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Abstract
Background. From 1 to 4 fixing screws can be used clinically for rigid fixation of a mandibular condyle
fracture, but contrarily, there is an opinion that insertion of even 3 screws in this region is technically impossible. On the other hand, the application of a single screw is the simplest technique. But if it is rigid?
Objectives. Evaluation of the rigidity of titanium lag screw fixation in a mandible high condyle neck fracture.
Material and methods. A numerical analysis was performed using a model of a high condylar neck fracture. Fixation by 1, 2 or 3 lag screws were tested. The equivalent stress (S) distribution and displacement (D)
of the fracture fragments were calculated.
Results. S = 464 MPa in 1-screw fixation and was spread widely in the condylar head (137 MPa) and
downward in the distal mandibular fragment. In the 2-screw fixation, the anterior screw was more stressed (S = 319 MPa). Stress concentration in the condylar head was observed around the anterior screw
(211 MPa) and spread toward the sigmoid notch in the distal bone fragment. The best biomechanical
situation was in the 3-screw fixation (S = 222 MPa). The area of stress in the condylar head was limited
and low (108 MPa), and the distribution of equivalent stress in the rest of the mandible was close to normal during mastication. Normal bone elasticity presented in the condyle neck was 9.6 ±3.7 μm during
the occlusal load. In 1 screw D = 558 ±245 μm, for 2 screws D = 218 ±81 μm, and for the 3-screw fixation D = 217 ±144 μm. Two and 3 screw fixations were statistically better than the 1 screw rigid fixation
(p < 0.001).
Conclusions. Open fixation by two 2.0 mm diameter lag screws is sufficiently rigid. The use of more screws
seems to be unnecessary.

10.17219/dmp/75907

Key words: fracture, lag screw, mandibular condyle, rigid fixation
Copyright
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Fractures of the mandible are the most common injuries
in maxillofacial traumatology and its condyle fracture is
the most frequent one.1 As far as treatment is concerned,
mandibular condyle fractures are still treated conservatively.2 However, open internal rigid fixation (ORIF) treatment allows restoration of vertical ramus height, i.e. prevention of occlusal disorders, anatomical position of the
bone fragments and the disc, physiological function of the
disk and condyle3 as well as that of the lateral pterygoid
muscle that allows immediate functional movement of
the jaw, avoids ankylosis of the temporomandibular joint
induced by trauma and yields a pain-free result for the patient.4,5 Several techniques have been proposed to reduce
and fix the fractures, such as standard bone screws and
plates and a long lag screw, by promising biomechanical
fixation.6–11 On one hand, the highest neck fractures (just
lower than a C-head fracture12) extend below the condylar head, leaving a small neck fragment connected to the
head that enables the possible application of lag or positioning screws (Fig. 1), or on the other hand, the application of a dedicated plate. Investigation of the first fixation
technique is the subject of this study, due to its high effectiveness13. The second issue is how many screws should
be applied. One, 2 or 3 fixing screws can be used clinically
(Fig. 2). There is the opinion that insertion of 3 screws in
this region is technically impossible.6
Also, studies on the use of bioresorbable osteosynthesis
materials for condyle fractures should be mentioned.14–17
They lead to the conclusion that resorbable materials do
not yet seem as strong as titanium ones. Titanium alloy
seems to be the only available material that can bear occlusal loading.14,17 The only exception is a result obtained
by Xin’s18 team in finite element numerical simulation, but
there the maximal equivalent stress observed in 2-screw
type B head fracture fixation was as low as only 2.8 kPa per
screw, which would allow for the application of any kind of
polymeric long screw. But comparing to other papers14,15
it seems to expose their numerical model limitations.

Fig. 1. The high condylar neck fracture examined in this study is located just
below the head fracture type C [35] marked by a green line in the top left (A)
and marked in line with the highest neck fracture (B) in the top right [10], and
below: C – ORIF by dedicated plate [31], D – ORIF by headless bone screws [25]

M. Kozakiewicz, J. Świniarski. Condylar neck fracture fixed by lag screws

Fig. 2. Open rigid internal fixation of condylar head fracture. The injury can
be fixed by 1, 2 or 3 2.0 lag screws. Application of 1 screw is the simplest way.
Three-screw insertion is the surest

The objective of this study was the evaluation of the rigidity of titanium lag screw fixation in a mandible high
condyle neck fracture.

Material and methods
The design of a screw of 16-mm length combined
with a diameter of 2.0 mm was used in this study. The
lag screw was designed to possess the top 40% of its
length covered by the thread, and the remaining part of
the shaft was smooth. A high condylar neck fracture was
fixed with stabilization by 1, 2 or 3 lag screws made of
medical titanium alloy grade 5 (Ti6Al4V). The Young’s
modulus and Poisson coefficient were 104 GPa and 0.3,
respectively. The screws were applied to the right-hand
side of the mandible.
The boundary conditions (Fig. 3) were based on the
series of previous studies.19–22 The loads were applied
for a mouth minimally interincisal open (5 mm)19
that induces the most stress in the condyle. Five main
muscle force and action directions were developed
according to the literature:20,21 main temporalis action: X = 0.064 N, Y = 0.37 N, Z = –0.13 N and medial
temporal action: X = 0.97 N, Y = 5.68 N, Z = –7.44 N,
deep masseter action: X = 7.776 N, Y = 127.23 N,
Z = 22.68 N, superficial masseter action: X = 12.873 N,
Y = 183.5 N, Z = 12.11 N, action of medial pterygoid:
X = 140.38 N, Y = 237.8 N, Z = –77.3N. The force and
direction were based on magnetic resonance data of
humans.19 The models used tetrahedral linear elements with 3,200,000 degrees of freedom. The nonlinear strain solver and material properties were linear. Dentition in such models had no biomechanical
value according to the literature,19,21 thus it was omitted. The cortical bone Young’s modulus 14.7 GPa, cancellous bone 0.7 GPa and a Poisson coefficient of 0.3
were used according to experimental validations.21–23
Assumptions for fracture were:
1) the high condylar neck fracture (AO classification code:
91P.m.N0)12 was fixed with 1, 2 or 3 lateral oblique lag
screws (Fig. 4–5),
2) the gap between bone segments was 0.32 mm,
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Fig. 3. Reference model and loading configuration (vectors of faces applied). Normal stress (compression and traction) distribution in the mandible after occlusal load

3) the contact between the screws and bony segments
was defined as a bonded type in the threaded region
and a sliding one in the non-threaded screw core (lag
screw action),
4) the contact between the surfaces of the 2 segments was
defined according to Xin.18
The study was done in Ansys® R14.5 (Ansys, Inc., Canonsburg, USA). The stress and displacement in the fracture
line were analyzed on the external surface of the mandible
as well as on both surfaces of the fracture fissure. After
loading, the distance between fracture fragments increased
in all 3 fixation methods. A Kruskal-Wallis test was performed. The method of fixation was established as the factor and relative displacement of fracture fragments as the
dependent variable. Statgraphics Centurion XVI (Statpoint
Technologies, Inc., Warrenton, Virginia, USA) was used,
and statistical significance was indicated by p < 0.05.

Results
Fig. 4. Model and general biomechanical solutions for 2.0 mm lag screws.
Global (left) and local results (right). Condyle high neck fracture reduced and
fixed by one lag screw after occlusal load presents maximum equivalent
stress. Stress propagation in the mandible bone – right: bidirectional
spreading of the stress in the condyle neck in the case of one lag screw (top);
the stress travels anteriorly to the sigmoid notch in the case fixed by two lag
screws (middle). Three lag screw fixation (bottom) is similar to the reference
distribution (Figure 3) of an unaffected mandible (the most rigid fixation)

Fig. 5. Stress distribution in screws. The maximum stress is at the site of
bone segment contact in the single screw modality just below the screw
head (434 MPa). The second screw takes the maximum stress, but when
two screws are applied, it is much less than in the one screw fixation
(319 MPa). In the three-screw case, the second screw still has the highest
stress, but it is less than in the previous case load (222 MPa)

After occlusal loading, calculations revealed in a normal
mandible (Fig. 3) a maximum stress of red max = 72 MPa
located in the alveolar ridge. On one hand, the stress
in the condyle region can be described as a response to
a muscular force in the glenoid fossa, and on the other
hand, as compression (in the posterior border) and traction (in the sigmoid notch). Thirteen megapascals of
compression were observed in the posterior part of the
ascending ramus, with a maximum at half of the height.
A higher equivalent stress, approx. 25 MPa, was detected
in the traction region, i.e. the sigmoid notch. The regional
maximum was located there in the subtle medial aspect.
All fracture models fixed by lag screws (Fig. 4–5) demonstrated that after loading, the distribution of stress was
concentrated in the most anterior screw. Distribution of
the equivalent stress according to the Huber-Hencky-von
Mises theory of the FEA model of the mandible affected

M. Kozakiewicz, J. Świniarski. Condylar neck fracture fixed by lag screws
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with a high condylar fracture revealed the following maximum equivalent stress in the bone: 364 MPa, 226 MPa
and 197 MPa for 1- 2- and 3-2.0 mm-screw stabilization,
respectively (Fig. 4). The maximum equivalent stress
red max = 464 MPa in 1-screw fixation (located in the
screw material) was spread widely in the condylar head
(red = 137 MPa) and downward in the distal (i.e. main)
mandibular fragment.
Mechanical improvement was noticed in the 2-screw
fixation. The lower screw was more stressed but in a decreased amount (red max = 319 MPa) compared to 1-screw
fixation. Stress concentration in the condylar head was
observed around the lower screws (red = 211 MPa) and
spread towards the sigmoid notch in the distal fragment.
The most valuable biomechanical situation among the
tested models was the 3-screw fixation of the fracture.
It was only red max = 222 MPa located in the lowest screws
in the inferior aspect. The area of stress in the condylar
head was limited and small (red = 108 MPa), and the distribution of the equivalent stress in the rest of the mandible
was close to normal unaffected bone during mastication.
Normal bone elasticity present in the condyle neck was
9.6 ±3.7 μm during an occlusal load (Fig. 3). It had the lowest displacement among all the tested models, with high
significance (p < 0.001). The mean relative displacement
of fracture fragments along the fracture line with 1 screw
applied for ORIF was 558 ±245 μm, while for 2 screws,
the displacement was 218 ±81 μm, and for 3 screws, it was
217 ±144 μm. Detailed 4 direction displacement is shown
in Table 1 and Fig. 6. Thus, the one screw fixation was
the worst method for facture stabilization. Both 2- as well
as 3-screw fixations were similarly efficient stabilization
methods. Moreover, both 2- and 3-screw fixations were
statistically better than 1-screw rigid fixation (test statistic = 23.69, p < 0.001).

Discussion
First, it should be noted that “there is no defined anatomic border line between the condylar neck and the condylar head”.12 This can lead to the intuitive classification of
all fractures that are fixed by lag/positioning screws as head
fractures, but there are neck fractures that can be osteosynthesized with plates or lag screws (Fig. 1). A fracture “reTable 1. Mean relative displacement during occlusal loading in fracture
fissure after rigid fixation of high condylar neck fracture by lag screws.
Reference describes normal condyle neck bone elasticity during biting
Location of
measurement
Anterior (μm)
Lateral (μm)
Posterior (μm)
Medial (μm)

Number of applied lag screws

Reference

one

two

three

267

209

195

8

313

213

77

17

1041

336

479

7

530

76

77

5

Fig. 6. Mean relative displacement between fracture fragments in the series
of studied internal fixation

maining caudal to the condylar head reference line” is a neck
fracture.12 That important line is located just below the
“bony substance of the lateral condylar head” pole zone,12
and fractures located below can be fixed by lag screws.
Surgical interventions using mini-plate osteosynthesis
and a lag screw can be used for fixation of condyle fractures. Surgical osteosynthesis is especially recommended
in patients with high condylar fractures or dislocated fractures to achieve ideal anatomy and function.9,24–27 Ideas
for rigid internal fracture fixation in the condylar area
(base, low neck, high neck, and head) have significantly
changed in the last decade,25–29 but the issue of optimal
stabilization of the reduced fracture remains unclear because even classical fixations can have unknown biomechanical (mathematical) solutions,30 and moreover some
authors suggest that 3 lag screws with 2.0 mm diameters
are impossible to insert in to a condyle fracture.6 Thus,
the topic of condylar fracture osteosynthesis remains
highly controversial and challenging.
The major principle in all fracture treatments is perfect reduction, but generally, it cannot be maintained
post-operationally without suitable fixing materials.14
Fractures of fixing materials have been described in the
literature.31 It is hypothesized that the main reason is improper reduction.32 Lag screw fixation is very stable7 and
reduction is much simpler compared to plate application.
Thus, reduction and fixation are involved with each other.
Therefore, the crucial issue is how to achieve reduction
and fixation effectively in high condylar fractures. It has
been possible to avoid complications and achieve proper
results in the treatment of fractures of the mandibular
condyle by applying lag screws as individual anatomical
characteristics are considered32 and application of screws
are appropriate for the occlusal load.14 Previously, titanium screws with diameters of 2.0 mm, 1.7 mm and 1.2 mm
were tested in their physiological limits,14 and the smallest
one was rejected as material that was not capable of bearing occlusal loadings up to 200 N, while there is no doubt
that the 2.0 mm system is adequate for fixation.
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With lag screw application, it has been shown that the
major factor in the extent of the trauma relating to surgical access was the reduction of fracture fragments.
The method ensured stable fixation of the fracture with
a minimum amount of osteosynthesis material while reducing the operative time;33 this was confirmed by computerized tomography and magnetic resonance imaging.4
Lateral lag screw insertion and articular disk reduction are
mandatory in anatomical and functional recovery of the
temporomandibular joint in patients with condylar process fractures.4,10 Moreover, lag screws can be more easily
removed after 3 months of healing than can a plate, due to
the lack of need of a wide surgical approach. These metal
parts should be removed from the body of the patient because of possible soft tissue irritation and consequential
bone resorption. Thus, in border cases (high neck fracture/type C head fracture) where lag screw or plates have
possible applications, the lag screw is the better choice.
The biomechanical results obtained in this study present satisfactory control of stress propagation in the region
surrounding the fracture line after lag screw fixation.
The thinnest bone is located in the lateral part of the distal bone fragment, i.e. the closest distance between the
condyle bone surface and the screw, but it is within safety
limits (minimum 3 mm of cortical bone). Furthermore, in
the distal bone fragment, the highest stress is located on
the medial side.
After application of 3 lag screws, high condylar neck
fracture fragments can be reduced properly. As was previously mentioned,20,34 the difference between the rigidity of fixation in plated cases can be explained as the dependence on a number of fixing screws in the proximal
fragment (i.e. condylar head). The 2-screw modality is the
weakest method for fracture fixation, while 3-screw is better and 4-screw is the strongest rigid fixation by a plate.
In contrast, the application of 2 lag screws is nearly the
same as 3 lag screws as far as bone fragment displacement
is considered. This can be explained by the number of the
remaining screws in the case of plates. In contrast to a lag
screw, where there is a maximum of 3 screws, there are
many fixing points in a plate screwed to the distal fragment. Moreover, bearing all this in mind, it would be better
if one could apply longer screws in the proximal fragment.
The thickness of bone in the distal fragment (especially in
the sigmoid notch region) does not permit using screws
longer than 6 mm in length, but it is worth using longer
screws in the proximal fragment or, even better, the lag/
headless screw if possible.28,33
The application of 1 lag screw gives very rigid fixation
compared to even a very stiff plate.34–36 Experience with
15 mm or 17 mm lag screws showed that two 2.0 mm lag
screws were enough for stable osteosynthesis, but a single
screw was not adequate because of its inability to eliminate the rotation of reduced bone fragments.37 The main
advantages of lag screw fixation are the greatest stability,
short surgery duration and reduced articular scarifica-
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tion. The usage of mini-plate requires a wider surgical approach, denudes a bigger bone surface and is more complicated surgically. Moreover, the morbidity to soft tissue
is lower in the lag screw applications.18 In contrast to long,
all-length-threaded positioning screws that can maintain
the spacing between bone segments, a lag screw has the
advantage of tightening bone segments to each other.
On one hand, increasing the fixing screw number improves the rigidity of bone fragments,37 (Fig. 4 and Table 1), but on the other hand, it makes the technical aspect of surgery more complex. It is possible to damage
bone iatrogenically when the operator is trying to install
the 3th lag screw. For the best mechanical advantage, in
the opinion of the authors of this study, the application of
2 2.0 mm lag screws provides rigidity and prevents rotation of the proximal fragment.
Surprisingly, utilization of lag screws is not as frequent
as its effectiveness would indicate; it is used in only 6% of
all mandibular fractures.13 The first reason is most likely
that it requires a more difficult choice in angulation compared to simple short plating screws and possibly indicates a low faith in the rigidity produced by only a few
fixation screws.

Conclusions
Open fixation in a high condylar neck fracture by
2 2.0 mm diameter lag screws is appropriately rigid. The
use of 3 screws is possible but gives only minimal improvements, and the clinical application is much more
difficult than that with 2 screws; thus, such fixation seems
unnecessary.
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Abstract
Background. Cycling is a very popular type of activity in our times. People of all ages use bikes for many
purposes like sport, entertainment or as means of transport. Unfortunately, this activity exposes cyclists to
more frequent injuries of the face and head region.
Objectives. The aim of this study was to characterize bike-related injuries with special consideration to the
injuries to the facial region. Secondly, we investigated the impact of wearing helmets on head and facial
region traumas.
Material and methods. In our retrospective research, we analyzed 41 patients (28 men and 13 women)
aged between 33.2 ±13.3. The data included in our study concerned the age, sex, duration of hospitalization, type of bike, types of injuries and fractures, cause of injury, circumstances, place and type of accident,
wearing helmet during injury and the occurrence of brain concussion.
Results. Men were the most prevalent in the analyzed group of patients (68.3%). Dental traumas were
the most commonly observed type of injuries – they were diagnosed in 21 out of 41 patients (51.2%).
Soft issue injuries were observed in 19 out of 41 cases (46.3%). Fractures of the facial skeleton were the
rarest – they were noted in 13 people, in 4 of them mandibular fractures were observed. A statistically
significant dependency was observed that people with helmets were more likely to suffer from coexisting
traumas in comparison to those without them. The cause of brain concussion was statistically correlated
with the type of accident.
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Conclusions. Males more often experienced accidents than females. Falling from a bike caused most accidents. The most frequent among injuries were dental traumas and among fractures – mandibular fractures.
Cyclists wearing helmets had more frequently coexisting traumas. Brain concussions mostly resulted from
traffic crashes.
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Cycling is a very popular type of activity in our times.
People of all ages use bikes for many purposes like sport,
entertainment or as a means of transport1. Despite many
advantages, cycling is also associated with a higher risk
of various accidents and many serious traumas, sometimes even fatal ones.2–4 According to Polish statistics collected in 2011, the percentage of cyclists seriously injured
reached 9.2% and fatally injured reached 7.5%.5 Poland is
one of the countries were the risk for “unprotected” road
participants (which include pedestrians, cyclists, motorcyclists) is very high.6 In road accidents in 2010, pedestrians and cyclists constitute 30% of all injured and 39%
of fatalities. However, in 2015 these numbers were even
higher, respectively 32% and 42%, thereby becoming one
of the highest results among other countries of the European Union.7
There is official data on bike-related accidents in Poland gathered by government institutions based on data
collected from 38 units, including the Ministry of Infrastructure, management of roads and units of traffic managers. The database obtained by the Supreme Chamber of
Control showed that the number of accidents involving
cyclists in different periods – 2010 compared with 2015
– increased by 18.3% and the number of injured cyclists
increased to about 16.9%.6 Also, in the Lódź region an
increased amount of incidents caused by bicycles can be
observed – in 2013 it was 186 and in 2015 it was 207.8
However, data coming from so many sources seems to be
incomplete, as it does not include injury characteristics.
Cyclists are at a higher risk of dangerous traumas, but
they are especially exposed to major head and face injuries. Helmets are one of the suggested precautions aiming
to provide cyclists adequate protection.
Some articles confirmed that helmets protect cyclists
from complications associated with traumatic brain injuries and are effective in reducing the risk of head injury.9,10
But on the other hand, there is no association between
helmet use and the risk of facial injuries. Also, they do not
protect the lower facial region.11,12
Not every type of bicycle helmet protects in the same
way. Sometimes cyclists with helmets increase their speed
and have decreased risk perception and because of that
the safety effect can be counterproductive.1
The aim of this study was to characterize bike-related
injuries with special consideration to the injuries to the
facial region. Secondly, we investigated the impact of
wearing helmets on head and facial region traumas.

Material and methods
Our research contained 41 patients with cyclist-related
injuries admitted to the Maxillofacial and Oncological
Department at the Medical University of Lodz between
the years 2013 and 2016. The mean age of the patients
was 33.2 ±13.3. Twenty-eight (68.3%) of them were male

with the average age of 34 years and only 13 (31.7%) were
female with the average age of 31 years. The data included
in our study concerned the age, sex, duration of hospitalization, type of bike, types of injuries and fractures, circumstances, place and type of accident. Additionally, the
most commonly types of injuries among helmeted and
non-helmeted cyclists were characterized with particular
attention paid to patients with brain concussion and facial
region traumas.

Statistical analysis
At first, the rate structure was calculated. For comparison, the frequency a ² test with the Yates amendment
was used to analyze the epidemiological data. An univariate regression analysis was performed, and a statistically
significant p value < 0.05 was assigned.

