11.
Three months later – Remarkable improvements in
all clinical parameters: PD = 5 to 6 mm, CAL =8 to 9 mm, DL= 1
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Two weeks later epithelial attachment was
established but complete bone formation is expected
6 months after periodontal surgery. Very important
phase is maintenance and it starts before the surgery.
Patient was advised for further meticulous oral
hygiene. Instructions were given on what means he
should choose and how to use them in order to
achieve best results in the phase of the maintenance.
Patient was advised for monthly checkups for
permanent control over the surgery results [23, 24].
One year after the operation, clinical findings are still
fair and the patient is interested in surgical treatment
for the teeth in the lower jaw (Figure 13.).
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Conclusion
Progression in periodontal disease leads to bone
loss and periodontal break down. It also has a
potential to endanger dental pulp. It is not always
easy to establish diagnosis of teeth with endodontic
and periodontal combined problems. Beside clinical
experience and scientific knowledge of the clinician,
proper diagnostic tests and various diagnostic aids
has to be used in order to achieve accurate diagnosis.
Good clinical and medical history is essential.
Endodontic treatment and periodontal restorative
therapy induces tissue regeneration and results in
reduction in probing depth and gain in clinical
attachment level. A multidisciplinary approach and
combining periodontal regenerative and endodontic
microsurgery, good therapeutic effect and best
outcome for endodontic-periodontal lesion can be
achieved, as it was in our case study.
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