Results
In the analyzed group of patients, men prevailed
(68.3%). Fifty-six point one percent of patients were over
30 years old. The duration of hospitalization equaled from
1 to 10 days, in an average of 2.8 ±2.6 days. Slightly more
than half of the patients were hospitalized only for 1 day.
The mean length of hospitalization in the case of male patients was 2.4 days and in the case of female patients was
3.5 days.
Dental traumas were the most commonly observed
type of injuries – they were observed in 51.2% of cyclists.
They consisted of tooth luxations that were diagnosed
in 16 out of 41 patients and tooth fractures – in 5 out of
41 patients. The second most common type of traumas
were soft issue injuries which were observed in 46.3% of
patients. Fractures of the facial skeleton were the rarest
– they were noted in 11 people, in 4 of them mandibular
fractures were observed, in 4 zygomaticomaxillary complex fracture, in 2 nasal bone fracture and only in 1 case
orbital floor fracture was present.
Concomitant traumas occurred only in 31.7% of patients. Ten out of 13 cases had soft tissue injuries of the
upper extremities and in 3 subjects fractures of upper
extremities were noted. Among men, the most frequent
injuries were dental traumas and then soft tissue injuries,
whereas in the case of women, the tendency was reverse.
Twenty-two percent of patients confirmed that they were
wearing a helmet at the time of the accident. Among
them, 21.4% were male and 23% were female. In all cases,
the most frequent cause of injuries was a fall from the bicycle (73.2%). Only 26.8% had a road accident. Detailed
data is shown in Table 1.
During the accident 46.1% of women confirmed using a trekking bike. Fifty percent of men declared using
a mountain bike at the time of the accident. The accurate
data is presented in Table 2.
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Table 3. Comparison of injuries

Table 1. Characteristics of accidents
Sex
Type of injuries*

Tooth luxatio

Trekking bike

men
(n = 28)

women
(n = 13)

n

%

n

%

12

43

4

31

p-value

0.693

Tooth fracture

3

11

2

15

0.930

Soft tissue injuries

12

43

7

54

0.511

Fractures of facial skeleton
(mandible)

2

7

2

15

0.793

Fracture

yes

other

Yes

3

8

No

8

22

Dental trauma

yes

other

Yes

5

16

No

6

14

2

Fractures of nasal bones

1

4

1

8

Fractures of facial skeleton

1

4

1

8

Fractures of orbital floor

1

4

–

–

7

2

15

yes

other

Yes

4

17

0.834

No

5

15

0.834

Mountain bike

0.691

Dental trauma

yes

other

0.993

Yes

10

11

7

13

yes

other

0.793

Cause of injuries

Dental trauma

Fall from a bike

20

71

10

77

No

Road accident

8

29

3

23

Bicycle path
inside the city

6

21

4

31

Dental trauma

Coexisting injuries

0.455

Soft tissue injuries of extermities
Fracture of radial bone

1

4

2

16

Yes

9

12

Cases without coexisting injuries

21

75

7

53

No

3

17

No

19

68

8

62

Yes

9

32

5

38

Brain concussion

0.691

No

0.774
22

Yes

79

6

10

21

77

3

yes

other

Yes

2

17

No

0

22

23

Soft tissue injuries

Cyclists using trekking or city bikes experienced less
dental trauma than others bike users (p < 0.05). This is in
contrast to cyclists using mountain bikes, who more often suffered because of dental trauma (p < 0.05). And the
most common place where this type of injury occurred
was a bicycle path in the city (p < 0.05). Traumas like soft
Table 2. Characteristics of injuries
Treckking

n

%

n

Woman

4

30.8

6

Man

7

25

3

%

Mountain

Road

n

%

n

%

46.1

3

23.1

0

0

10.7

14

50

4

14.3

Sex

Type of Injury
4

3

4

p < 0.05

p < 0.05

p < 0.05

Roadside

* Number of injuries is bigger than the number of patients because some
of them had more than one injury.

City

p < 0.05

Bicycle path
inside the city
Soft tissue injuries

Injuries of helmeted cyclists

Facial fracture

p < 0.05

City bike

Fractures of facial skeleton
(zygomaticomaxillary
complex fracture)

Categories

p < 0.05

Trekking bike

0

Dental trauma

4

5

10

2

Soft tissue injuries

4

5

8

2

Fall

6

7

13

4

Collision

3

4

4

0

Cause of Injury

yes

other

Yes

1

18

No

0

22

p < 0.05

tissue injuries most often occurred as a result of accidents
on bicycle paths outside the city and, contrary to that,
the most infrequent place of this injury was the roadside
(p < 0.05) (Table 3).
Helmeted cyclists more often experienced injuries in
collisions, while people cycling without helmets mostly
experienced trauma because of the fall. This dependence
occurred to be statistically significant (p < 0.05).
Also, statistically significant was the observation that
patients with helmets had a lower rate of coexisting traumas (p < 0.01). Thirty-four percent of cyclists suffered
a brain concussion. This trauma more often affected
people who were not wearing a helmet at the time of the
accident (37.5%), but this dependence was not statistically
significant. This data is shown in Table 4.
When the cause of trauma was the road accident, people more frequently had coexisting injuries and facial
fractures than in cases when people fell from the bicycle.
Also, 72.7% of them had a brain concussion, which proved
to be statistically significant (p < 0.01) (Table 5).
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Table 5. Correlation between the cause of the injury and observed injuries

Table 4. Characteristics of accidents
Did cyclists wear a helmet
during accident?
Type of injuries*

Tooth luxatio

no (n = 32)

yes (n = 9)

n

%

n

%

12

38

4

44

Cause of injuries
Type of injuries*

fall from
a bike

road
accident

n

%

n

%

0.993

Tooth luxatio

12

40

4

36

p-value

p-value

0.881

Tooth fracture

5

16

-

-

0.357

Tooth fracture

5

17

-

-

0.365

Soft tissue injuries

15

47

4

44

0.641

Soft tissue injuries

16

53

3

27

0.259

Fractures of facial skeleton
(mandible)

2

7

2

22

0.630

Fractures of facial skeleton
(mandible)

1

3

3

27

0.090

Fractures of facial skeleton
(zygomaticomaxillary
complex fracture)

2

7

2

22

0.630

Fractures of facial skeleton
(zygomaticomaxillary
complex fracture)

2

7

2

18

0.612

Fractures of nasal bones

2

4

-

-

0.941

Fractures of nasal bones

-

-

2

18

0.115

Fractures of facial skeleton

2

4

-

-

0.941

Fractures of facial skeleton

-

-

2

18

0.115

Fractures of orbital floor

1

4

-

-

0.606

Fractures of orbital floor

-

-

1

9

Cause of injuries

0.0277

Coexisting injuries

Fall from a bike

26

81

4

44

Soft tissue injuries of extermities

8

27

2

18

Road accident

6

19

5

56

Fracture of radial bone

1

1

2

18

Cases without coexisting injuries

21

70

7

64

8

25

2

22

Brain concussion

Coexisting injuries
Soft tissue injuries of extermities
Fracture of radial bone

0.0087

0.0054

-

-

3

34

No

24

80

3

27

24

75

4

44

Yes

6

20

8

73

No

20

63

7

78

Yes

12

37

2

22

Cases without coexisting injuries
Brain concussion

0.648

* Number of injuries is bigger than the number of patients because some
of them had more than one injury.

Discussion
In the a cross-sectional study that analyzed 2008–2011
years, the major group of victims of bike-related accidents
in Poland were people on average aged between 20 and
40 years and 70.2% of them were male.5 Our study also
confirmed that fact – 68.3% of our patients were male in
the mean age of 33.9 years. Many other researches on bicycle crashes have shown that adult males pose the major
risk group.1,2,4,14,15 The higher level of risk-taking behaviors in this group was probably caused by the young age
of cyclists.13 Accidents most often occurred when cycling
for recreation or fitness purposes, which also increased
the number of accidents among men as the main group
of bicycles users.1,14,16 Different concepts, possibilities and
reasons for accidents occurring among participants of
this sport were extensively discussed. In the case of young
people, trauma can be caused by inexperience and limited knowledge of traffic rules. On the other hand, among
older people it can depend on their poor vision or longer
reaction time.17
The data of cyclists collected for study purposes consists of age, sex, helmet usage, type of injury, concussion
and the type of accident. We did not collect data on the
weight and height of patients, because they were not reg-

0.597
0.448

* Number of injuries is bigger than the number of patients because some
of them had more than one injury.

istered after every accident in the medical documentation.
As with most studies based on clinical or survey data, the
weight and height are rarely recorded.15,16 It seems that
they are more important in the mechanism of the accident itself and in the evaluation of the intensity of the suffered injury only at the moment of direct reconstruction
of the event.18 The correlation between the weight, height
and severity of head injuries was hard to observe in other
studies, because none of the authors, despite collecting
this data, included this in their statistics.15,16
In our research of different types of injuries, dental
traumas dominated, followed by soft tissue injuries and
fractures of the facial skeleton (mandible, zygomatic complex, nasal bone and orbit floor fractures). We detected
that a fall from a bike was a major cause of injury.
In most studies, head injuries were frequently mentioned as the primary trauma.1,13,15 Facial skeleton fractures (mandibular, condylar fractures, dentoalveolar traumas) were the second most commonly reported types of
injuries.19 Stier et al. observed that the most commonly
occurring fractures were those that concerned the nasal
bone, orbital bone, zygomatic bone, maxilla and mandible.20 Some authors also confirmed that falling is one of the
major causes of injury, especially among older people.1,21
However, most researchers regarded collisions as the main
causes of accidents.22–24 It was proved that head injuries
were the main cause of hospitalization and were responsible for deaths in 69–93% of fatal bicycle accidents.4,13 Soft
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tissue injuries most frequently were caused by accidents
on bicycle paths outside the city and least often appeared
in accidents on the roadside. De Geus et al. confirmed that
major and fatal accidents more frequently take place in
less urbanized areas in contrast to urban areas.16
Literature data also analyzed the occurrence of a particular injury according to the type of bicycle and the place
of accident. In our research we observed that men more
often than women suffered accidents and they were more
frequently using a mountain bike. This may possibly be
due to the fact that females were less likely to demonstrate
risky behavior when cycling.25 However, older people
(over 50 years old) were more likely to prefer other bikes,
such as electrically assisted bicycles, city bikes and only
2% chose mountain bikes.26
Twenty-two percent of our study population was wearing a helmet during their accident. Most of them were
men. People cycling without any safety measures were
mostly injured due to a fall after losing control of their
vehicles. Helmeted cyclists were most likely to be injured
due to a street collision. It was found statistically significant that people wearing helmets were more likely to suffer from coexisting traumas (55.5%) then those without
them (26.7%). Many other authors obtained similar results. However, the fact that the group wearing helmets
was more likely to suffer from coexisting traumas can be
explained by their feeling of safety and general tendency to
engage in more risky behaviors. It was affirmed that other
road users, i.e. car drivers would in general pass closer to
a cyclist wearing a helmet, which could be an example of
risk compensation. A car driver would most likely assume
that a cyclist wearing a helmet has more road experience
and is less likely to act erratically.1,3,5
In our research 37.5% of cyclists without helmets suffered from concussions as a result of their accidents,
whereas only 22.2% of the population with helmets received the same injuries. The cause of concussions was
statistically correlated with the type of accident. Only in
20% of cases concussions followed a fall from bike, while
even 72.7% of concussions were a results of traffic crashes.
The cause of injury was also an important factor in reference to the type of trauma. Collisions were most likely to
cause fractures in the craniofacial region, while a fall was
predominantly related with dental trauma.
The efficacy of helmets against major head trauma and
facial injuries is a debatable question. There is no conclusive research about this problem. However, some authors show that there is a lack of scientific evidence that
various types of helmet protect in the same way against
brain injury,27 which also makes it more difficult to evaluate their effectiveness. Rivara et al. stated that cycling
with a helmet can significantly reduce the risk of fatality,
but was not associated with the severity of the injury.2
This research also confirmed our statement about the
fact that a collision with a vehicle increased the risk of
severe injuries.2
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Dagher et al. noticed that cyclists without helmets had
more severe traumatic brain injuries, however this obserwation was not statisticaly significent. On the other hand,
they found that helmeted cyclist had a higher risk of polytrauma.9
Many studies still confirm the protective effects of helmets in the case of head and face injuries.28–30 Amoros et al.
claimed that cyclists with helmets were more frequently
involved in collisions with pedestrians or bicycles and had
a higher appearance of coexisting injuries in regions other
than the head and face, which is similar to our results.28
Considering the cyclists’ speed, which is very important
in regards to accidents, we are not able to present this factor in our study. In Poland, speedometers are not popular
bicycle gadgets, especially because of economic reasons.
In the literature it is also a rarely discussed problem. This
factor can be most frequently found in sponsored researches.21,31,32 Recording such types of data is hard because of the difficult access to this information and the lack
of accurate measurements of speed during the collision.
Likewise, studies focusing on cyclist-car accidents for the
most part include data about speed of motor vehicles – not
cyclists. In relation to cyclists, it was stated that their average speed was 18.6 km/h, cyclists on mountain bikes reach
20.5 km/h, on road or racing bikes (25.5 km/h) and slower
on city bicycles (17 km/h).33 Kuehn’s research emphasizes
that the faster speed of cars, 51 km/h, causes more severe
injuries.33 Also, in the case of cyclists’ injuries, it was observed that increased speed was not correlated with the
higher possibility of head injuries. On the other hand, lower speed of vehicles resulted in a minimal amount of fatal
injuries among helmeted cyclists and decreased fatality in
non-helmeted cyclists.34,35

Conclusion
Men are a higher risk group in regards to accident. The
head and face area are the body regions most exposed
to injuries. People experienced more severe traumas in
the case of collisions and also more frequently had brain
concussions. Cyclists with helmets had more coexisting
injuries. Bike users with helmets probably felt more confident on the road and demonstrated more risky behaviors,
which resulted in more dangerous accidents.
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Abstract
Background. Few studies have tried to investigate the influence of socioeconomic inequalities on dental
behaviors by considering the income and education levels as different dimensions of the independent variables in the adult Korean population.
Objectives. This study aimed to evaluate the association between income level and education level in relation to dental behaviors, such as self-cares and dental visits in the adult Korean population.
Material and methods. Six levels of socioeconomic status were classified according to a combination of
monthly household income and educational achievement levels. The regression models were built to assess
the association between different levels of socioeconomic status and the frequency of tooth brushing and
the most recent dental visits.
Results. This study confirmed that high levels of monthly household income and educational achievement
were independently related to frequent tooth brushing and frequent dental visits. Low levels of socioeconomic
status were inversely related to the frequency of tooth brushing and socioeconomic status groups except for
the lowest one were also adversely related to frequent dental visits after adjusting for confounders.
Conclusions. Korean adults with lower incomes but with higher education showed better dental behavior, including tooth brushing and dental visits than those with higher incomes but with lower education.
The findings of this study could help in acknowledging the different characteristics of income and education
as contributing factors leading to oral health behaviors in the adult Korean population.
Key words: education, income, socioeconomic inequalities, dental behaviors, Koreans, adults

DOI
10.17219/dmp/76082

Copyright
© 2017 by Wroclaw Medical University
and Polish Dental Society
This is an article distributed under the terms of the
Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Słowa kluczowe: wykształcenie, dochody, nierówności socjoekonomiczne, zachowania dentystyczne,
Koreańczycy, osoby dorosłe

236

Inequality in health is universally recognized as a major
problem.1–3 Numerous studies have investigated socioeconomic inequalities in oral health with various conceptual frameworks4–7 and theoretical models.8–10 These theoretical models commonly describe oral health-related
behaviors within the framework of socioeconomic status
based on the social structure and the social environment
to predict oral health status.5,6,11
In Andersen’s behavioral models,12,13 income and education had been regarded as different dimensions that
determined dental behaviors such as health service utilization and personal health practices. Education was considered a predisposing characteristic that existed before
disease and affected the propensity to seek dental care,
while income was considered an enabling characteristic
that affects an individual’s ability to access the health care
system by reducing financial barriers.
Several studies have demonstrated an inverse relationship between unfavorable health-related behaviors
and oral health in the context of socioeconomic disparities,11,14–24 which used various indicators for socioeconomic status such as the Index of Relative Socioeconomic
Disadvantage (IRSD),14 the poverty-income ratio,15 and
the Socioeconomic Disadvantage Index (SDI).16 However,
other studies have utilized household income18 and/or
head of household’s social class.17 For Korean adolescents,
Jung et al. employed the Family Affluence Scale (FAS) to
demonstrate the association between socioeconomic status and health-enhancing and health-comprising dental
behaviors.20 Various attempts to clarify the association
between socioeconomic inequality and oral health related
behaviors have also been made by clustering oral health
behaviors.23,24
To identify the socioeconomic disparities in dental behaviors that play an important role on oral health status,
the authors of this study selected income and education
factors that represent different dimensions of “causes of
the causes” leading to oral health outcomes based on Andersen’s behavioral models.11,12 Each of the two variables
as well as the combination of those components were
utilized as independent variables. Until now, within the
adult Korean population, few studies have tried to investigate the influence of socioeconomic inequalities on the
frequency of tooth brushing and visits to dental clinics by
considering income and education levels as different dimensions of independent variables.
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Material and methods
The data was obtained from the 2006 Korean National
Oral Health Survey (KNOHS), which surveyed 15,777
Koreans, of whom 4,546 were aged 18 years and older and
had completed the interview questions. After excluding
663 records with missing values for the variables used in
this study, 3,883 records were analyzed and were weighted
to represent the whole population of Korean adults.25 All
participating individuals provided written informed consent and this study was conducted in accordance with the
ethical principles of the Helsinki declaration. The study
protocols were reviewed and approved by the Institutional Review Board of the Kyungpook National University in
Daegu, Korea (approval number: 2016-0068).
Eight trained interviewers collected information on the
participants’ characteristics using standardized questionnaires. To describe the characteristics of the study population, the demographic information was investigated:
age, gender, educational attainment, monthly household
income, and residential area. Oral health-related behaviors included the frequency of tooth brushing, the use of
dental care services (the time of the most recent dental
checkups and the purpose of the most recentness of dental visits), and smoking.
Educational attainment was categorized into no formal education, 1 to 9 years of schooling, 10 to 12 years of
schooling, and more than 12 years of schooling. Monthly
household income was divided into 4 segments: low, middle-low, middle-high, and high. The cut-off points for each
income segment were 1,090 US dollars (USD), 2,246 USD,
and 3,575 USD. One US dollar was 925.80 Korean Won
Currency (KRW) in December 2006.
Six levels of socioeconomic status were classified according to a combination of 4 income and 4 education
categories: LEVEL 1 as low incomes with non-formal
education group; LEVEL 2 as low or middle-low incomes
with 0–9 years of schooling groups excluding LEVEL 1;

Objectives
This study aimed to evaluate the association between
monthly household income levels and educational
achievement levels with oral health behaviors, such as the
frequency of tooth brushing and the most recent dental
visits, using a national representative sample for adult
populations from South Korea.

Fig. 1. Six levels of socioeconomic status from LEVEL 1 to LEVEL 6 according to
a combination of monthly household income and educational achievement
levels (N = 3.883)
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Table 1. The distribution of the study population according to the levels of monthly household income and educational attainment (N = 3,883)
Household income per month (USD)*

Education attainment
(years)

low

middle-low

middle-high

high

None

222 (67.6)† (15.9)‡

51 (15.5)† (2.6)‡

24 (7.8)† (1.2)‡

25 (9.1)† (1.5)‡

Total
322 (100.0)† (4.4)‡

1-9

350 (42.8)† (27.4)‡

198 (29.0)† (13.3)‡

101 (17.5)† (7.3)‡

86 (10.7)† (4.9)‡

735 (100.0)† (12.0) ‡

10-12

300 (14.8)† (36.4)‡

501 (30.0)† (53.0)‡

516 (31.5)† (50.6)‡

433 (23.7)† (41.8)‡

1,750 (100.0)† (46.2) ‡

13+

94 (10.2)† (20.3)‡

221 (21.8)† (31.1)‡

334 (31.6)† (40.9)‡

427 (36.4)† (51.8)‡

1,076 (100.0)† (37.3) ‡

Total

966 (18.8)† (100.0)‡

971 (26.2)† (100.0)‡

975 (28.8)† (100.0)‡

971 (26.2)† (100.0)‡

3,883 (100.0)†‡

n – unweighted number, % – weighted percent; * Cut-off points were 1,090 USD, 2,246 USD, and 3,573 USD in order; † Row percent; ‡ Column percent.

LEVEL 3 as middle-high or high incomes with 0–9 years
of schooling groups; LEVEL 4 as low or middle-low incomes with 10 or more years of schooling groups; LEVEL
6 as a high incomes with 13 or more years of schooling
group; and LEVEL 5 as middle-high or high incomes and
10 or more years of schooling groups excluding LEVEL 6
(Table 1 and Fig. 1).
Dental behaviors employed in the analyses were the frequency of tooth brushing and the time of the most recent
dental visit. The frequent tooth brushing and the most recent dental visit were defined as 3 times or more per day
and the dental visits within 1 year, respectively.
Data management was performed by Surveyfreq and
Surveylogistic procedures using SAS 9.1.3 (SAS Institute
Inc., Cary, NC, USA). Four logistic regression models
were built to assess the relationship between different
levels of socioeconomic status and the frequency of tooth
brushing and the time of the most recent dental visits.
Model 1 generated a crude association, model 2 generated the association after controlling for age alone, model
3 generated the association after controlling for another
dental behavior, and finally, model 4 calculated the association after controlling for both of age and other dental
behavior as confounding factors. p-values were calculated
by Surveyfreq procedures and odds ratios (ORs) with 95%
confidence intervals were estimated by Surveylogistic
procedures.

portion of the frequent tooth brushing increased as the
level of education increased. The frequent dental checkups
also increased with the level of education. About a quarter
of individuals in the lowest income group brushed their
Table 2. The characteristics of the study population (N = 3,883)
Study population

Total (n = 3.883)

Biological factor

Age groups

Gender

18–29

467 (23.0)

30–39

925 (25.2)

40–49

722 (21.2)

50–59

610 (14.5)

60–69

635 (10.0)

≥70

524 (6.1)

male

1.410 (47.1)

female

2.473 (52.9)

Socioeconomic factor

Education (years)

Monthly household income*

Results

Area

The average age of the study population was 42.5
years old (range from 18 to 91). Half of the respondents
brushed their teeth twice a day and approximately 40%
did so 3 times or more. About 40% of the subjects had visited dental clinics within 1 year. Of the 1,445 respondents
who answered the questionnaire about the purpose of
the recent dental visits, only 20% visited the dental clinic
for preventive purposes. One quarter of the subjects had
a regular smoking habit (Table 2).
High levels of monthly household income and educational achievement were independently related to the
frequent tooth brushing and the frequent dental visits.
More than 15% of the participants with no education had
brushed their teeth more than 3 times a day, and the pro-

Oral health-related behaviors
Frequency of tooth brushing
(times/day)

Use of
dental
care
service

Smoking

Recent dental checkups
(years)
Purpose of recent dental
visit (n = 1.445)

none

322 (4.4)

1–9

735 (12.0)

10–12

1.750 (46.3)

13+

1.076 (37.3)

low

966 (18.8)

middle-low

971 (26.2)

middle-high

975 (28.8)

high

971 (26.2)

metropolis

1.545 (48.2)

city

1.839 (36.6)

rural

499 (15.2)

0

48 (0.8)

1

456 (10.2)

2

1.937 (50.1)

<1

1.570 (40.9)

1–2

830 (21.5)

>2

1.483 (37.6)

prevention

263(20.5)

treatment

1.182 (79.5)

yes

729 (25.1)

no

3.154 (74.9)

n – unweighted number, % – weighted percent; * Cut-off points were
1.090 USD, 2.246 USD, and 3.573 USD in order.
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teeth 3 times or more per day, and the proportion of people getting dental check-ups within one year increased
along with the level of monthly household income (Fig. 2).
Lower levels of socioeconomic status were inversely
related to frequent tooth brushing. The ORs for more
than 3 times tooth brushing per day increased with the
gradients of income and education except for LEVEL 3
(middle-high or high income with less than a 10 year-education) and was statistically significant at each level. The
ORs for tooth brushing frequencies were a bit increased
after controlling for all confounders, and the linear relationship was slightly attenuated compared to a crude association (Table 3).
Lower levels of socioeconomic status were also adversely related to the frequent dental visits. The ORs for having
dental visits within one year increased with the gradients
of income and education except for LEVEL 1 (low income
with no education) and was statistically significant at each
level. A linear association became clear after controlling
for the confounders, especially age, but was still interrupted by LEVEL 1 (Table 4).

Fig. 2. The proportion of the frequent tooth brushing and the recent
dental visits within 1 year according to monthly household income and
educational attainment (N = 3.883).

were designated as enabling factors and predisposing factors, although some conceptual frameworks5 for analyzing the determinants of dental caries designated income
and education as a socioeconomic or sociocultural factor
associated with oral health status.
Interestingly, the ORs for the frequent tooth brushing
and the recentness of the dental visits were higher at LEVEL 4 than at LEVEL 3 in all regression models. Individuals
at LEVEL 4 had lower incomes but were better educated
than those at LEVEL 3, and consequently showed better
dental behaviors, including tooth brushing and dental
checkups. Baldani et al. emphasized education, such as
access to school and a regular source of health care, rather than family monthly income as determinants of dental
care utilization.21
The ORs for the recent dental visits were higher in
LEVEL 3 than in LEVEL 2, while those for tooth brushing
frequencies were even lower in LEVEL 3 than in LEVEL
2 in all regression models. Thus, these results support
the fact that income is a strong and independent predictor of health service utilization.27 Previous studies have
consistently shown that insured and high-income individuals utilized dental services more frequently than their

Discussion
The results from this study are consistent with previous
studies that manifested an association between socioeconomic status and oral health-related behaviors.15,16,20,26
Aleksejuniene et al. indicated that socioeconomic status
has a significant effect on oral hygiene behaviors and dental visit patterns using structural equation modeling.26
Sabbah et al. noted that socioeconomic inequalities in
health-related behaviors and poorer health-related behaviors were more common among those less educated
and those with lower incomes.15 Wamala et al. reported
that financial barriers limit access to healthcare services
and also contribute to health inequalities, even though
people having socioeconomic disadvantages needed dental care, were not afraid of the dentist, and had the time to
access dental treatment.16
It is noteworthy that Andersen’s behavioral models set
income and education into separate dimensions, which

Table 3. Associations between the income and education levels and the frequency of daily tooth brushing after adjusting for age and/or the most recent
dental visits
Socioeconomic
statistic

Model 1

Model 2

Model 3

Model 4

OR

95% CI

OR

95% CI

OR

95% CI

OR

95% CI

LEVEL 1

0.194

0.120–0.315

0.314

0.185–0.534

0.203

0.125–0.329

0.345

0.202–0.588

LEVEL 2

0.302

0.222–0.410

0.438

0.308–0.624

0.319

0.234–0.434

0.483

0.339–0.689

LEVEL 3

0.230

0.148–0.358

0.328

0.204–0.527

0.240

0.153–0.375

0.356

0.220–0.574

LEVEL 4

0.532

0.411–0.690

0.577

0.442–0.752

0.551

0.425–0.715

0.604

0.463–0.788

LEVEL 5

0.627

0.488–0.806

0.677

0.524–0.874

0.638

0.496–0.820

0.695

0.538–0.897

LEVEL 6

1.000

–

1.000

–

1.000

–

1.000

–

OR – odds ratio, CI – confidence intervals; Model 1 – crude association; Model 2 – adjusting for age; Model 3 – adjusting for the most recent dental visits;
Model 4 – adjusting for age and the most recent dental visits.
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Table 4. Associations between income and education levels and the most recent dental visits after adjusting for age and/or the frequency of daily tooth
brushing
Socioeconomic
statistic

Model 1

Model 2

Model 3

Model 4

OR

95% CI

OR

95% CI

OR

95% CI

OR

95% CI

LEVEL 1

0.536

0.359–0.800

0.334

0.210–0.530

0.603

0.402–0.905

0.363

0.228–0.578

LEVEL 2

0.469

0.350–0.629

0.324

0.231–0.455

0.514

0.383–0.691

0.346

0.246–0.485

LEVEL 3

0.548

0.372–0.806

0.385

0.253–0.585

0.611

0.412–0.904

0.418

0.274–0.640

LEVEL 4

0.631

0.487–0.817

0.579

0.444–0.753

0.663

0.512–0.860

0.606

0.465–0.790

LEVEL 5

0.786

0.612–1.010

0.728

0.566–0.936

0.817

0.636–1.049

0.753

0.585–0.970

LEVEL 6

1.000

–

1.000

–

1.000

–

1.000

–

OR – odds ratio, CI – confidence intervals; Model 1 – crude association; Model 2 – adjusting for age; Model 3 – adjusting for the most recent dental visits;
Model 4 – adjusting for age and the most recent dental visits.

counterparts.28 It is obvious that potential access is simply
defined as the presence of enabling resources. Having enabling resources provides the means for use of services,
and increases the likelihood that service use will take
place.12 In addition, the fact that the ORs for the frequency of brushing particularly dropped in LEVEL 3 implies
that frequency of tooth brushing does not increase as incomes rise in groups with less than 10 years of schooling.
It is also noteworthy that even more than 15% of nonregularly educated participants brush their teeth three
times or more per day. This phenomenon may be related
to the tooth brushing campaigns in Korea which highlight
at tooth brushing least 3 times per day after each meal.29
The present study found that the higher ORs were
shown in LEVEL 1 compared to LEVEL 2 in the association between various socioeconomic statuses and recent
dental visits. This result was in accordance with the result
of a similar study for the adolescent Korean population.
Jung et al. reported that the linear association between socioeconomic status and visiting a dental clinic was interrupted with the lowest FAS score of 0, since subjects with
a score of 0 had visited dental clinics more frequently than
those with a score of 1 or 2.20 The authors of the present
study postulated reasons why a similar phenomenon had
also occurred. Individuals belonging to the lowest level of
socioeconomic status were more likely to have poor oral
health consequences that led to more frequent dental
treatment. The authors’ assumption is closely related to
the limitations of this study.
A major problem of this study is its cross-sectional design. Findings from this study provide only an association
between the exposure and outcome variables and do not
allow causal inference. This study employed the combination of income levels and education levels as indicators
of socioeconomic status, instead of a new indicator of
individual socioeconomic status. In addition, the cut-off
points for income levels were calculated within the study
population so that those figures might not actually reflect
income distributions for Korean adults but only showed
the distributions for the participants of the present study,
even though the dataset was a large national sample of the
adult Korean population.

In spite of its limitations, this study confirmed the socioeconomic inequalities associated with dental behaviors
in the adult Korean population. Almost linear patterns
were shown between the levels of income and education
and dental behaviors such as tooth brushing frequencies
and the recent dental visits. In addition, the total monthly
family income and educational attainment were found to
be different predictive variables each being related to dental behaviors, one as an enabling factor and the other as
a predisposing factor. Indeed, 3,883 records included in
this analysis may not be sufficient to represent the adult
Korean population, but these are valuable as an early national survey conducted by the Korean government. In
addition, the results of this study will serve as a basis for
analyzing dental behavior patterns of the Korean adults
from past to present.
Numerous studies have been conducted to improve
oral health status and effective implications have been
suggested over the world.3,30 Further studies are needed
to provide more information on individual and contextual determinants of dental behaviors, both of which play
an important role in the oral health status of the Korean
population.

Conclusions
High levels of monthly household income and educational achievement were independently related to frequent tooth brushing and the recentness of the dental
visits in the adult Korean population. Low levels of socioeconomic status were inversely related to the frequency of tooth brushing and of these, except for the lowest
one, were also adversely related to the most recent dental
visits. Interestingly, individuals with lower incomes but
with higher education showed better dental behaviors including tooth brushing and dental visits than those with
higher incomes but with lower education. The findings of
this study could help in acknowledging the different characteristics of income and education as contributing factors leading to oral health behaviors in the adult Korean
population.
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Abstract
Background. Analysis of the results of epidemiological studies of Polish children showed that caries in
children can occur very early, and their incidence and intensity increase with age. According to an epidemiological study, 53.8% children at the age of 3 reported an average of 2.4 tooth decay. There is insufficient
information about the intensity of decay, the pattern of caries in primary dentition and the treatment undertaken in the group of 3-years-old children with tooth decay.
Objectives. The aim of this study was to evaluate the intensity of caries and their pattern in primary dentition in 3 year-old children with early childhood caries.
Material and methods. The study enrolled children at the age of 3 with early childhood caries included
in the program “The monitoring of oral health and its determinants among Polish population in 2015”. The
presence of caries, fillings and extractions was assessed in teeth and their surfaces.
Results. In 353 3-year-old children with active caries, dmft reached 4.45 ±3.63, dmfs 6.84 ±8.78.
In maxilla, 13.4% of the teeth was decayed (dmft = 2.67 ±2.5), in the mandible 8.9% (dmft = 1.78 ±1.67)
(p < 0.001). Mandibular molars were the most frequently affected by caries, then the maxillary central incisors and the maxillary molars. Of the surfaces affected by caries, 31.9% were proximal, 29.3% smooth and
38.3% occlusal surfaces. Fillings were stated in 6.4% of primary teeth. Due to caries, 1.2% of the teeth were
extracted.
Conclusions. Caries lesions in 3-year-old children, appearing symmetrically on both sides of the dental
arches, more often affect maxillary than mandibular teeth. Their appearance on the smooth and proximal
surfaces of the teeth, involving more than one tooth surface, few fillings and premature incisors loss indicate
significant prophylactic and therapeutic negligence.
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Early childhood caries (ECC) remains a significant
problem because of its implications for the health status
of the oral cavity and the whole body. Its prevalence varies
considerably in different populations from 4% in Sweden
by 11.7% in England, 50.5% in Lithuania to above 80% in
Native Americans or Kosovo.1–4
The incidence of tooth decay in children at this age
ranges from 0.4 to 3.86.1–4 In Poland in 2015, 53.8% of children at the age of 3 were affected by caries, and 2.4 teeth
were involved in the carious process.5 A slight decrease in
these values was noted (3.4 and 0.5% teeth respectively) in
the previous monitoring study.6
In ECC prevention, it is crucial to understand not only
the importance of its risk factors but also the distribution
of caries in dentition. Studies demonstrated that molars,
as well as upper incisors, are susceptible to caries.7-9
Caries most often develop in the pits and fissures of
primary molars, and then on the mesial surface of second molar and the distal surface of the first molar.9,10 The
pattern of caries in primary dentition changes with age,
as in 3-year-old children the upper incisors are the most
frequently affected by caries, while in older children the
lower molar teeth, which may suggest a connection with
the timing of tooth eruption and their time of being in the
oral cavity.11,12
The aim of the study was to evaluate the pattern of early
childhood caries in children at the age of 3.

Material and methods
A total of 353 children at the age of 3 with diagnosed
ECC were clinically examined as part of a program financed by the Ministry of Health “The monitoring of
oral health and its determinants among the Polish population in 2015” (contract no. 11/1/2015/1210/421 dated
18.08.2015). Children with ECC were selected among
656 children examined during nationwide monitoring
from 3 voivodships: Lower Silesian, Mazowieckie and
Lubelskie. Population samples were selected in a multilayered draw. In each of the voivodships 3 counties and
communes were drawn, then kindergartens in respective
towns and villages. The inclusion criteria of participation
were: the child’s cooperation with the dentist, recognized
ECC and the written consent of the parents/guardians of
the children to participate in the study. Exclusion criteria
were: age above or below 3 years, caries-free children and
lack of parental/guardian consent for participation in the
study.
A clinical examination was conducted by the dentist
after training and calibration (Cohen’s kappa > 0.655) in
standardized conditions, with artificial lighting, using the
dental mirror and the WHO 621 periodontal probe. The
presence of carious lesions/fillings and teeth lost due to
caries was assessed by the World Health Organization
(WHO) diagnostic criteria for dental caries detection.13

The dmft and dmfs scores, as well as the percentage and
proportion of the number of teeth and tooth surfaces affected by caries, were determined.
Prior to the examination, the consent of the Bioethics Committee of Warsaw Medical University (No.
KB/216/2015) was obtained.
The results were presented as means and standard deviations as well as the number of patients and percentage
shares of them. Statistical analysis was performed using
a 2 test to compare fractions with STATISTICA v. 12.
P-value of 0.05 was considered as statistically significant.

Results
The mean dmft of the sample was 4.45 ±3.63 (dt = 4.11
±3.44; mt = 0.05 ±0.44; ft = 0.29 ±0.88), dmfs – 6.84 ±8.78
(ds = 6.19 ±7.93; ms = 0.22 ±1.80; fs = 0.42 ±1.66). In children
with ECC caries affected 1.54 tooth surfaces on average.
Out of 7,017 evaluated teeth, caries affected 1,572 teeth
(22.3%), 943 (13.4%) in the maxilla and 629 (8.9%) in the
mandible. The mean dmft in the upper jaw (2.67 ±2.5)
was higher than in the lower jaw (1.78 ±1.67). Analysis revealed that the differences in the incidence and intensity
of ECC between maxilla and mandible were statistically
significant (p <0.001, 2 test). Caries were present in 1,452
teeth (92.4%); 91 teeth (6.4%) were filled and 19 (1.2%)
were extracted due to caries. The symmetrical distribution of caries is shown in Fig. 1.
Most of the teeth affected by carriers were mandibular
molars, then central maxillary incisors and maxillary molars (Fig. 2). Analyzing the frequency of fillings, it was found
that the fillings in the mandibular molar teeth were more
frequent than in maxillary molars. In the mandible, fillings
were present in 10.44% of all first carious molars (31/297)
and 10.67% of second molars (20/281). In the maxilla, the
percentage was lower and amounted to 5.37% in the first
molars (11/205) and 8.47% in the second molars (20/236),
respectively. The percentage of filled maxillary incisors
was significantly lower. Fillings were in 1.38% (4/288)
of central incisors and 1.91% (3/157) lateral incisors.

Fig. 1. The symmetry of distribution of caries in the dentition quadrants
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Fig. 4. The percentage of proximal surfaces of teeth with caries to a total
number of surfaces with ECC in all children

Fig. 2. The distribution of decayed teeth (d), missed due to caries (m) and
filled (f ) in the dentition of children with ECC

Maxillary incisors were the most often extracted teeth as
a result of caries, 2.78% (8/288) of central incisors and 4.46%
(7/157) of lateral incisors. None of the mandibular molars
were extracted. In the maxilla, 2 of 236 first molars (0.8%)
and 1 out of 288 second molars (0.3%) were extracted.
Carious lesions involved 2,416 tooth surfaces (a mean of
6.84 ±8.77 tooth surfaces in a child with carious lesions).
The percentage of surfaces decayed (ds), missed due to
caries (ms) or filled (fs) in the dentition of children with
ECC compared to the number of all decayed surfaces is
shown in Fig. 3.

Fig. 5. The percentage of labial/buccal and lingual surfaces of teeth with
caries to a total number of surfaces with ECC in all children

Among the 2,416 surfaces of caries, 771 (31.9%) were
proximal, 708 (29.3%) smooth, and 937 (38.3%) occlusal
surfaces. The percentage distribution of carious teeth surfaces is shown in Fig. 4-6.
Figure 7 provides information on the measurement of
inequality in the distribution of dental disease, by displaying the Lorenz curve for the observed sample and
average dmft. Half of the 3-year-old population has no
caries (about 1.6% of the teeth with dmft according to
the number of all teeth with caries). The Gini coefficient
was 0.856.

Fig. 3. The percentage of particular teeth surfaces with active caries (ds),
missed due to caries (ms) or filled (fs) in the dentition of children with ECC
according to a total number of teeth surfaces with ECC

Fig. 6. The percentage of occlusal surfaces of molars with caries to the total
number of surfaces with ECC in all children
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Discussion
The developed patterns of caries define surfaces involved in caries: labial surfaces of maxillary teeth, pits
and fissures of occlusal surfaces, proximal surfaces of
molars and also other smooth surfaces of lateral teeth.14,15
The caries distribution pattern should contribute to reduce the misclassification of caries and thereby increase
the ability of the analysis to identify significant correlations between risk factors and ECC.
Among the examined children, more carious teeth were
recorded in mandibular molars, followed by maxillary
central incisors and molars. This finding is in accordance
with the literature. A similar distribution of caries was observed by Agarwal et al.16, Al-Malik et al.17, Gizani et al.9,
Du et al.8 According to the results obtained by Agarwal
et al.16 ECC involved 39.42% of mandibular molars, 32.64%
of maxillary molars, 26.07% of maxillary front teeth and
1.84% of mandibular incisors in children 3–6 years old.
In the group of children aged 36–48 months (mean age
43 months) from the Podlasie region, more caries were
found in mandibular second molars (40.8%) and central
upper incisors (35.7%).18 Similar results were obtained by
Cadavid et al. based on the examination of 447 children
(mean age of 2.8 ±0.48 years).19 According to Al-Malik
et al., 26% of children had tooth decay restricted to the
posterior teeth, 6% in the anterior teeth only, and 39%
in both groups.17 In the study of Chinese children aged
3–5, it was found that dental caries are more common in
mandibular molars than in maxillary molars and in anterior maxillary teeth (23%) than anterior mandibular teeth
(2% only).20 This finding is consistent with the study by
Gizani et al., where it was found that most carious teeth
were first and second mandibular molars, while decayed
incisors occur very seldom.9
When analyzing the distribution, caries are more prevalent in the posterior than in the anterior part of the jaw.
It should be noted that the pattern of caries is related to
the age of the child. Certainly, the morphology of the molars is very important.16,20 However, it is important to remember that the rarer appearance of caries in the anterior
segment is associated with the less frequent incidence of
caries in the anterior part of the mandible. Mandibular
teeth are less subjected to dryness due to the protective
mechanism of saliva and are covered by the tongue during sucking, which reduces their exposure to cariogenic
factors. The incidence of carious lesions in the primary
maxillary incisors in young children is primarily related
to the child consuming cariogenic products directly before bedtime or at night and to reduced saliva secretion
during sleep.14 This pattern of dental caries is also related
to the chronology of tooth eruption and acquisition of
cariogenic bacteria. As the incisor teeth are first to erupt,
they are more susceptible to adverse bottle-feeding habits, especially during bedtime, and become decayed at an
earlier age.

Fig. 7. Lorenz curve for dmft

In the youngest children, caries mainly involves anterior
teeth.14,18,21–28 In the examination of 3,171 Turkish children aged 8–60 months (mean age 25.8 ±10.11 months)
caries were mainly observed in the central incisors in
the maxilla.21 Similarly, among children in Łódź, maxillary central incisors were most often affected by dental caries.23 Among 2,428 children from Arizona, aged
6–36 months, in the group of 3-years-old, 25% had diagnosed caries – 16% in maxillary incisors, more often on
interproximal surfaces than on smooth surfaces.14 Also in
a Danish 3-year-old child, caries was found mainly in the
maxillary anterior teeth, on the mesial surfaces.29 Among
353 children in Macao aged 2.8 ±0.6 years, 7% had dental caries only in the anterior teeth and 8% in the teeth
other than the maxillary anterior. In the study by Wulaerhan et al., maxillary incisors had a higher incidence of
caries than mandibular incisors (23 vs 2%).20 In Brazilian
children up to 3 years old, up to 87.5% of upper incisors
and canines had caries, compared to 9.4% in lower incisors and canines.22 Among children in Wrocław, aged
30 ±5.7 months, upper incisors were most often affected
by caries (central 34%, lateral 22.4%), palatal and labial
surfaces similarly, followed by second and first lower molars (7%), and rarely frontal lower teeth (less than 1%).24
Similar observations were reported by Bagińska and Stokowska18, where cavities in central incisors dominated in
the maxilla followed by cavities in molars, because tooth
decay often develops according to the sequence of teeth
eruption, successively affecting teeth appearing in the
oral cavity.14 Similarly, Kerosuo and Honkala observed
more frequent appearance of caries in incisors and molars, while the lowest in canines and mandibular incisors.7
The authors pointed to 3 times higher incidence of caries
in Tanzanian children compared with Finnish.
Among the 3-year-old children examined during this
study, caries occurred more often in the maxilla, in the
first molars, whereas in the mandible caries occured in
second molars. Similarly, in the study by Bagińska and
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Stokowska, caries was observed in the second mandibular molars more often than in the first mandibular molars.18 In Hindu children aged 3–6 years, dental caries
were the most common in the second molars of maxilla
and mandible. Proc and Filipinska-Skąpska23, Bagińska
and Stokowska18 and Dimitrova et al.25 have stated that
the second molars are the most prone to caries. Analyzing
the appearance of caries in molar teeth in children aged
8–60 months, Doğan et al. noticed their more frequent
appearance in the first molars followed by the second
ones, in the maxilla and in the mandible, although in the
mandible the numbers differed only slightly.21
There are various reasons for the differing susceptibilities to caries, such as tooth surface morphology or posteruptive enamel maturation. The caries susceptibility
of a tooth surface also varies over time and rises rapidly
approximately 2–3 years after eruption. The occlusal surfaces are the most susceptible, because of complex surface morphology and difficult access for effective oral hygiene. The pit and fissures serve as retentive areas for food
making them more prone to carious attacks. The results
of the present study confirm this. Carious lesions involved
38.3% of the occlusal surfaces, followed by 31.9% of the
interproximal surfaces and 29.3% of the smooth surfaces.
In the examination of Indian children, caries more often involved occlusal surfaces (46%) as well.16 However,
the researchers noted a greater difference in the incidence of lesions on proximal surfaces (37%) compared to
smooth surfaces (16%), which was probably related to the
age difference of the examined children.16 For that matter, according to Warren et al., caries on occlusal surfaces
were the most common (56%), especially in the second
molar, while 58% appeared on smooth surfaces.3 Similarly,
a study by King et al.27, Kerosuo and Honkala7, Nørrisgaard et al.29, Gizani et al.9, Leroy et al.12 demonstrated
that the occlusal surfaces of the molar teeth are most
often affected by caries, especially the second molar.12
In accordance with previous findings it was found that
tooth decay in young children mainly occurs on occlusal
surfaces.12,14,18,23,25,29 In these children, a small number of
proximal surfaces are affected by caries, and if the disease
develops, it begins after reaching complete contact between the first and second molar, at the age of 3.5 years.
There are no differences in the incidence of caries on the
mesial and distal surfaces of the first and second molar.14,21
In the present study, the incidence of dental caries on
the proximal surfaces of the molars was higher. In the
maxilla and mandible, caries mostly involved distal surfaces of the first molars than mesial surfaces. First primary molars had significantly more caries lesions on the
proximal surface compared to second primary molars.
That can be explained by the fact that at the age of 3,
the second primary molars had barely erupted and had
surface contact with the first primary molars, creating
a susceptible place for the development of proximal caries. In the Kerosuo and Honkala study, caries mostly in-
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volved the second molar occlusal surface, followed by the
first molar occlusal surface and the distal one.7 However,
according to Ginzani et al., interproximal surfaces between the first and second molar were involved in caries
in the maxilla, whereas in the mandible – more often the
distal than the mesial surface of the first molar.9 Similarly,
Leroy et al. reported more frequent appearance of caries
on the distal surface of the first molar.12
Changes in the distribution of caries with age are confirmed by the examination of younger children whose occlusal and buccal surfaces were most affected by caries.21
In a study by Doğan et al., an analysis of the distribution
of caries on the surfaces of the particular teeth was performed.21 In maxillary incisors caries involved mostly labial surfaces, then mesial ones.In the present study, caries occurred mostly on the mesial surface of the central
incisors (significantly more often than distal surface),
followed by the labial surface. In the posterior maxillary
teeth, the majority of carious lesions were located on the
labial surfaces, slightly less often on proximal surfaces.
Grzesiak and Kaczmarek found decay in maxilla in the
descending order: palatal, mesial, buccal, occlusal, distal,
in mandible: 17.6% occlusal surfaces in molars, and rarely
distal surfaces in all groups of teeth.24 According to Kerosuo and Honkala, in the anterior maxillary teeth, dental
caries were present on the mesial surfaces of the central
incisors, followed by distal and mesial surfaces of the lateral incisors.7
Similarly to Wulaerhan et al.20, Gizani et al.9, in the present study carious lesions were symmetrically distributed
on the right and left side of the dental arch. Comparison
of ECC in upper and lower jaw revealed that maxillary
teeth were more frequently affected by caries (13.4%) than
mandibular teeth (8.9%). Also, the mean dmft in the upper
dental arch (2.67 ±2.5) was higher than in the lower dental
arch (1.78 ±1.67). Similar results were obtained by other authors.9,16,21–23 An analysis of caries distribution in the study
by Argawal et al. showed that 30% concerned maxilla, 26%
mandible, and the mean dmft was 2.81 ±2.16 and 2.27 ±1.21
respectively (p < 0.001).16 The differences observed in
Indian children aged 3 to 6 years were smaller, which may
be related to the age of children involved in the study.16
In the dentition of 3-year-old children from Łódź, the intensity of caries was also statistically significantly higher
in the maxilla (2.6 ±5.8) than in the mandible (0.9 ±2.5).23
It should be emphasized that in agreement with our results, studies conducted by other authors confirm a higher incidence of caries in the upper anterior teeth than the
lower teeth.16,18,19,21,24 It is believed that the incidence of
caries in the upper arch is associated with lower flow and
protection of saliva of the maxillary teeth.16
The present study found that the predominant proportion of dmft values was caused by untreated carious lesions. Although preventive and therapeutic procedures in
children are completely refunded by public dental care,
children do not benefit from it. 48% of children had not
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visited a dentist yet. In the case of 4.6% of children, more
than 1 year has elapsed since their last visit to the dental office, and only 35.1% of children had visited a dentist
during the last 6 months.5 Therefore, other factors than
the financial barrier keep children from taking advantage
of free dental care.
In the present study, the caries were diagnosed at the
level d3, thus less advanced carious lesions were omitted.
It can be speculated that the intensity of caries would be
much higher when including pre-cavity lesion (d1, d2).
However, the use of this diagnostic criterion requires drying the smooth surfaces and taking a bitewing X-ray, which
reduces the child’s cooperation. Studies have documented
that using X-ray as a diagnostic tool for caries detection
increases the frequency of identified proximal carious lesions significantly, particularly in the primary dentition.
Information on surface-specific dental caries patterns
is a useful source of reference about preventive strategies.
The presence of caries in the primary dentition is the predictor of caries in permanent dentition.

Conclusions
The appearance of caries in 3-year-old children showed
a symmetrical distribution localized more often on primary mandibular molars, followed by maxillary central
incisors and maxillary molars. Caries, mostly untreated,
appear on occlusal surfaces as well as smooth and proximal teeth surfaces, often involving more than one tooth
surface. The small percentage of treated teeth and the
premature loss of incisors are evidence of major preventive and therapeutic negligence in the youngest patients.
A high caries prevalence and dmft scores indicate the
necessity of preventive programs in preschool children
including fluoride varnish applications, dietary and oral
hygiene maintenance, and fissure sealants. Primary molars and maxillary incisors will need special attention during preventive efforts.
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Abstract
Background. Fast progression of caries in primary teeth may lead to pulpitis or even to premature tooth
loss. Poor oral hygiene is a risk factor for caries, although it is not considered to be an important one.
Objectives. The objective of this study was to assess the correlation between dental caries and oral hygiene
in Warsaw preschool children at high risk for caries.
Material and methods. One hundred and eighty preschool children (average age 50.27 ±11.27
months) at risk for caries were eligible to participate in the study. Oral hygiene, carious lesions, fillings and
missing teeth were evalnated. White spot lesions, dmft, dmfs, d1-2dmft, d1-2dmfs, and their components
were calculated. The study was conducted by 3 calibrated examiners.
Results. Dmft was 7.20 ±5.33, dmfs 15.65 ±15.82, d1-2dmft 10.81 ±5.63, d1-2dmfs 20.84 ±16.56,
including d1-2t and d1-2s dp – 3.59 ±2.86 and 5.14 ±4.51 respectively for 19.04 ±1.99 examined primary teeth. The main component of the indicators was the average number of teeth/tooth surfaces with
caries (4.71 ±4.54/8.72 ±10.77 respectively). The average number of teeth/surface fillings amounted to
1.73 ±1.99 and 3.58 ±5.01; those lost due to the caries of 0.79 ±1.74 and 3.39 ±7.56. Treatment index
amounted to 0.27 and DI-S to 1.1 ±0.57. There was a statistically significant positive correlation between
dmft and dmfs, dt and ds, and the DI-S.
Conclusions. Poor oral hygiene caused severe caries. Massive accumulation of dental plaque was accompanied by a greater number of teeth and tooth surfaces with caries.
Key words: children, oral hygiene, the intensity of caries, high risk of caries
Słowa kluczowe: dzieci, higiena jamy ustnej, intensywność próchnicy, wysokie ryzyko próchnicy
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Dental caries remain a challenge and are severe in Polish children. According to an oral health survey, 53.8% of
3-year-olds in 2015 and 79.9% of 5-year-olds in 2011 had
dental caries.1,2 Caries in children may appear very early
and their prevalence and severity increase with age.
Carious lesions in primary teeth are the best predictor
of the risk for caries in children. According to numerous
studies, children under the age of 3 diagnosed with caries are at a high risk for caries development in permanent
teeth.3,4 Children with caries in primary teeth have three
times greater higher risk of developing caries in their permanent teeth than children without carious lesions.
The dental examinations of primary teeth are too scarce
and preventive treatments too rare in preschool children.1,2,4 According to surveys, over 60% of mothers of
3-year-olds had never taken their children to the dentist.4
Oral health surveys established that 56.3% of mothers
were not interested in the dental health of their children,
whereas 74% took their children to a paediatric consult
once a year.1,2
The objectives of the 11th National Health Plan for
2007–2015 were to decrease caries prevalence and severity in primary teeth and to increase the percentage of
children taking part in awareness programs.4 The WHO,
the Polish Dental Association (PTS), the FDI World Dental Federation, the International Association of Paediatric
Dentistry (IAPD), the International Association for Dental Research (IADR), the Polish Association of Paediatric
Dentistry (PTSD), and the Polish Alliance for a Cavity Free
Future (ACFF) advocating for oral health, defined strategic
oral health goals, meant to prevent caries, which should be
reached by 2020. Among other goals, children aged 3–6
years without caries will undergo close monitoring.
The study was to assess the correlation between the
severity of caries and oral hygiene in Warsaw preschool
children at high risk for caries.

Material and methods
Children who reported to the Department of Paediatric
Dentistry, WUM, and were attending nurseries and preschools in Warsaw were eligible to take part in the study.
The study was approved by the WUM Commission for
bioethics (decision 156/2013).
The inclusion criteria were age between 18 months to
5 years and 11 months and a written consent of the parents/legal guardians for participation in the study. Children
older than 6, non-cooperative, or unwilling to undergo a
dental examination were excluded. The clinical study was
conducted by 3 examiners (the co-authors of the present
paper) after prior calibration using kappa statistics. Children were seated in dental chairs and examined using a
shadowless lamp, a mouth mirror, a dental air syringe and
a WHO-recommended 621 periodontal probe.5 The study
data was recorded in patient charts designed in accordance

with WHO guidelines. Teeth with carious lesions (d), teeth
with fillings (f), and teeth removed because of caries (m)
were counted and the oral hygiene index was calculated.
Carious lesions were assessed according to the International Caries Detection and Assessment System (ICDAS-II),
where 0 represented sound enamel, 1 and 2 early stage decay
limited to enamel (d), and 3–6 carious lesions (p).6
Oral hygiene was assessed before teeth cleaning but after dental debris was disclosed with 3% erythrosine aqueous solution. Green and Vermillion’s oral hygiene index
simplified (DI-S of OHI-S), 19647 and WHO’s 2013 were
used.5 Oral Debris Index Simplified was used as young
children rarely had dental calculus. The prevalence of soft
debris on the buccal surfaces of teeth 55, 51, 65, and 71
and on lingual surfaces of teeth 75 and 85 was assessed; so
was the degree of tooth coverage on a scale of 0 to 3, with
0 – no debris or stains present; 1 – soft debris covering
not more than 1/3 of the tooth surface; 2 – soft debris covering more than 1/3, but not more than 2/3 of the exposed
tooth surface; and 3 – soft debris covering more than
2/3 of the exposed tooth surface. The index equaled the
mean values for all surfaces. Value DI-S (0 < DI-S < 0.6)
indicated good oral hygiene; (0.7 < DI < 1.8) – sufficient;
(1.9 < OHI < 3.0) – poor.
All children and parents received instructions on how
to brush their teeth and healthy eating and hygiene tips.
Dmft and dmfs, d1-2dmft, d1-2dmfs, their components,
and the DI-S were calculated based on the study results,
which were statistically analyzed using the 2 test, the
Wilcoxon signed-rank test, and STATISTICA 10 (StatSoft); significance was set at 0.05.

Results
After calibration kappa equaled 0.88, 180 children, both
sexes, aged 21 to 72 months (mean age 50.27 ±11.27) were
examined (Table 1).
Eighty one percent had caries. Most cases were severe.
Dmft and dmfs equalled 7.20 ±5.33 and 15.65 ±15.82
for an average of 19.04 ±1.99 tested teeth; d1-2dmft
10.81 ±5.63 and d1-2dmfs 20.84 ±16.56.
The main components of d1-2dmft/d1-2dmfs were
carious teeth and surfaces (4.71 ±4.54 and 8.72 ±10.77
respectively). The mean numbers of teeth and surfaces with white spot lesions (ICDAS II 1 and 2) equaled
3.59 ±2.86 and 5.14 ±4.51 respectively; teeth with fillings
– 1.73 ±1.99 and 3.58 ±5.01. Teeth and tooth surfaces lost
to caries equaled 0.79 ±1.74 and 3.39 ±7.56 (Fig. 1).
Mean dmft/dmfs, d1-2dmft/d1-2dmfs and their components were calculated for boys and girls (Table 2).
The differences between both sexes were statistically significantly different for dt (p < 0.05).
The treatment index equaled only 0.27; 0.312 in girls and
0.278 in boys. There was no statistical difference between the
sexes and treatment indexes using the Mann-Whitney U test.
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Table 1. Test group specifics
Main characteristic of data

Boys

Girls

Total

p

50.07
±10.44

51.09
±12.10

50.27
±11.27

0.547

88

92

180

0.673

Number
of examined teeth

1672

1793

3465

Mean number
of examined teeth (±SD)

19.00
±2.12

19.08
±1.87

19.04
±1.99

0.798

Number
of examined surfaces

7384

8011

15395

0.683

Mean number
of examined surfaces (±SD)

83.91
±8.56

85.22
±6.44

84.59
±7.55

0.690

Mean age
(in months) (±SD)
Number
of examined patients

Fig. 2. Mean DI-S and its components in both sexes
Table 3. Spearman’s rank correlation coefficient measures the correlations
between mean dmft, dmfs, d1- dmft, d1-dmfs, their components, age and the DI-S

Fig. 1. Mean d1-2dmft/d1-2dmfs, and their components
Table 2. Comparison of mean dmft/dmfs and d1-2dmft/d1-2dmfs of their
components in boys and girls
dmft, dtms
and their
components

Boys

Girls

Total

p

d1-2t

3.80 ±2.94

3.39 ±2.78

3.59 ±2.86

0.374

dt

5.35 ±4.86

4.09 ±4.14

4.71 ±4.54

0.035*

mt

0.92 ±1.94

0.66 ±1.53

0.79 ±1.74

0.690

ft

1.76 ±2.03

1.70 ±1.96

1.73 ±1.99

0.866

dmft

8.05 ±5.83

6.41 ±4.70

7.20 ±5.33

0.039*

11.83 ±6.21

9.84 ±4.85

10.814
±5.63

0.017

d1-2s

5.27 ±4.79

5.01 ±4.25

5.14 ±4.51

0.953

ds

9.41 ±10.06

8.07 ±11.42

8.72 ±10.77

0.064

ms

4.05 ±8.60

2.77 ±6.39

3.39 ±7.56

0.679

fs

4.31 ±6.12

2.89 ±3.55

3.58 ±5.01

0.310

d1-2dmft

* statistical significance (p < 0.05).

The mean DI-S equaled 1.1 ±0.57; 1.21 ±0.58 in boys
and 0.97 ±0.53 in girls. This difference was statistically significant (p = 0.005). The smallest accumulation of dental
plaque was observed on tooth 51 and the biggest on tooth
85. The amount of dental plaque that was statistically sig-

dmft, dtms
and their
components

AGE (months)

DI-S

Total

Girls

Boys

d1-2t

0.107

0.034

dt

0.047

0.047

mt

0.180*

0.179

0.190

–0.013

0.061

–0.107

ft

0.293*

0.336*

0.279*

–0.021

–0.042

–0.165

dmft

0.245*

0.292*

0.202

0.245*

0.269*

0.149

d1-2dmft

0.259*

0.297*

0.271*

0.221*

0.198

0.164

d1-2s

0.121

0.038

0.119

0.070

0.120

0.169

ds

0.046

0.034

0.015

0.295*

0.302*

0.244*

ms

0.190*

0.185

0.197

–0.016

0.057

–0.108

fs

0.258*

0.363*

0.280*

0.078

0.025

–0.087

dmfs

0.235*

0.255*

0.220*

0.243*

0.271*

0.144

d1-2dmfs

0.227*

0.226*

0.256*

0.227*

0.243*

0.189

Total

Girls

Boys

0.127

0.003

–0.026

0.118

–0.002

0.304*

0.289*

0.247*

* statistical significance (p < 0.05).

nificantly different between both groups was observed on
teeth 55 and 65. Boys had poorer hygiene habits (Fig. 2).
The assessment of the Spearman’s rank correlation coefficient confirmed a statistically significant positive correlation between d1-2dmft, d1-2dmfs, dt, ds and the DI-S,
as well as between patient’s age and dmft, dmfs and mt/
ms, and ft/fs (Tab. 3). There was no statistically significant
correlation between the age and the DI-S in the test group.

Discussion
The present study illustrated that teeth in children below the age of 6 were in very poor condition, which was
also confirmed by other studies.1,2,8–19 Caries occurred
in 81% of the children. According to national studies,
53.8% of 3-year-olds and 87% of 6-year-olds had caries.1,2
Bagińska et al.20 (81.6%), Szczepańska et al.21 (77.98%),
Olczak-Kowalczyk18 (74.58%), and Kaczmarek and
Grzesiak22 (70.0%) reached similar conclusions for children below the age of 3; lower percentages were confirmed by Proc et al.23 (46.5%) and Szmidt et al.13 (47.1%).
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The occurrence of caries in 3-year-olds in the West
Pomerania province currently equaled 47.10% and, therefore, had decreased since 2003 when it equaled 72.9%.13
Between 51–87.97% of 4-year-olds and 62.09–85% of
5-year-olds had caries.11,12,16,18,20,23
A comparison of the results of the various regions revealed geographical differences in the percentage of caries
either higher or lower than the national median.13 There
were 20.1% 5-year-olds without caries at the national level,
from 29.7% in the Kuyavian-Pomeranian province, 29.5%
in Silesia and 13.5% in the Podkarpackie province to 13.2%
in the West Pomeranian province.2 There were 18.8% of
such children in Mazovia, similarly to the present study
(19%). Banaszek, on the contrary, noted a high percentage of 2–4 and 4–5 year-olds (75% and 50% respectively).19
Proc et al. established 46.6% children below the age of 5 in
Lódź had caries, including 34.3% of 3-year-olds.23
However, this was considerably different from the situation in other countries. The percentage was significantly
lower in Finnish (7.3%) and Dutch (8%) children.24 Only
6.6% of Norwegian 3-year-olds and 19.1% of 5-year-olds
had caries25 and 84% of British and Italian preschool children did not have caries,24,26 similarly to Latvian, Swedish,
and American children.3,27,28 Within the last 45 years, the
percentage of 4-year-olds with caries decreased by 67% in
Sweden. It was at 83% in the 70s and it is at 16% today.3
The tendency in the other aforementioned countries was
similar; therefore, it was possible to significantly decrease
the level of caries in deciduous teeth after implementing
long-term awareness and prevention programs.
The present study and other Polish studies reported an
alarmingly high percentage of carious deciduous teeth
and poor hygiene habits in children under the age of 6.
The present study established, comparably to the percentage of deciduous teeth with caries, severe caries illustrated by a mean dmft of 7.20, which was similar to the mean
dmf from epidemiological studies. In Poland over half
of 3-year-olds had carious lesions in at least 3 teeth, and
5-year-olds in at least 5 teeth.4 According to oral health
surveys, dmf in 5-year-olds equalled 5.07; from 7.18 in the
Warmian-Masurian region and 6.02 in Mazovia to 3.55 in
Silesia.2 The dmf of Bialystok children’s between the age of
3 and 7 equaled 6.11.14 Szafrańska and Waszkiel14 established a lower caries severity, with dmf in 3-and-a-half-year-olds equalling 0.77 and in 5-and-a-half-year-olds
3.74. For Proc et al.23 the mean dmf in preschool children
with caries equaled 2.4 and for Leda et al.16 2.74, including
2.26 in 4 and 3.09 in 5-year-olds. Banaszek19 and Schmidt
et al.13 (1.79 in 3-year-olds) confirmed a similar severity of
caries in 2–4-year-olds and 4–5-year-olds (1.09 and 1.64
respectively for Banaszek).19 The dmf in Italian preschool
children equaled 0.94 (including 0.43 in 4-year-olds and
1.94 in 4 to 5 year-olds) and 0.98 and 1.88 in Swedish three
and 5-year-olds.3
The severity of caries in the present study illustrated
the high incidence of dental caries. However dmf was
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higher because caries were diagnosed differently. On top
of WHO criteria, the local loss of the continuity of the
enamel surface within the opaque or discolored carious
enamel with no visible dentine or with translucent dentine with/without local enamel loss, according to ICDAS
II, was also taken into account.
Caries were not always treated in deciduous teeth.
The mean number of deciduous teeth with fillings was
w = 1.73. The present treatment index equaled only 0.27;
however, it was much higher for Kaczmarek et al.29 at
0.085 in 4–5 year-olds and for Hilt et al.11 at 0.09 in 5-yearolds. The index equaled 0.14 in 5-year-olds in Łódź10 and
0.13 in three to 7-year-olds in Warsaw).18 Szafrańska and
Waszkiel confirmed an identically low treatment index
equaling from 0.01 to 0.25.14 A higher treatment index
equaling 0.56 was reported in Poznań preschool children.16 Only 15% of teeth in preschool children were successfully treated vs 80% in numerous countries.15
Poor caries treatment indexes, in the present study and
in other studies, confirmed that preschool children most
often did not regularly go to the dentist. Parents, unaware
of healthy habits, could be often to blame. They often
came to the first dental examination too late to prevent
caries when their children were even 5-year-old.
High oral hygiene indexes reflected a risk for caries in
children.17,18,30 According to Szczepańska the risk for caries in children with poor oral hygiene was 11 times higher
than in children with OHI = 0.30 She assessed different parameters (frequency of brushing, who brushed the child’s
teeth, time elapsed since the beginning of teething until the
beginning of tooth brushing, and OHI) and their impact
on the caries severity in children and concluded that dental
plaque had the biggest impact on the occurrence of caries.21,30 Oral hygiene levels were assessed using appropriate
indexes and, therefore, credible to assess the risk for caries.
Numerous studies suggested oral hygiene was very poor
in the youngest children. According to Olczak-Kowalczyk
only one in every three Warsaw children aged three to
seven had healthy oral habits, whereas 60% were borderline and almost one in ten children had very unhealthy
habits.18 The mean DI-S in the present treatment group
equaled 1.1 ±0.57. The mean DI/OHI in preschool children in Wrocław aged 1.5–3 years equaled 0.69, and that
in three-year-olds from Łódź 0.30.17,21
According to Banaszek oral hygiene was optimal in 2–4
year-olds and good in 4–5 year-olds (using the index of
dental plaque – API – 15 and 32% respectively).19

Conclusions
The caries epidemiological indexes in Warsaw preschool children at high risk for caries indicated caries was
frequent and the demand for treatment high. Poor oral
hygiene promoted caries. Massive accumulation of dental
plaque meant more carious surfaces on the teeth.
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Child health care providers should receive appropriate training and continuing education in oral health,
with emphasis laid on early childhood caries risk assessment. Programs including such components: oral health
screening during medical visits (well-child visits), dental
caries risk assessment, anticipatory guidance (education), fluoride application, referral to a dentist, should
be initiated and improved to prevent dental caries in
children.
A multidisciplinary approach to pediatric oral health
care should be developed, involving physicians, dentists,
hygienists, nurses and preschools.
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Abstract
Background. The pit and fissure areas are 8 times more vulnerable to caries; consequently, sealants have
been proven to be efficient. Acid etching is the standard procedure for enamel etching; however, it leaves a
demineralized surface. Laser Er:YAG is a good etching alternative due to its properties.
Objectives. The aim of this study was to evaluate the effect of different conditioning agents on shear bond
strength (SBS) of sealants in permanent teeth.
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Material and methods. A total of 156 third molar samples were divided into 6 groups (n = 25 each).
Treated as follows: GI acid etching (35% phosphoric acid), GII Er:YAG laser, GIII self-etching adhesive,
GIV acid + Er:YAG laser, GV Er:YAG laser + acid and GVI Er:YAG laser + self-etching adhesive. Er:YAG laser
irradiation was at 19.1 J/cm2, water spraying at 5.0 mL/min. Sealant blocks were made and bonded on the
enamel with a sealant in order to perform SBS test and adhesive remnant index (ARI). Samples were stored (37°C, 24 h), tested, and statistically analyzed with a one way ANOVA, Kruskall-Wallis and Mann-Whitney U. SEM images were taken to assess the conditioning methods (n = 6).
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Results. Er:YAG + self-etching group showed the lowest range. The highest values were observed in GI,
GII and GIII, no significant differences were found among them. The largest amount of adhesive remnant
was found in group V.
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Conclusions. Phosphoric acid (35%), self-etching as well as 35% phosphoric acid + Er:YAG laser protocols showed a better shear bond strength for pit and fissure sealant adhesion. Er:YAG laser + self-etching
protocol is not recommended for this procedure, due to the lack of adequate adhesive strength.
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Modern dentistry requires new prevention options to
decrease the incidence of caries in both adults and children. Pit and fissure sealants are one of the best preventive methods against caries in susceptible teeth, mainly on
occlusal surfaces.1
Nowadays, more effective techniques have been preferred, which are precise and minimally invasive, to prepare hard dental tissues.2 In order to improve the effectiveness of sealants, the use of Er:YAG may be beneficial
due to its properties. Acid etching produces iatrogenic
effects on the enamel surface, such as demineralization
and irreversible loss of approximately 10 μm and, therefore, the surface becomes susceptible to caries.3
Additionally, there have been several studies in which
it has been observed that enamel structure is modified,
increasing the resistance against caries, due to thermally
induced chemical and structural changes in the intrinsic
mineral and organic matrix, as well as reduction of carbonates.4–6
The aim of this in vitro study was to evaluate and compare
shear bond strength of sealants prior to enamel conditioning
under several etching protocols in permanent teeth.

Material and methods
Tooth selection and sample preparation
The protocol of this study was reviewed and approved
by the Research Ethics Committee of Dental Research and
Advances Studies Center, School of Dentistry, at the Autonomous University of the State of Mexico (Certificate of
Ethical Approval: CEICIEAO-2016-003).
A total of 78 sound third molar teeth extracted surgically for therapeutic reasons, with an intact enamel surface and without any evidence of fracture, damage or caries, were obtained with the patients’ informed consent.
The teeth were extracted and collected, stored in a 0.2%
(wt./vol) thymol solution at room temperature for a period no longer than 2 months.
The specimens were cleaned with deionized water, and
any remaining soft tissue was removed with a scalpel.
The crown of each tooth was separated using a diamond
disc (BesQual, New York, USA) mounted on a low-speed
motor (Micro motor M2 Master, M25800011, Drillco
Devices Ltd., Miami, FL, USA) under deionized water
irrigation to prevent dehydration. The crown was fixed
to a glass slide with thermo plasticized epoxy resin
(Allied High Tech Products, Rancho Dominguez, USA).
Afterwards, a diamond wheel (South Bay Technology,
Inc., San Clemente, USA) mounted on a cutter (South Bay
Technology, Inc., USA) was used to obtain the samples
under constant irrigation. Each tooth was cut to obtain
2 halves (mesio-distal). Finally, the samples were thoroughly washed with deionized water.
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A total of 150 samples were used to evaluate the SBS
(n = 25), whereas 6 were used for SEM observations. The
teeth were fixed in acrylic resin; the sample was ground on
the center, using a diamond disc to flatten the enamel surface,
in order to standardize the area. Teeth were pumiced with
fluoride-free paste (Pressage, Shofu Inc, Kyoto, Japan) and
rubber prophylactic cups, washed with deionized water, and
dried with compressed air.
Samples were randomly assigned to one of the 6 groups
of enamel conditioning protocols; diagram of experimental design is shown in Fig. 1.

Surface treatments
One hundred and fifty samples were randomly assigned
to 6 groups (n = 25) as shown in Table 1. Then, the enamel
surface was conditioned as follows:
Group I: Acid etching with 35% phosphoric acid etching gel (Scotchbond Universal®, 3M ESPE, St Paul, MN,
USA). The acid gel was applied on the enamel for 15 s,
rinsed thoroughly with forceful air, deionized with water
spray, and dried with compressed air.
Group II: Er:YAG laser. The irradiation of the specimens
was performed using an Er:YAG laser system (OpusDuo
AquaLite® EC, Er:YAG + CO2, Lumenis, Yokneam, Israel).
The main experimental parameters of the laser utilized
during the study were wavelength fixed at 2.94 μm, energy
pulse from 150 mJ, energy density 19.1 J/cm2, pulse repetition rate of 10 Hz, pulse duration of 400 μs, and an exit
tip diameter of 1.0 mm.
Energy levels were calibrated using the calipers of the
equipment, and the energy delivered was measured periodically with a power meter. The surface was scanned
once by hand for 15 s, perpendicular to the enamel surface of the samples, at a working distance of 1 mm and deionized water spraying at 5.0 mL/min. After Er:YAG laser
irradiation, samples were rinsed thoroughly with deionized water spray and dried with compressed air.

Fig. 1. Diagram of experimental design
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Table 1. Study groups
Group

Etching agents

GI

35% phosphoric acid

G II

Er:YAG laser

G III

Self-etching adhesive

G IV

35% phosphoric acid + Er:YAG laser

GV

Er:YAG laser + 35% phosphoric acid

G VI

Er:YAG laser + self-etching adhesive

Group III: Self-etching adhesive, with Adper Prompt
L-Pop® (3M ESPE, St Paul, USA). It was activated according to the manufacturer’s instructions. The resulting mix
was then applied by continuously rubbing it the enamel
surface for 15 s, which was then slightly dried using compressed air for 1–2 s, and then light-cured with Ortholux
Luminous Curing Light® (3M Unitek) for a total of 20 s.
Group IV: Phosphoric acid + Er:YAG laser with 35%
phosphoric acid etching gel (Scotchbond Universal,
3M ESPE, St Paul, USA) + Er:YAG laser, with the same
irradiation parameters as used in group II.
Group V: Er:YAG laser + phosphoric acid, with the same
parameters used in group II + 35% phosphoric acid etching gel (Scotchbond Universal, 3M ESPE, St Paul, USA).
Group VI: Er:YAG laser + self-etching adhesive, with
the same parameters used in group II + self-etching adhesive Adper Prompt L-Pop (3M ESPE, St Paul, USA).

Bonding procedure
The specimens were prepared for the SBS test. To support this test, 150 sealant blocks (ClinproTM, 3M ESPE,
St Paul, USA) 3 × 2 × 1.5 mm in size were built. Each block
was polymerized 20 s with Ortholux Luminous Curing
Light (3M Unitek). Finally, each block was bonded with
a sealant to the treated enamel surface. It was light-cured
by Ortholux Luminous Curing Light (3M Unitek) for a total of 20 s.

Shear bond strength (SBS)
SBS test was performed with a crosshead speed of
0.5 mm/min until fracture occurred. It was determined
and expressed in megapascals (MPa) for each specimen.
This was accomplished using the flattened end of a steel
rod attached to the crosshead of a universal testing machine (Autograph AGS-X, Shimazdu, Kyoto, Japan).

Adhesive remnant index (ARI)
Once sealant blocks had been debonded, the enamel
surface of each tooth was examined with a stereoscope
(Nikon, Tokyo, Japan) at a magnification of ×10 to determine the amount of residual adhesive remaining on each
tooth. To delimit the area to be evaluated, a 3 × 2 mm window was cut in the center of a 9 × 9 mm colored film tape,

and marks every 1 mm were carried out around it. This
template was placed on the debonded area. The modified
ARI scores were recorded with the following scale: 0 = no
sealant left on the tooth, 1 = less than half of sealant left
on the tooth, 2 = more than half of the sealant left on the
tooth, and 3 = all the sealant left on the tooth.

Scanning electron microscope (SEM)
After surface treatment, 6 etched samples (without
bonded sealant block) were dried at room temperature.
All the samples were fixed to aluminum stubs with an adhesive carbon tape (SPI Supplies, USA). The analysis was
performed using a scanning electron microscope (JEOL,
JSM-6510LV, Japan) in the low vacuum at 10 Pa of chamber pressure, with electron acceleration voltage of 25 kV
and detecting backscattered electrons. Enamel surface
morphology was observed at ×100, ×500 and ×1000 magnification.

Statistical analysis
All the data was analyzed using the SPSS 21 statistical package (SPSS IBM, New York, NY, USA). The Kolmogorov-Smirnov test was performed to estimate the
distribution of the data. The one way analysis of variance
(ANOVA) was used to compare the shear bond strength
in the groups; when significant differences were found,
the Tamhane’s T2 post-hoc tests were applied, due to
Levene’s test of homogeneity of variance showing different variances. Kruskall-Wallis and Mann-Whitney U tests
were used to estimate the differences between ARI groups
with a level of significance p ≤ 0.05 in the whole statistical
analysis.

Results
The SBS, expressed in MPa, and descriptive statistics
are shown in Table 2; Er:YAG + self-etching group showed
the lowest range. The highest values were observed in
group I, group II and group III, no significant differences
were found among them. The ARI scores indicating the
amount of adhesive remaining after debonding are shown
in Table 3. Kruskall-Wallis and Mann-Whitney U tests
comparison of the ARI scores indicated that group V
was significantly different from all groups (p ≤ 0.05). The
largest amount of adhesive remnant also was found in
group V.
SEM analysis showed the different etching patterns obtained for each group (Fig. 2). After phosphoric acid treatment (Fig. 2a–c), a typical etching pattern was observed,
mixed prism centers and prism periphery etching. For
Er:YAG laser etching group (Fig. 2d–f ) a rough surface
with increased exposure along the prisms was observed,
as well as microcracks.
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Table 2. Mean bond streght values (MPa) and descriptise statistics
Group

n

Mean

SD

Range

* Tamhane’s T2

I

25

10.98

3.96

19.09–3.04

A

II

25

7.99

2.04

12.18–3.81

B

III

25

8.31

2.86

14.04–2.06

A, B

IV

25

10.39

2.30

13.60–5.44

A

V

25

7.72

2.48

12.47–2.05

B

VI

25

4.56

1.74

11.05–2.90

C

* Groups with different letters are significantly different from each other;
Tamhane’s T2 post- hoc test, p ≤ 0.05.

Self-etching group (Fig. 2g–i) showed an etching pattern less pronounced, with an apparent lower loss of interprismatic substance.
For acid + Er:YAG laser group (2m, 2n and 2o), characteristics combination for groups I and II was observed.
Er:YAG laser + phosphoric acid group showed a rough
surface, microcracks and a mild etching pattern.
Findings for Er:YAG laser + self-etching group (2p,
2q and 2r) exhibited minimal loss of interprismatic substance, when compared to group III.

Discussion
Because detecting caries ahead of time increases the
possibility of minimizing the loss of dental tissue, by allowing remineralization and permitting the practitioner
to take preventive or minimally invasive measures,2 different methods, technological innovations as well as the
evolution of dental materials have been used for enamel
surfaces conditioning prior to sealant placement in an attempt to increase adhesion.7
In the present study, several etching protocols were evaluated, conventional etching, self-etching adhesive, Er:YAG laser irradiation, as well as some combination procedures.
Although Ciucchi et al. indicates that pre-treatment
with Er:YAG laser produces similar results as phosphoric
acid on enamel surface as those observed in this research
micrographs, SBS evaluation showed lower values for
Er:YAG laser protocol alone compared to phosphoric
acid, self-etching and phosphoric acid + Er:YAG groups.8
Ciucchi et al.8 and Yung et al.9 concluded that the combination of phosphoric acid + Er:YAG laser improved SBS and microfiltration, respectively. Additionally, Lupi-Pegúrier et al.
assumed that if Er:YAG laser can effectively be used for the
preparation of dental enamel before sealing pits and fissures,
it must be associated with acid etching to provide a suitable
surface, which is not conducive to microleakage.10 It was
concluded that acid etch technique remains mandatory even
after laser conditioning, for both enamel and dentin.10,11
The adjunction of phosphoric acid etching to laser has
not surpass simple acid etching, a finding corroborated
in this and other studies outcomes.8,12,13 However, its use

Fig. 2. Representative scanning electron microscopic (SEM) micrographs
of enamel surfaces for each etching protocol

could be justified by the fact that several studies11,14,15 reported that enamel Er:YAG laser results in a suitable micro retentive pattern for adhesion and can increase enamel acid resistance,9,15-17 contrary to acid etching which
demineralizes enamel surface leading to caries.15,18
Additionally, it is also thought to have an antibacterial
effect by entrapping free ions12,18,19 and forming remineralization microspaces.12,19 Nevertheless, laser treatment
requires specific considerations as the use of correct
tip,8,15,20 adequate energy, otherwise could result in sub
or over ablative energy, causing either flacking8,18,21,22 or
vitrification.8,20 Furthermore, dental tissues response depends on several conditions such as focal distance, irrigaTable 3. Distribution frequency and percentages of the adhesive remnant
index (ARI)
Group

n

ARI Scores (%)
0

1

2

3

Statistic
analysis

I

25

17 (68)

5 (20)

3 (12)

0 (0)

A, B

II

25

19 (76)

6 (24)

0 (0)

0 (0)

A

III

25

11 (44)

11 (44)

2 (8)

1 (4)

B

IV

25

18 (72)

6 (24)

1 (4)

0 (0)

A

V

25

1 (4)

12 (48)

12 (48)

0 (0)

C

VI

25

22 (88)

3 (12)

0 (0)

0 (0)

A

* Groups with different letters are significantly different from each other.
Kruskall-Wallis and Mann-Whitney U tests, p ≤ 0.05.
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tion, among others;15,23 in addition, ablation process could
lead to produce a microretentive surface on enamel.20,22
Regarding the self-etching adhesive employed in this
study, it had similar SBS values to all the groups, except
for group VI (in combination with previous Er:YAG laser
irradiation). It has been reported that same self-etching
adhesive resulted in SBS value comparable to that obtained for phosphoric acid, when they were employed for
enamel etching previous to orthodontic brackets bonding.24 In addition, self-etching adhesive leaves fewer remnants, so it might be beneficial because the enamel is less
damaged,24–26 as shown by SEM micrographs. An additional advantage of several self-adhesive systems are the
antibacterial properties against Streptococcus mutans.27
Łukomska-Szymanska et al. reported that different selfetching bonding systems exhibited higher antimicrobial activity than some total-etching adhesives against
Enterococcus faecalis.28 Specifically, Adper Prompt L-Pop
exhibited the highest antibacterial effect among other 6th
generation bonding systems.29
Moreover, we observed that Er:YAG laser and self-etching adhesive combination was not adequate in improving
SBS, in contrast to Yung, et al., who found that enamel
laser conditioning did not significantly change the bond
strength of the 4th, 6th and 7th generations of bonding systems.9 Additionally, Chen et al. reported that Er:YAG laser
conditioning may not compromise self-etching adhesives
efficacy when employed for dentin conditioning.30
Based on the evaluation of all outcome parameters defined in this in vitro study, the etching protocols could be
grouped into 4 categories according to SBS values and
statistical analysis. Optimal adhesion includes phosphoric
acid and phosphoric acid + Er:YAG laser groups, followed
by appropriate adhesion for self-etching group, sufficient
adhesion for Er:YAG laser and Er:YAG laser + phosphoric
acid groups. Finally, there was insufficient adhesion for
Er:YAG + self-etching group.
It is suggested that decisions of clinical use for the optimal, appropriate and sufficient categories would be based
on the specific conditions of each patient, as well as the
available resources. However, considering that in vitro
conditions have limitations, it is worth conducting further
research to evaluate the in vivo effects of enamel conditioning on sealant retention.

Conclusions
The results of this study suggest that the most appropriate
enamel etching protocols for pit and fissure sealants adhesion on permanent teeth were phosphoric acid etching per
se or in combination with Er:YAG laser irradiation (after acid
etching). Er:YAG laser + self-etching protocol is not recommended, because bonding value is not clinically acceptable.
The authors declare that there is no conflict of interests
regarding the publication of this paper.
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Abstract
Background. Bitewing radiograph is one of three types of intraoral X-rays. It shows the crowns of upper and lower teeth at the same time and their marginal periodontium and it is more often used for the
imaging of posterior teeth than incisors and canines. The main indication is the diagnosis of caries on the
proximal surfaces, but also to evaluate the quality of dental fillings and the follow-up status of marginal
periodontium.
Objectives. The aim of this study was to verify dentists’ knowledge of this kind of imaging, the awareness
of the indications for its use and the frequency of referral for such examinations.
Material and methods. A survey was conducted among 100 dentists working in Lublin and its surroundings. The questions included years of professional experience, possessing a specialization, frequency
of use of bitewings in diagnosis and checking the knowledge of the radiograph’s anatomy and indications.
The data was statistically analyzed.
Results. Of 100 respondents, 57 people said that they had never referred any patient for a bitewing
radiograph. As many as 79 doctors have not used such an examination in their workplace. There was
neither a significant correlation between completed specialization and taking radiographs by dentists in
their work place (p = 0.39), nor knowledge of the anatomy of bitewing radiographs (p = 0.43). For 26
respondents, bitewing is synonymous with occlusal radiograph, and 92.3% of them have work experience of more than 10 years. As many as 58% of the respondents did not know the indications to perform
bitewing examination.
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Conclusions. The results of this survey show that dentists do not recommend bitewing examinations despite its obvious advantages. This may be due to the fact that many patients’ dental caries are already very
advanced, thus frequently producing inflammatory changes of the apical periodontium, which are visible
on periapical radiographs, but not in bitewings.
Key words: survey, radiography, caries, bitewings
Słowa kluczowe: ankieta, zdjęcie rentgenowskie, próchnica, zdjęcie skrzydłowo-zgryzowe
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Tooth decay is one of the most common diseases in the
world caused by bacteria. The challenge is to diagnose it
properly, especially when it concerns early carious lesions
on proximal surfaces.1,2 This is not easy in practice, because tooth caries develop slowly and do not produce any
symptoms in the early stages.3,4 As carious lesions are often present on the proximal surfaces, it is recommended
to perform not only a visual and clinical examination but
also use bitewing X-rays.4–6 Other guidelines for taking
such radiographs are examinations to determine if restorations are correct and to examine the periodontium.1,2,7-10
On a properly taken X-ray, the crowns of both upper
and lower teeth and also their cervical areas are visible at
the same time, but it is not possible to demonstrate root
apices and periapical area7,11 (Fig. 1a–b). The combination
of these two methods significantly improves the chances
of proper diagnosis.4 If a dental caries is discovered early
enough, it can easily be cured and in this way invasive
treatment and excessive destruction of tooth hard tissue
can probably be avoided.1,12
Radiography increases the sensitivity of the visual examination, which is why it is now considered the best
performing test available for discovering dental caries on
proximal surfaces.3 Bitewing X-rays are the best method
in this kind of diagnosis; they have higher sensitivity and
specificity compared to other techniques.5 This method
is a very useful diagnostic tool used in everyday dental
practice.1,4,14
The aim of the paper is to verify dentists’ knowledge of
bitewing radiographs, the awareness of the indications for
its use and the frequency of referral for such examinations.
Fig. 2. The survey questionnaire

Material and methods
The material consisted of questionnaires filled out by
100 dentists working in Lublin (Poland) and its surroundings. The questions took into consideration such factors
as seniority, having a specialization and the frequency of
using bitewing X-rays in diagnosis. The questions also regarded the knowledge of radiographic anatomy and indications for using bitewing X-ray (Fig. 2).
The data collected was analyzed by means of STATISTICA software for Windows. The confidence level was
95% and the results with a probability value of p < 0.05
were regarded as significant.

Fig. 1a–b. Examples of properly taken bitewing radiographs of right and
left side

Results
Out of the 100 dentists taking part in the survey, 57 said
that they had never ordered a bitewing radiographic examination. No statistical differences were observed between
the work experience of the surveyed and the frequency of
referring patients for examination (p = 0.41), as well as taking the radiographs themselves (p = 0.21). Seventy-nine
doctors have never used bitewing X-ray in their workplace.
Forty-two percent of the dentists answered correctly
about the structures visible in bitewings. There was a significant relationship between the period of work and
knowledge of anatomy (p = 0.0001), and 58% of the people
who took part in the survey did not know the specific indications for bitewing X-rays (Table 1).
For 26 of those surveyed, there is no difference between
bitewing and occlusal X-rays and 92.3% of them had worked
longer than 10 years. The period of professional experience
was statistically correlated with correct distinction between
the two types of radiographs (p = 0.00003). Ten percent of
doctors said that they did not know that there was a differ-
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Table 1. Detailed results of the survey on bitewing radiograph
Years of professional
experience
Under 5 years
5 to 9 years

Number of taken bitewing radiographs
never

a few times a year

once a month

a few times a week

Number of dentists, who have knowledge
of specific indications for bite-wing X-rays

75%

16.7%

8.3%

0

63.9%

92.9%

7.1%

0

0

57.1%

10 to 19 years

92%

0

8%

0

16%

Over 20 years

64%

24%

8%

4%

28%

ence between the aforementioned examinations. Among
the dentists who responded properly, 45.3% had graduated
no more than 5 years previously.
There was a statistically-proven dependency between having completed a dental specialization and referring patients
for bitewing radiographs (p = 0.007). Fifty-six percent of the
surveyed doctors had never needed this kind of radiograph
in their work. Thirty percent said that they had referred only
a few patients per year for bitewings and 48.65% of them had
completed a specialization course. There was no significant
correlation between being a specialist in any dental field and
the frequency of the respondents using the radiographs in
their work place (p < 0.39), nor in their knowledge of the
anatomy for bitewing radiographs (p < 0.43).

Discussion
The visibility of proximal dental caries on bitewing radiographs depends on many factors, such as the position
of the tooth in the bone, advancement of the caries, settings of the X-ray tube, and the superposition of normal
anatomical structures and artefacts.5 An example of an
artefact is the so-called cervical burnout, which is located
in a cervical region of premolar teeth and molar teeth and
is due to uneven thickness of the tooth and thus unequal
attenuation of the X-ray beam.1,14
The main issue with bitewing radiographs is that patients
feel uncomfortable during the X-ray examination, especially taken by means of direct digital sensors – the so-called
“solid” ones.6 This discomfort can be reduced by using
conventional films or digital sensors that have a more ergonomic shape.15 Attempts to improve the quality of X-ray
images have led to the introduction of positioning devices
which not only provide support to the X-ray detector but
also provide the right angle of the X-ray beam.16
Still, there are large discrepancies in the frequency of
usage of bitewing radiographs in different countries.
In Sweden and Norway, bitewings are routinely taken
along with a clinical examination in 90% of patients.4 In
Poland, these X-rays are less common than periapical
radiographs despite obvious indications.7 In Poland, the
panoramic radiograph is a more popular method of radiographic diagnosis than bitewing X-ray. It has been proven
that a single panoramic X-ray is less effective than bitewing radiograph in the diagnosis of dental caries and it is
not indicated in the prophylaxis of caries.5

To improve the technique of bitewing radiography and
also make it more popular, scientists are trying to minimize the radiation risk connected to its usage. It has been
proven recently that lowering the peak voltage of the intraoral X-ray tube from 70 kV to 60 kV has no negative
effects on the quality of the picture and, indirectly, on the
follow-up of carious lesions17,18. It has also been proven
that removal of soft tissues (especially the cheek) from the
area where the X-ray beam is directed improves the quality of the X-ray of the bone and the contrast of the picture,
thereby it increases the sensitivity of a bitewing.19
Removal of soft tissues seems to have a more important
effect on the quality of the picture than the time extension
of the X-ray exposure.
Bitewing X-ray is the second-best method in the followup of the degree of atrophy of alveolar bone of the jaw
and alveolar part of the mandible, second only to periapical radiographs. Bitewings are more sensitive than clinical examination in the assessment of primary caries on
approximal and occlusal surfaces. The sensitivity of approximal caries detection is 2 times higher in bitewing radiography compared to clinical diagnosis; in other words,
half of approximal cavities are not diagnosed in clinical
examination.18–20
One of the newest inventions is the technique of extraoral bitewing X-ray with a reduced dose of radiation for
the patient.5 This type of X-ray is easier to be taken with
patients with whom it is not possible to apply the standard
method of taking bitewing X-rays; e.g. with patients with
a strong gagging reflex, patients with spasms of the jaw
muscles (trismus) or people with mental disorders. However, extraoral bitewing is not as effective in diagnosing
tooth decay as intraoral bitewing radiograph.5,6
The results of the survey may stem from the fact that
tooth decay is so advanced in Poland when reported and
inflammatory changes of the apical periodontium are so
extended that these force doctors to use periapical radiograph, which additionally shows this area, unlike bitewings.

Conclusions
Despite many advantages, the results of the survey show
that doctors do not prescribe bitewing X-ray. One can come
to the conclusion that the longer the seniority of the dentists,
the more frequently they tend to forget about the qualities
and indications in ordering bitewing radiographs.
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Abstract
Background. E-smoking is a new phenomenon, not only as an opportunity to limit or quit smoking, but
it may become an introduction to traditional smoking, especially by young people.
Objectives. The paper reports an analysis of electronic cigarette use among Polish dental students, particularly concerning the reasons for using e-cigarettes.
Material and methods. The research was conducted among 3 medical universities of Poland. The data
collection took place between May 2015 and May 2016. There were 581 people (161 men and 420 women)
enrolled into the study. All the examined students were 20–25 years old. They were asked to answer 6
questions.
Results A total number of 420 women and 161 men completed the survey form. In the examined group,
there were 100 smokers (17.21%), of which 62 were women, and 38 were men (62 and 38%, respectively). Among the smokers, 39 people (6.71% of whole examined population) were smoking traditional
cigarettes, 10 students (1.72%) were smoking e-cigarettes, and 51 people (8.38%) were smoking both
traditional and electronic cigarettes. Among the 39 e-cigarette smokers, there were 26 women and 13
men. The most common time frame when they had begun smoking electronic cigarettes was within less
than 6 months. For 28 students (45.9%), e-smoking was associated with a trend. Next, 18 people (35.29%)
believed that electronic cigarettes would help them quit smoking. The other, rarely-mentioned reasons for
using e-cigarettes were: traditional cigarettes’ disturbance to the community, lower costs (than traditional
cigarettes) and being allowed to use them in public places.
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Conclusions. The main reason for taking up electronic cigarettes was the increasing trend. E-smoking is a
new phenomenon, and it may become an introduction to traditional smoking, especially by young people.
Key words: epidemiology, electronic cigarettes, e-smoking
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Smoking of electronic cigarettes is a new phenomenon.
On one hand, it may constitute an opportunity to limit or
quit smoking, but on the other hand it may become an introduction to traditional smoking. The most susceptible
groups are young people, and those already addicted to
nicotine.1–5 To date, it is impossible to assess the advantages of e-smoking and the risk of undesirable effects, and
even the toxic influence on oral cavity tissues,6 due to the
complexity of the phenomenon and an inadequate number of accurate clinical and laboratory studies.
Habitual smokers have the worst clinical results in
surgical, nonsurgical and regenerative periodontal treatment. Among the negative influences of nicotine on the
periodontium, the following may occur: changes in the
subgingival biofilm in the direction of a quantitative and
qualitative increase of periopathogens, immunomodulation of the host reaction, e.g. intensification of the destructive processes of the connective tissue and the bone,
and deficiency of the healing process.7–9 Accordingly,
nicotine is considered as the main etiological factor in
certain precancer states of the oral cavity mucosa, such as
leukoplakia or neoplasms.10–12
An important part of prophylactic-therapeutic treatment states minimizing nicotine doses. Nicotine replacement therapy may include patches, tablets or chewing
gum containing nicotine. In recent years, attention is
focused on so-called electronic cigarettes (e-cigarettes)
containing nicotine.13–16
According to the World Health Organization, one of the
most serious health threats in the world is tobacco smoking. It concerns not only general health problems (including cardiovascular disorders or breathing system disorders), but also oral cavity health (including the periodontal
and oral mucosa condition). Habitual smokers have poor
clinical results in surgical, nonsurgical, and regenerative
periodontal treatment. Among the negative influences of
nicotine on the periodontium, the following may occur:
unfavorable changes in subgingival biofilm (e.g. quantitative and qualitative increase of periopathogens), immunomodulation of the host reaction (e.g. the intensification of
the destructive processes on the connective tissue and the
bone), and deficiency of the healing process.7–9
In the available literature, there is an insufficient number of studies concerning e-cigarette use among future
dentists. This paper reports an analysis of electronic cigarette use among Polish dental students, particularly concerning the reasons for using e-cigarettes.

Material and methods
the research was conducted among 3 medical universities of Poland: the Medical University of Gdańsk, the
Medical University of Bialystok, and Jagiellonian University Collegium Medicum of Cracovia. The data collection
took place between May 2015 and May 2016. There were
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581 people (161 men and 420 women) enrolled into the
study. All the students examined were between 20 and 25
years old. They were asked to answer the questions included in the survey presented below:
1. How long have you been an EC smoker? (0–6 months,
7–12 months, 1–2 years, 2–3 years, over 3 years);
2. Did you previously smoke traditional cigarettes?
(YES/NO);
3. How long did you or have you been smoking traditional cigarettes? (0–6 months, 7–12 months, 1–2 years,
2–3 years, 3–5 years, 5–10 years, over 10 years);
4. Are you using EC to quit smoking? (YES/NO);
5. Do you have any other reasons for using EC? (YES/NO);
6. Other reasons for using EC (traditional smoking
disturbs people nearby, it’s cheaper than traditional
smoking, can be used in public places).
The study protocol was approved by the Ethics Committee of the Medical University of Gdańsk, Poland
(NKBBN/161/2014). The ethical aspects of the research
followed the World Medical Association Declaration of
Helsinki.
Statistical analysis was performed using Microsoft Office Excel 2007 and STATISTICA v. 10 (StatSoft Polska).
A 2 statistical formula with Yates’s correction for continuity was used. Results with a p-level value lower than
0.05 and 0.001 were considered statistically significant.

Results
The exact numbers and percentage of smokers and nonsmokers are presented in Table 1. A total number of 420
women and 161 men completed the survey form. In the
examined group, there were 100 smokers (17.21%), of
which 62 were women and 38 were men (62 and 38%, respectively). Among the smokers, 39 people (6.71% of the
whole examined population) were smoking traditional
cigarettes, 10 students (1.72%) were smoking e-cigarettes,
and 51 people (8.38%) were smoking both traditional and
electronic cigarettes. In comparison to men, women were
smoking both traditional and e-cigarettes more frequently; this result was statistically significant (p < 0.05).
The quantity and percentage of electronic cigarette users in terms of time when smoking started are presented
in Table 2. Among the 39 e-cigarette smokers, there were
26 women and 13 men. The most common time frame
when they had begun to use electronic cigarettes was
within less than 6 months. What is more, the majority in
this group (respondents who had started smoking within
the last 6 months) were women, and it was statistically
significant (p < 0.05).
Table 3 presents the causes of electronic cigarette
smoking. For 28 students (45.9%), e-smoking was associated with a trend. Next, 18 people (35.29%) believed that
electronic cigarettes would help them quit smoking. The
other, rarely-mentioned reasons for using e-cigarettes
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Table 1. Characteristics of study group
Number and percentage of:

Females No (%)

Males No (%)

a

Non-smokers

b

All No (%)

358 (85.24)

123 (76.4)

481 (82.79)

26 (6.19)

13 (8.07)

39 (6.71)

Smokers traditional cigarettes only
Smokers electronic cigarettes only
Smokers traditional and e-cigarettes
Total

6 (1.43)

4 (2.48)

10 (1.72)

30c (7.14)

21d (13.04)

51 (8.78)

420 (72.29)

161 (27.71)

581 (100)

p < 0.05 for a–b, c–d.

rats’ hearts. Furthermore, Yu et al.18 presented findings of
changes in the DNA which resulted from e-cigarette aerosol, which were similar to those caused by tobacco smoke.
The effectiveness of nicotine distribution from e-cigarettes seems to be an important factor as well. Research
conducted by Eissenberg,19 as well as the findings of Vansickel et al.20 showed that e-smoking results in a lower
nicotine concentration in the blood circulation system,
in comparison to traditional smoking. Interesting results
have also been presented by Goniewicz et al.21,22 Their
studies focused on the nicotine concentration in aerosols,
as well as on the quantity of nicotine being delivered to
the human body while smoking a single traditional cigarette with a determined nicotine amount.
Due to the fact that e-cigarette smoking is a modern issue, the long-term effects are hard to predict. Research
concerned with the long-term influence of e-smoking on
pulmonary tissues should be conducted. However, there
are reports on changes in the blood,23 and on subjective
symptoms.23,24 Furthermore, studies focused on the effects of passive inhaling of e-cigarette aerosols are strongly recommended. The accessible findings are ambiguous.

were: traditional cigarettes’ disturbance to the community, lower costs (than traditional cigarettes) and being
allowed to use them in public places. Compared to men,
women more frequently indicated the trend as the main
reason for using e-cigarettes; and it was statistically significant (p < 0.05).

Discussion
The findings presented show that the main reason for
e-cigarette smoking is the rising trend. What is more, the
plurality of dental students became e-smokers less than
6 months before the survey took place. The study reflects
the findings of Callahan-Lyon,2 which showed an increase
in e-cigarette smoking among not only young adults, but
also among children. To date, there is an increasing number of publications concerning the influence of electronic
cigarettes on the human body, as well as literature comparing traditional and electronic smoking. What is more,
Farsalinos et al.17 showed that cinnamon-flavored liquids
have a cytotoxic influence on myoblasts isolated from
Table 2. Number and percentage of electronic cigarettes smokers in terms of time
Number and percentage of students smoked e-cigarettes for:

Females No (%)
a

Males No (%)
b

All No (%)

0–6 months

26 (69.44)

13 (56.00)

39 (63.93)

7–12 months

2 (5.56)

4 (16.00)

6 (9.84)

1–2 years

4 (11.11)

4 (16.00)

8 (13.11)

2–3 years

2 (5.56)

1 (4.00)

3 (4.92)

3–5 years

3 (8.33)

2 (8.00)

5 (8.20)

Females No (%)

Males No (%)

All No (%)

19a (52.78)

9b (36.00)

28 (45.90)

5 (13.89)

2 (8.00)

7 (11.48)

p < 0.05 for a–b.
Table 3. Reasons for using e-cigarettes
The main reasons for using e-cigarettes:
Trend
Traditional cigarettes disturb1
2

Costs (is cheaper)

2 (5.56)

0 (0.00)

2 (3.28)

Is permitted in public places3

3 (8.33)

5 (20.00)

8 (13.1)

1&2

1 (2.78)

3 (12.00)

4 (6.56)

1&3

0 (0.00)

2 (8.00)

2 (3.28)

2&3

1 (2.78)

0 (0.00)

1 (1.64)

1&2&3

5 (13.89)

4 (16.00)

9 (14.5)

As help with quitting (traditional and e-cigarettes):

11 (36.67)

7 (33.33)

18 (35.29)

p < 0.05 for a–b.
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Fluoris et al. indicate that nicotine from traditional cigarettes has a comparable influence on passive smokers and
the nicotine from e-cigarettes.25 Contrarily, Czoguli et al.
reported lower nicotine concentrations in the air when
using e-cigarettes, compared to traditional ones.26
To date, e-cigarette use by teenagers, and even children,
is a major concern. A survey conducted by Goniewicz et al.
among Polish teenagers between 15 and 19 years old presented a successive increase in the prevalence of e-smoking.4,27 The presented study mirrors these findings. Moreover, our research was conducted on a group of dental
students, which makes the result even more alarming,
as future medical doctors should be aware of the negative influence of nicotine on general health, as well as on
the condition of the oral cavity. On this subject, very interesting research about the scale of nicotine use among
Polish dentists was presented by Konopka et al.28 Their
research showed that the prevalence of addiction to nicotine among dentist was 10% lower compared to the general population, but in relation to other foreign studies, it
was an average level.
Furthermore, to date there are no epidemiologic cohort
studies on the long-term effects caused by e-cigarettes on
the oral cavity tissues or general health condition, as well as
comparing them with those caused by traditional cigarettes.
Considering the proven negative effects of nicotine on
oral cavity tissues, as well as the inadequacy of evidence
of an inoffensive influence of e-cigarettes, the dentists
should focus on so-called minimal antinicotine intervention, with an allowance for using e-cigarettes as a shortterm alternative when quitting smoking.
The main reason for taking up electronic cigarettes was
the increasing trend. The majority of e-cigarette smokers
had been using them for less than 6 months. More than
1 in 3 smokers started using electronic cigarettes with the
hope that it would help them quit smoking.
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Abstract
The oral cavity is the first part of the digestive and respiratory systems; it fulfills important vital functions.
Its normal function is dependent on many factors, both internal and external. The oral mucosa is constantly
exposedtotheinfluenceofexternalfactors.Inaddition,variousforeignbodiesaremoreoftenplacedinthemouth,
for both therapeutic treatment and decoration. For example: oral piercing, braces, dental implants, amalgam
fillings. All of these factors can adversely affect the function of the mucosa as well as the whole organism.
This paper is a review of recent literature and an analysis of the impact of selected foreign bodies on the
oral cavity and the whole body, with particular attention paid to the risks associated with piercing. Studies clearly show that the presence of foreign bodies in the mouth contributes to the formation of many
pathological conditions and diseases. They can be just local complications, but in some cases also general.
Literature reports indicate that the presence of foreign bodies in the mouth can also lead to complications
that have serious consequences to overall health. The presence of foreign bodies, particularly in the oral
cavity can adversely affect its functioning and health of the entire system.
Key words: dental implants, oral mucosa, braces, dental amalgam, oral jewelry
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The oral cavity is the first part of the digestive and respiratory systems; it fulfills important vital functions. Its
normal function is dependent on many factors, both internal and external.1,2
Drinking boiling water, consuming alcohol, or breathing in tobacco smoke are notorious for causing irritation
of the oral mucosa. The mucosa is constantly exposed
to the influence of external factors. In addition, various
foreign bodies are more often placed in the mouth, for
both treatment and decoration. All of these factors can
adversely affect the function of the mucosa as well as the
rest of the digestive system.3
The main component of the liquid of the oral environment is saliva, fluid produced by large and small salivary
glands. Saliva consists mostly of water; it makes up about
94–99.5% of saliva. The rest of the ingredients of saliva are
solids as well as organic and inorganic substances. Saliva
fulfills a number of crucial functions such as digestion,
caching, acting as an antibacterial agent, remineralizing
teeth, cleaning, and repairing damaged tissues. Prolonged
contact of the oral mucosa with foreign objects may impair its function and lead to major changes both within it
and throughout the body.1
Body modifications present a significant risk factor for
local and systemic complications. This paper is a review of
recent literature and an analysis of the impact of selected foreign bodies on the oral cavity and the whole body, with particular attention paid to the risks associated with piercing.

Mouth piercing
Piercing the oral cavity has become very popular in recent years, especially amongst young people. Ornamentation is often placed on the tongue, lip, and cheek. Most
young people decide to puncture their bodies in professional salons that specialize in body piercings. However,
due to the high cost of such services, many people choose to
perform such a procedure independently at home, or they
ask an untrained person to perform it, which often results
in contamination and multiple complications.4,5 Jewelry is
generally made of metals like stainless steel or titanium, as
well as materials such as nylon, teflon, rubber, acrylic. Most
piercings worn in the mouth are in the form of a bar that
terminates at both ends with a ball that is screwed on.6

Local complications of oral piercings
Piercing of the oral cavity is a surgical intervention in
the soft tissues, essentially interrupting its permanence.
If such a procedure is performed without knowledge of
anatomy and without abiding by the practices of basic hygiene, it can lead to many serious complications.6
Local complications can include pain, swelling, bleeding, and local infection, among other things. They occur
within the first 24 h after treatment and are directly re-
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lated to the interruption of tissues and by the presence
of a foreign body in the mouth. Early complications can
also include difficulty in speaking and eating disorders, reduced tongue mobility, damage to the mucosa, increased
saliva secretion, and displacement of piercings into the
tongue muscles. Nerve damage such as facial nerve, trigeminal, hypoglossal, glossopharyngeal also belong to the
early complications of piercing.5,6
The effects of long-term use of piercings in the oral cavity also include damaged tooth enamel, cracking and spatter fragments thereof, which may lead to hypersensitivity
and even inflammation of the tooth pulp. In current literature one can find evidence of recession and damage of
the gums of people with piercings in their tongues.7
Speaking, eating, and fiddling with the piercing can
cause it to hit the surface of the gums and palate, leading to irritation or mechanical damage of tissue. Gingival
pockets become deeper, the neck of the tooth becomes
exposed, and this can lead to the dislocation and even loss
of the tooth. Such changes appear most frequently after
2 years of exposure to the piercing.5
Prolonged use of an oral piercing may also lead to the
piercing being covered by the surrounding tissue. This
happens if adornment barbells are too short and the nut
pinches the place of piercing. On the other hand, barbells that are too long cause mucosal and tooth damage.
Minor abrasions, infections, and inflammation can appear in places of contact of adornment with the epithelium of the oral cavity.8,9
Prolonged contact of tissues with piercings, which are
the potential sources of ions of various metals released
directly into the mouth, may cause side effects such as irritation, allergy, and other toxic effects. Irritation of tissue
may lead to burning and tingling of the mouth, edema formation of shiny waxy gloss, exfoliating epithelium, formation of bubbles, and erythema.10
Scars and keloids may arise after an oral piercing. The
constant movement of the piercing can lead to the formation of hypertrophic scars, and can cause changes in
the structure of the tongue papillae. The literature reports
pathological changes such as post-traumatic fibromas,
congestive cysts, mucous cysts of the salivary glands, inflammatory fibrous hyperplasia, or tongue abscesses.11
A morphological and cytomorfometrical study performed
by researchers at the Medical University of Bialystok12 showed
changes in the epithelial cells of the oral cavity with piercings,
expressed in less regular shapes of cells, disturbances in the
size of the nucleus relative to the volume of the cytoplasm,
and intensity of coloration of individual cellular elements.

General complications of oral piercings
Young people follow fashion trends, trying to please
their peers, differentiate themselves, and in an effort to be
“trendy” they often do not realize the dangers of such embellishing procedures. The improper treatment of an oral
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piercing, which seems to be a simple procedure, can lead
to serious systemic disorders. Many reports indicate that
it may have an impact on the general health of the patient.
The data that we found in our research indicates that
frequent complications include infection by viruses: HIV,
HSV, hepatitis (type A, B, C, D). These infections are most
often caused by basic hygiene rules not being observed,
which results from little to no awareness of the dangers on
the part of the people who subject themselves to the procedure and the ones who perform the body modification.13
Complications associated with tongue piercing can be
very serious, even life threatening. The tongue swells up
immediately after the procedure and its volume is increased significantly, which can cause breathing problems. A piercing may impair the free movement of the
tongue, making it difficult to pronounce certain sounds.11
During the procedure, bacteria and microbes may get
into the bloodstream, it could cause endocarditis in extreme cases. A lack of swift treatment leads to damage or
the destruction of the heart valves.14
Lakhan and Harle described the case of a patient with
hepatitis that was caused by infection with Herpes simplex, which probably occurred during tongue piercing.15
The patient complained of pain and inflammation around
the site of a recent tongue piercing 2 weeks prior to the
appearance of the initial symptoms.

Braces (fixed and mobile)
Due to the increased emphasis on the aesthetics of the
smile and overall appearance, the last decades recorded
an increase of patients coming to the orthodontist. Over
recent years, there has been a very rapid development of
techniques for the treatment of fixed and mobile braces.
The choice of brackets, wires, and additional elements is
enormous. Metal brackets can be in silver, gold or coated
with a special enameled tooth-color. Wire is located in
brackets and secured with colored elastics ties.16
Removable appliances are used mainly for correcting
teeth and bite abnormalities among children who still
have mixed dentition (milk and permanent teeth). These
braces are made of acrylic and metal elements (arches,
springs, screws, clamps). In contrast, fixed appliances are
used in patients with permanent dentition.16

Local complications associated
with the use of braces
Alloys are frequently used for the manufacture of metal
braces. Pure metals are not used. Brackets and arches are
usually made from metal. Many different alloys are used,
including cobalt alloy, nickel-chromium, stainless steel,
β-titanium alloy and nickel-titanium. These alloys, in addition to β-titanium, contain significant amounts of nickel.
This element can cause local or systemic allergic reactions.17
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Because of the large quantity and variety of metals present in a patient’s oral cavity during orthodontic treatment,
a variety of biochemical reactions can occur. The release
of metal ions from an orthodontic appliance takes place in
the first stage of corrosion, and is dependent on many factors, such as general health, the amount of salivation, oral
pH, temperature, and properties of food intake. The potential difference of metal creates a galvanic cell in which the
electrodes are metal braces: brackets, arches, rings. This
can result in numerous disease lesions in the form of local symptoms that can include pain, gingival hyperplasia,
a tendency to ulcers, recurrent aphthous ulcers, actinic
white, and mucositis.17 Alloys containing potent allergenic
metals such as nickel and titanium often cause reactions
of a contact character. Contact allergy is a specific body’s
hypersensitivity induced by direct contact with allergenic
substances. The spectrum of symptoms is very wide: an
itching and burning sensation in the mouth, erythema, bullous lichenoid, swelling, erosions and ulcers.18
Orthodontic treatment significantly impedes the
maintenance of proper oral hygiene. This is conducive
to increased accumulation of plaque, which can lead to
enamel demineralization around orthodontic appliance
components. The deposition of plaque (biofilm) initiates
the formation of dental caries. It was noted that changes
such as caries can appear after 4 weeks from the start of
orthodontic treatment.19,20
It has been shown that the presence of braces causes
changes in the saliva and thus leads to disturbances in the
oral environment. It was proven that patients with orthodontic appliances have higher concentrations of bacteria
in the mouth, changes in the buffer capacity, pH, and the
speed of saliva secretion. Increasing the secretion of saliva
and buffering capacity, as well as raising the pH in the environment increases the anti-caries properties of orthodontic
appliances. On the other hand, it increases surface retention
of plaque, which favors the growth of bacteria and the formation of gingivitis.19,21
A study by Kasacka et al. has shown significant changes
in the morphology of epithelial cells of the oral mucosa
of patients with braces.22 These changes were even more
marked in patients with braces and amalgam fillings.

Dental implants
Implants are now being used more often in order to compensate for the loss of teeth. Implants are used by people
who have lost their teeth due to periodontal disease, accidents or other reasons. Implantoprosthetic treatment allows for aesthetic and functional replacements of the missing teeth. Dental implants consist of 3 components: the
implant post, abutment and crown. Implants are typically
made of titanium or a titanium alloy coated with hydroxyapatite or titanium plasma spray (porous ceramic materials
that are meant to stimulate ingrowths of live bone tissue).
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A prosthetic abutment (implant connector) is a backrest,
a kind of nut connecting the implant to the crown of the
tooth. Abutments are usually made of titanium. The crown
of the tooth, the visible element of the implanted tooth replacement, is produced from ceramic materials.23

Dental implants: Local complications
Implants may end in failure, and this failure is not only
associated with the loss of the implant or implants. It can
also cause incurred financial losses or wasted time spent
on treatment. The failure of a dental implant may lead to
the deterioration of tissue and other complications.4
Increased pain during chewing may indicate that the
implant has become loose, due to the growth of pathogenic bacteria and inflamed tissues perigraft.24
The soft tissue adjacent to the titanium implants is characterized by a weaker blood supply than tissues surrounding the natural teeth. This has an impact on their greater
susceptibility to inflammatory processes and weakens the
reaction of the immune system.25,26 Inflammatory, atrophic, and hyperplastic changes may be a consequence
of disturbances in the integration of implants into intraosseous tissues. Most often, however, it leads to mucositis
under the direct vicinity of the implant. Changes initiate
the appearance of bacterial microflora, which is responsible for inflammation, and can also move to the bone
tissue (periimplantitis). Research has shown the presence
of bacteria: Gram-negative rods and spirochetes bacteria,
Staphylococcus spp., Enterobacteriaceae spp. and fungi
of the genus Candida spp. in inflamed tissues surrounding implants.26,27
Further research of the literature on the subject leads to
the conclusion that in recent years there has been an increase of reports of hypersensitivity reactions to intraosseous titanium implants, which are used among others in
dentistry. In general, these are local symptoms that appear on the face. Such symptoms may include swelling,
erythema, or eczema. Some reports suggest that exposure
of a part of the intraosseous implants, hyperplasia of the
gums, as well as to loss of implants (without inflammatory
response, congestion or error in surgical procedures) can
occur as a result of hypersensitivity to titanium.18,28
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Systemic consequences of mucositis and periimplantitis may be caused by a high concentration of bacteria and
their harmful effects on distant tissues and organs. An inflammatory reaction is caused by the activity of bacteria
or products of their metabolism and lead to tissue damage. Products of the bacterial metabolism (skatole, mercaptans, hydrogen sulfide, indole, etc.) may pass through
the attachment of gingival epithelium to connective tissue, impairing cell function and causing damage. Enzymes
(collagenase, hyaluronidase) produced by multiple bacteria break down collagen and the basic substances of the
connective tissue. The reduction of its cohesion facilitates
the penetration of cytotoxic bacteria. This may induce or
exacerbate many diseases such as inflammation of the iris
and retina, rheumatoid arthritis, glomerulonephritis, endocarditis, and myocardial infarction.30,31
The injection of bacteria into the lumen of blood vessels can occur when the mucoperisoteum flap is prepared
for peeling during dental surgery, the grinding of bone,
or through the extraction or drilling of bone. Bacteremia
can develop as a result of this, which can then lead to very
serious complications.
Infective endocarditis (IE) is one of the diseases associated with the inflammation of the mouth. This disease is
caused by bacteria in the endocardial wall or on the heart
valves. Development of inflammatory damage to the heart
valves can cause many complications, such as heart failure, episodes of thrombotic disease, thromboembolism,
and even death.32

Dental materials:
Amalgam fillings
Amalgam is a mixture of mercury (which makes up 50%
of the amalgam) with silver, copper, tin, cadmium, and
zinc. It is a substance used to fill dental cavities in premolars and molars. Because of its unsightly appearance, patients often choose to exchange the amalgam filling with
composite, a treatment which is particularly dangerous
due to the release of mercury. The results of research carried out, especially in the Center of Bialystok, indicate the
effect of amalgam restorations on the morphology and
function of cells found in the saliva of patients.1

Dental implants: General complications
Surgical interventions in the oral cavity, such as the
implants, are associated with the risk of numerous complications, including systemic ones. The oral cavity is
constantly colonized by aerobic and anaerobic microorganisms, and it is impossible to maintain the sterility of
the surgical field during surgery. Infections such as mucositis and periimplantitis pose a risk of life-threatening
complications as a consequence of bacteremia, especially
in patients undergoing immunosuppressive therapy or
with implanted heart valves.29

Local complications in patients
with amalgam fillings
Studies on the release of mercury from amalgam and
its effects on the human body are very controversial. According to the American Dental Association, amalgam
fillings cause no complications. Some reports indicate
that hypersensitivity to mercury can occur in about 1% of
the population.1 Other studies demonstrate allergic reactions and local reactions manifested pathological changes
in the oral cavity in patients with amalgam fillings. It has
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been observed that the symptoms of hypersensitivity occur more often in people who have had these fillings for
more than 5 years. In many studies, it has been shown
that chewing gum or chewing hard foods increases the
amount of mercury that is emitted.33 A significant increase
in the concentration of mercury vapor in the breath of the
patient occurred during the application and removal of
dental amalgam.34
The presence of amalgam fillings may increase the concentrations of mercury in the treated and surrounding
teeth, and can cause discoloration. Often, an adverse effect on the oral mucosa, which can be caused by a number
of pathological changes, such as tattoos, discoloration,
leukoplakia, lichen planus.35

Studies clearly show that the presence of foreign bodies in
the mouth contributes to the formation of many pathological conditions and diseases. They can be just local complications, as evidenced by the change in the shape of oral epithelial cells, changing the volume ratio of the nucleus to the
cytoplasm, and the increase in the number of migrant cells
in saliva. Described changes are very often the allergic type,
because the alloy used in the production of ornaments, dental braces, implants, and amalgams are metals, the release
of which can sensitize and cause contact allergies. Literature
reports indicate that the presence of foreign bodies in the
mouth can also lead to complications that have serious consequences in respect to the overall health of people.

General complications in patients
with amalgam fillings
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Abstract
Sickle-cell disease is a frequent hemoglobinopathy which represents a major public health problem as
a result of the continuous migration of populations. The clinical manifestations are chronic hemolytic anemia, vaso-occlusive crisis and infections; however, the involvement of the head and neck region remains
poorly reported. Particularly, we do not know the prevalence of the odontostomatological manifestations.
In this study, we reviewed the most recent literature on the topic. We have classified the alterations
of the orofacial sphere into four categories: oral manifestations, bone changes, infections and various.
We have described the main clinical manifestations of each one, along with their incidence and prevalence, trying to identify the pathophysiological mechanisms, correlations with vaso-occlusive crisis and
possible therapeutic strategies. Several odontostomatological manifestations are described in patients
with sickle cell disease. Some are typical, while others still need to be investigated, as for example the
relationship between oral triggers and vaso-occlusive crisis.
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Sickle cell disease (SCD) is an hereditary blood disease
characterized by the production of abnormal hemoglobin, known as Hb S, characterized by a point mutation in
the 6th codon of exon 1 of the β-globin gene resulting in
the replacement of the regular glutamic acid with valine at
position 6 in the NH2 terminal end of the β-globin chain.
Other types of SCD syndromes are characterized by double heterozygous βS/βC, βS/β+thal, βS/β0thal and βS/βX
(D,E, etc.). The abnormality characterizing Hb C has to
do with the replacement of the normal glutamic acid with
lysine at position 6 of the β-globin chain. In conditions
of reduced partial oxygen tension, the unstable Hb S polymerizes, forming fluid polymers (tactoids) that deform
blood red cells in a shape characteristic of reversible sickle
that may plug different areas of the microcirculation or
a large vessel, potentially causing vascular ischemic damage in many organs. SCD is most common in sub-Saharan
African people, Asian, Arabia, and Mediterranean countries. Across equatorial Africa, the prevalence of SCD trait
carriers ranges between 10 and 40%. Approximately 2%
of births in Ghana and Nigeria have this type of disease.
As a result of migration, this has become a public health
problem, both in the Western and developing countries.
Epidemiological studies have shown that 7% of the world
population is a carrier of a hemoglobin variant, while
about 300,000–400,000 newborns each year are affected
by serious hemoglobinopathies: among these, sickle cell
anemia is the most common.
Clinically, 2 phenotypes can be distinguished: 1. hemolysis-associated, characterized by anemia, leg ulcers and
pulmonary hypertension; 2. vaso-occlusal, characterized by acute chest pain, stroke and avascular necrosis of
joints. SCD crises are still responsible for high morbidity
and early mortality. The hospitalization is very frequent
in pain vaso-occlusive crises. Early analgesic treatment
and overhydration are necessary. Severe acute crises
are characterized by end-organ ischemia and infarction
combined with the downstream effects of hemolysis that
result from red blood cell sickling. Acute chest syndrome
is a vaso-occlusive crisis of the pulmonary circulation
that can be associated with one or more symptoms, including fever, cough, excruciating pain, sputum production, shortness of breath, or low oxygen levels and eventually associated also to pulmonary infiltrate on a chest
X-ray. It represents the second cause of hospitalization
for SCD patients and one of the major causes of mortality. More severe cases may need treatment in an intensive
care unit. An SCD patient has an increased risk of approx.
300 times of symptomatic stroke compared to a healthy
patient. It is ischemic in 85% of the cases. The cumulative
risk is 11% within 18 years old and 24% within 45 years
old. We recommend an automatic or a manual erythroaferesis with a target of Hb 10 g/dL and Hb S < 30%, if
Hb < 9 g/dL urgently performs a simple transfusion with
a target of Hb 10 g/dL. Doppler transcranial identification of high-risk patients provided primary stroke pre-

vention in SCD children. Aplastic crises may be caused
by several types of infections, some viral, and especially
ones including the most frequent Parvovirus B19. The diagnosis is serological and the treatment is transfusional.
Sequestration syndromes are caused by the trapping and
destruction of red blood cells species within the splenic and liver sinuses. Sequestration in a baby is usually
splenic, wheras in an adult it is more frequently hepatic.
Mortality is high and recurrence affects more than half
of the patients. Infections are the leading cause of death,
especially in children. They can be the trigger cause but
also the evolution of the typical complications of the disease. The most common infections are: bacteremia, sepsis and meningitis caused by Streptococcus pneumoniae,
Hemophilus influenzae and Neisseria meningitides; ACS
caused by Streptococcus pneumoniae, Mycoplasma pneumoniae and Chlamydia pneumoniae; osteomyelitis and/
or septic arthritis caused by Salmonella spp, Staphylococcus aureus and Streptococcus pneumoniae. Penicillin
oral prophylaxis and vaccinations need to be provided to
children within their first 6 years of life. Several chronic
complications are described: ischemic complications, eye
disorders, avascular necrosis, priapism, anemic complications, heart disease, pulmonary disease, chronic kidney disease, endocrine/nutritional/metabolic disorders,
chronic legs ulcers and infections. Some organs are targets of acute or chronic manifestations due to their peculiar anatomical and functional organization. Given the
recurrent nature of these events, over time chronic alterations of many organs develop, that are very disabling
and worsening the quality of life of these young patients.
Involvement of the head and neck region remains poorly
reported. SCD can involve the oral cavity, inner ears, orbits, paranasal sinuses, bones, lymph nodes and vessels.
When it occurs, the basic pathogenicity is similar to that
of other organs.
Life expectancy varies according to the different genotypes and geographic area. In the 1990s the average age of
death was 42 years for males and 48 years for females in
the SS genotype and 60 years for males and 68 years for
females in the SC genotype.1 Recent literature on the subject is lacking, but life expectancy has certainly improved
in countries with more developed health systems that can
ensure better care for these patients.
Hydroxyurea, transfusions, iron chelation therapy and,
when indicated, bone marrow transplantation are fundamental pillars of the treatment.

Objectives
The aim of this study was to review the literature on
pathological manifestations of odontostomatological interest in SCD, describe their pathogenetic mechanism
and correlation with the occurrence of the sickle cell crisis
and to identify appropriate early intervention strategies.
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Systematic critical review of the clinical studies and
case reports published on the topic in Pubmed, Google
Scholar and Lilacs electronic databases, using the following keywords: “orofacial alterations in sickle cell disease”
and “odontostomatological manifestations in sickle cell
anemia”.
Table 1 presents the classification of odontostomatological pathological manifestations in SCD most frequently
encountered in the literature.

Oral manifestations
There are various oral complications that have been
studied for some time.
Soft tissue signs
Mucosal pallor, yellow tissue coloration and smooth
tongue for atrophy of lingual papillae are suggestive of
disease. Gingival enlargement and bleeding, when present in this type of patients, especially in adolescents, can
lead to the inflammation of the gums, caused by malocclusion or bad oral hygiene. Scrapings obtained from the
oral tissues showed the presence of iron deposition in
35% of homozygous patients (SS), and less than 35% in
patients with ß-thalassemia, who usually undergo more
blood transfusions, suggesting that iron overload may be
responsible for dental complications.2
Dental alterations
More than 60% of SCD patients present intrinsic opacity of the teeth, linked to hypomaturation and hypomineralization of enamel and dentin. Erosion of enamel,
more rarely of dentin, results from the acidic activity on
Table 1. Odontostomatological manifestations in SCD
A) Oral manifestations
– soft tissue signs
– dental alterations
– pulp necrosis
B) Bone changes
– changes in the craniofacial bones
– malocclusion
– temporomandibular joint disorders
– osteoporosis and osteosclerosis
C) Infections
– osteomyelitis of the jaw
– dental infections and sickle cell crisis
D) Various
– mental nerve neuropathy
– orofacial pain
– idhiopatic facial swelling
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dental tissue. This occurs most often in children drinking a lot of fruit juices or in adults with certain disorders
such as gastroesophageal reflux. Without correct oral hygiene, mainly based on fluorine, the hypomineralisation
of the enamel can lead to serious alterations of the dental
tissues. Infractions are micro-cracks within the enamel,
reported anecdotally. Hypodontia has been described in
one patient with Hb SC disease.3 Delays in dental eruption are commonly reported in SCD patients.
Although there is no direct evidence that SCD causes
the appearance of caries, there are numerous papers
which indicate that the state of oral health in these
patients worsens due to the socioeconomic status, the
family income or the deficiency in oral hygiene, being a negative factor the life in houses that offer little
space to children and adolescents.4 The relationship
between father’s education with regard to oral hygiene
and the incidence of decay of teeth in children was
not reported as significant.5 Conversely, it has been
observed on a large number of family members, race
and religion, that there is a higher incidence of tooth
decay in the black population and among unbelievers.
Frequent consumption of soft drinks containing sugar
for hydration and inadequate oral hygiene are predisposing factors.6 It is possible that the biofilm matrix
of C. albicans isolated from the saliva of SS children
presented a particular caries-associated virulence for
the great quantity of acids and extracellular polysaccharides and proteins.7 Moreover, penicillin prophylaxis prevents the acquisition of Streptococcus mutans,
both of which may promote the growth of Candida
spp. actively involved in the demineralization of dental
tissues. Also, reference should be made to the state of
oral health worsening, due to the various VOCs presented by these patients, since it weakens them and at
the same time limits their ability to cope. SCD patients
have increased susceptibility to caries, with a higher
prevalence of tooth decay and a lower prevalence of
filled teeth. Finally, the severity of the caries is related
to age, the number of hospitalizations and the need for
transfusions or drugs.
The literature agrees that SCD does not appear to predispose to periodontal disease.8 The main predisposing
factors for periodontal pockets are older age and not
using dental floss on a daily basis. Few reports report
an association between SCD and periodontal inflammation, hypothesizing a causal link between repeated episodes of hemorrhage with secondary fibrosis and gingival enlargement.9 Nevertheless, the role of periodontal
infections, which trigger of VOCs, is unknown.
Pulp necrosis
Pulp necrosis (PN) is an acute or chronic inflammation
of the dental pulp as a result of deep caries, including the
destruction of the microvascular and lymphatic system
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and, ultimately, the nerve fibers. It is caused by caries,
trauma, bruxism and the development defect of dentine. It
has been demonstrated that the frequency of asymptomatic pulp necrosis in patients with SCD is considerable.
Costa et al. observed that PN was present in 50 patients
(80.64%) with SCD.10 The dental groups with the highest
means of teeth with PN were the premolars and incisors
in both the SCD group and the control group. The number of teeth with PN was higher in the exposed group for
canines, premolars, and molars. Pathogenetically, PN may
be due to the sikling that causes vasocclusion within the
microcirculation of the dental pulp. Infarction/thrombosis of pulp vessels may expose the vital pulp to hypoxia
and persistent hypoxia may cause necrosis that radiologically appears as a periapical lesion.11 Sickle-shaped cells
in the dental pulp vessels can be found 2 to 3 days after an
acute crisis.12 Some SCD patients may remain asymptomatic to pulp changes. Correct oral hygiene prevents caries
and, consequently, the necrosis of dental pulp.

Bone changes
Changes in the craniofacial bones
Systemic manifestations include oral and craniofacial
disorders, such as frontal bossing, maxillary protrusion,
with retrusion of the upper and lower incisors, typical of
this disease. The pathogenic explanation for this disease
is found in red blood cells. The lifespan of these cells is
reduced to 10–20 days and needs constant replacement
and production. For this reason, many patients present
compensatory bone marrow hyperplasia, which results
in craniofacial bone changes,13 such as nasal septum depression, maxillary protrusion and formation of osseous
trabeculae. Other oral manifestations include bone alterations such as osteoporosis of the alveolar ridge and mandibular overgrowth.
Malocclusion
The structural changes at the bone level, discussed
above, promotes the development of dental malocclusion14 (MO), abnormalities in the teeth, which causes
a certain degree of aesthetic discomfort and functional
disorders or disabilities. Craniofacial abnormalities are
considered factors that contribute to the development of
MO. The most common MO is Angle’s Class II. Dental
and functional deviations produce changes in swallowing,
chewing, salivation and phonation. Additionally, a psychosocial disorder may diminish interpersonal relationships.
Luna et al. reports a prevalence of MO in preschool children of 62.9%, with 37.1% class II, 28.6% increased overjet,
28.6% reduced overbite and 17.1% open bite.15 The same
study explains that adulthood maxillary protrusion varies
between 21 and 88%, and deep overbite between 30 and
80%. SCD and MO are considered public health problems.
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This suggests the need to establish a public health policy
to develop community programs, rapid diagnosis, proper
treatment of malocclusion and the delay of dental eruption in this population, to improve quality of life of these
people. The dental MO is not exclusive of SCD, but is frequent in many systemic diseases involving skeletal alterations. In a study by Licciardello et al., it was observed that
cephalometric values indicated a posterior rotation of the
mandible and an increased total facial height.16 This deviation was found in all genotypes of the disease, directing the
patients towards a dolichofacial pattern. In the same study,
the maxillary incisors were significantly inclined towards
the buccal, whereas the position of the maxillary first molar to PTV line was significantly increased only in ßS, ßTh
patterns. Cephalometric results indicate a trend toward a
vertical or dolichofacial pattern.
Orthodontic treatment
The treatment in these cases is based on using orthodontics to change the class II and regulate the levels of
protrusion/retrusion. In most cases, the first upper premolars are removed to create space and thus reduce the
protrusion. Both with perfect hygiene, and a year of orthodontics, with retainer at the end of treatment, a significant change is achieved at a functional, esthetic and
psychological level in these patients. Of course, oral hygiene plays a fundamental role in orthodontic treatment,
since oral infections are considered an added risk factor
in this disease.1
Temporomandibular joint disorders
SCD patients are particularly susceptible to joint complications during the VOCs. The temporomandibular joint
(TMJ) is not immune from this involvement, although
there are few papers in the literature about TMJ disease,
mainly case reports. Adolescents are especially susceptible
to mandibular condylar osteonecrosis, preceded by an extensive and long-lasting edema in the same area, due to the
bone overgrowth. This alteration is not exclusive of this
disease, but common in many other systemic disorders or
it may appear as a single alteration of a systemic disease.
A conservative approach is essential to prevent the development of irreversible TMJ deformities.18
Osteoporosis and osteosclerosis
Abnormal radiological patterns have been found in patients with SCD. Abnormal projections of the skull, vertical trabeculations, diplopic space, and a granular appearance of the skull were found. Conditions of mandibular
expansion, hyperplasia, widening of the bone marrow and
thickening of the bone trabecoles were also found.
In general, the main radiographic changes found in
these patients can be classified into: 1. Radiolucent lesions
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between the root apex of posterior teeth and the mandibular inferior border, associated with osteoporotic lesions,
derived from compensatory bone marrow hyperplasia.19
These lesions create in some cases a horizontal trabecular
pattern described as «step-ladder», related to the presence
of hemolytic anemia. 2. Radiopaque lesions associated to
the bone infarction and osteonecrosis and mainly in the
mandibular posterior region, coinciding with severe facial
pain during VOCs. 3. Osteomyelitis lesions associated to
the periapical abscess or pericoronitis.

a higher probability for SCD patients being admitted following a visit (72% more likely than without SCD), especially in females.24 In regards to this, it is also important
to keep in mind that the probability is as important as the
established clinical variables, such as the avascular necrosis (79%) and pneumonia (72%). An inflammatory state
caused by a dental infection can trigger or precipitate
a sickle crisis. This higher relationship should lead to a reflection about the public health system and the integration of better prevention and dental care in primary care.

Infections

Various

Osteomyelitis of the jaw

Mental nerve neuropathy

Osteomyelitis is an inflammatory condition of the bone
that begins in the medullary cavity and extends to the
overlying periosteum. It is more common in long bones.
In jaw bones, it is very rare, but when present, it resides
more commonly in the posterior area of the mandible.
This is explained by the lower blood flow in the jaw. Incidence of this amounts to 5% of all the osteomyelitis of
the jaw: there is a predominance of this disease among
men (81%) and young people. Streptococcus and Salmonella are more frequently responsible for it. Microorganisms can infect the bone through in 3 ways: bloodstream,
contiguously from local area of infection and trauma or
iatrogenic causes such as periapical periodontitis in the
teeth.20 It is interesting to note that SCD patients can have
ostemyelitis more frequently than other patients without
SCD, most likely due to the sickling and proinflammatory
state reducing interleukin-10 secretion.21 Radiological aspects of indistinct bone radiolucency can pose problems
of differential diagnosis with periapical cystis and keratocystic odontogenic tumors.22 Good oral hygiene could
prevent oral infections and could have a preventive role
in the development of bone lesions, but it is unknown
whether these lesions may also occur alongside perfect
oral hygiene, due to its possible genetic etiology.

The SSD is an important systemic cause of mental
nerve neuropathy or Numb Chin Syndrome (NCS). According to Mendes et al., its prevalence is 2.2 times higher
than observed in normal individuals.25 More frequent
in females and almost always unilateral, it appears along
with anesthesia or ipoesthesia of the chin and lower lip.
The inferior alveolar nerve can be compromised. The
particular anatomical arrangement of the nerve, confined
within the relatively long bone mandibular canal, explains
the higher risk for ischemic damage during a sickle cell
crisis.26 In a different diagnosis, all the causes have been
indicated: infections, neoplasms, trauma, dental anesthesia and other systemic diseases.

Dental infections and sickle cell crisis
The chronic nature of SCD, concurrently with frequent
hospital admissions for pain crisis, can affect the psychosocial sphere and reduce quality of life. Generally, in many
parts of the United States, not enough attention is paid
to SCD and oral health in public health systems, despite
SCD being related with low oral health like increased risk
of dental caries and pulp necrosis. Rada et al. suggest that
dental infections in patients with SCD can produce a sickle cell crisis event and, consequently, an increased likelihood of hospital admission.23 Specifically, an interesting
North American study from the Nationwide Emergency
Department Sample (NEDS), between 2006 and 2008,
which includes 28 million ED visits at 980 hospitals every
year reported that the dental infection was related with

Orofacial pain
SCD patients may present symptomatic orofacial pain
due to a specific oral and dental pathology including dental caries, enamel hypomineralization, pulp necrosis, and
infections. Idiopathic mandibular or maxillary pain has
a high prevalence in SCD that affects 49% of Jamaican patients.27 A detailed study in a large cohort of patients is
lacking in the literature. A possible pathological mechanism is the sickling of the red cells within the microcirculation of the dental pulp and facial bones,27 causing small
microinfarcts, favored by local or systemic conditions of
increased viscosity.
The prevalence of recurrent headaches among SCD
patients is unrecognized. Recently, a high prevalence has
been reported, especially in children and adolescents (24.043.9%).28 An acute attack requires careful assessment to exclude several potentially devastating conditions including
vascular disease, bone infarcts, tooth infections, and osteomyelitis. There is no data of headache prevalence among
adults, who are at a greatest risk of medication overuse for
headaches, secondary to frequent opioid use.
Idhiopatic facial swelling
Often in young people, the bone marrow hyperplasia
following extramedullary hematopoiesis may lead to the
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occurrence of tender swelling, without evident causes.
Several sites have been described: orbit, paranasal sinus,29
middle ear,30 thyroid, and cervical lymph nodes. Lastly,
subperiosteal orbital hematoma may be secondary to the
extravasation of blood from necrotic vessel walls during
bright VOCs, underlying bleeding diathesis and minor
trauma.31,32 The differential diagnosis must include all
infections and cancer.33 These last alterations are not exclusive of SCD, but are frequent in many other systemic
diseases, or they may appear as a single alteration of a systemic disease.

Conclusions
SCD is characterized by special oral health findings,
whose prevalence and clinical impact are not well know.
They depend not only on the presence of sickle disease,
but also on subject-related factors such as oral hygiene,
diet habits and social conditions. SCD does not seem to
be a risk factor for conditions such as caries and periodontal diseases. Conversely, there are other typical manifestations, such as soft tissue signs and bone changes.
SCD appears to be a risk factor for moderate and very
severe malocclusion and orofacial pain. The relationship
between the oral infectious focus and the vaso-occlusive
crisis is further explained by means of studies of large
samples of population. It is recommended that periodic
dental screening should be part of the general physical
examination. Regular oral hygiene maintenance could
help prevent many potentially serious complications, contributing to the maintenance of the physical well-being of
these patients.
References
1. Platt OS, Brambilla DJ, Rosse WF, et al. Mortality in sickle cell disease – life expectancy and risk factors for early death. N Engl J Med.
1994;330:1639–1644.
2. Singh J, Singh N, Kumar A, et al. Dental and periodontal health status of Beta talassemia maior and sickle cell anemia patients: A comparative study. J Int Oral Health, 2013;5:53–58.
3. Oredugba FA. Hypodontia in an adolescent with the HbSC genotype: A case report. Int J Paedriat Dent. 2005;15:455–458.
4. Luna ACA, Rodrigues MJ, Menezes VA, et al. Caries prevalence and
socioeconomic factors in children with sickle cell anemia. Braz Oral
Res. 2012;26:43–49.
5. Matta Felisberto Fernandes ML, et al. Caries prevalence and impact
on oral health-related quality of life in children with sickle cell disease: Cross-sectional study. BMC Oral Health, 2015;15:68.
6. Ballas SK, de Castro Lobo CL, Cavalcanti WE. Dental complications
of sickle cell disease. J Interdiscipl Med Dent Sci. 2014;26:1000152.
7. Brighenti FL, Medeiros AC, Matos BM, et al. Evaluation of cariesassociated virulence of biofilms from Candida albicans isolated
from saliva of paediatric patients with sickle-cell anemia. J Appl
Oral Sci. 2014;22:484–489.
8. Al-Alawi H, Al-Jawad A, Al-Shayeb M, et al. The association between
dental and periodontal diseases and sickle cell disease. A pilote
case-control study. Saudi Dent J. 2015;27:40–43.
9. Scipio JE, Al-Bayaty HF, Murti PR, et al. Facial swelling and gingival enlargement in a patient with sickle cell disease. Oral Dis.
2001;7:306–309.

G. Nifosi, A.F. Nifosi, L. Nifosi. Orofacial alterations in SCD

10. Costa CP, Thomaz EB, Souza Sde F. Association between sickle cell
anemia and pulp necrosis. J Endod. 2013;39:177–181.
11. Andrews CH, England MC Jr, Kemp WB. Sickle cell anemia: An etiological factor in pulpal necrosis. J Endod. 1983;9:249–252.
12. Cox GM, Soni NN. Pathological effects of sickle cell anemia on the
pulp. ASDC J Dent Child. 1984;51:128–132.
13. Fernandez M, Slovis TL, Whitten-Shurney W. Maxillary sinus marrow
hyperplasia in sickle cell anemia. Pediatr Radiol. 1995;25(suppl 1):
S209–211.
14. Costa CPS, Correia de Carvalho HLC, Fonseca Thomaz EBA. Is sickle
cell anemia a risk factor for severe dental malocclusion? Braz Oral
Res. 2015;29:1–7.
15. Luna AC, Godoy F, de Menezes VA. Malocclusion and treatment
need in children and adolescent with sicle cell disease. Angle
Orthod. 2014;84:467–472.
16. Licciardello V, Bertuna G, Samperi P. Craniofacial morphology in
patients with sicle cell disease: A cefalometric analysis. Eur J Orthod.
2009;29:238–242.
17. Amoah KG, Newman-Nartey M, Ekem I. The orthodontic management
of an adult with sicle cell disease. Ghana Med J. 2015;49:214–218.
18. Baykul T, Aydin MA, Nasir S. Avascular necrosis of the mandibular
condyle causing fibrous ankylosis of the temporomandibular joint
in sickle cell anemia. J Craniofac Surg. 2004;15:1052–1056.
19. Avsever IH, Orhan K, Özen T, et al. Evaluation of mandibular bone structure in sickle cell anemia patients. Güihane Tip Derg. 2015:57:11–15.
20. Olaitan AA, Amuda JT, Adekeye EO. Osteomyelitis of the mandible
in sickle cell disease. Br J Oral Maxillofac Surg. 1997;35:190–192.
21. Sarray S, Almawi WY. Contribution of reduced interleukin-10 levels
to the pathogenesis of osteomyelitis in children with sickle cell disease. Clin Vaccine Immunol. 2015;22:1020–1024.
22. Araújo JP, Cadavid AMH, Lemos CA, et al. Bilateral mandibular
osteomyelitis mimicking periapical cysts in a patient with sickle
cell anemia. Autopsy Case Rep. 2015;5:55–60.
23. Rada RE, Bronny AT, Hasiakos PS. Sickle cell crisis precipitated
by periodontal infection: Report of two cases. J Am Dent Assoc.
1987;114:799–801.
24. Laurence B, Haywood C Jr, Lanzkron S. Dental infections increase
the likelihood of hospital admissions among adult patients with
sickle cell disease. Community Dent Health. 2013;30:168–172.
25. Bar-Ziv J, Slasky BS. CT imaging of mental nerve neuropathy: The
numb chin syndrome. Am J Roentgenol. 1997;168:371–376.
26. O’Rourke CA, Hawley GM. Sickle cell disorder and orofacial pain in
Jamaican patients. Br Dent J. 1998;185:90–92.
27. O’Rourke C, Mitropoulos C. Orofacial pain in patients with sickle
cell disease. Br Dent J. 1990;169:130–132.
28. Vgontzas A, Charleston L, Robbins M. Headache and facial pain in
sickle cell disease. Curr Pain Headache Rep. 2016;20:20.
29. Collins WO, Younis RT, Garcia MT. Extramedullary hematopoiesis of
the paranasal sinuses in sickle cell disease. Otolaryngol Head Neck
Surg. 2005;132:954–956.
30. Applebaum EL, Frankel A. Extramedullary hematopoiesis of the
middle ear. Am J Otolaryngol. 1989;10:287–290.
31. Ganesh A, Al-Zuhaibi S, Pathare A, et al. Orbital infarction in sickle
cell disease. Am J Ophthalmol. 2008;146:595–601.
32. Procianov F, Brandão FM, Cruz AA, et al. Subperiosteal hematoma
and orbital compression syndrome following minor trauma in sickle cell anemia: Case report. Arq Bras Oftalmol. 2008;71:262–264.
33. Swapnil M, Ajay P, Kanishka NG, et al. Idhiopatic facial swelling secondary to sickle cell anemia. BMJ Case Rep. 2012;2012:201200713.

Reviews

Marginal bone loss around dental implants with conical
and hexagonal implant-abutment interface: A literature review
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Abstract
Based on a review of topical literature, the paper presents the results of studies concerning marginal bone
loss around dental implants. The paper provides a detailed description of the process of bone loss around
dental implants with conical implant-abutment connection generally used in implant prosthetic treatment.
The reviewed articles reported experimental studies involving animals, as well as clinical research in humans. The results concerning bone loss around the hexagonal implant-abutment interface are cited only to
provide the historical background, as implants with internal connections are generally available and currently used in oral implantology. The research on bone loss around implants conducted over the years has
allowed for the assessment of the relationships between various factors that may affect the process of bone
loss around implants and, consequently, influence the final result of the treatment and therapeutic success.
The researchers focused on the effect of such factors as: differences in implant structure, types of surfaces,
shapes and materials. In addition, bone loss is dependent on prosthetic treatment: implants may be placed
at different locations in the alveolar process bone and at different levels in the hard bone; open or closed
methods of healing are used; types of prosthetic restorations loaded after implantation vary, as also varies
the time from implantation to loading (early or late loading), types of cementing material and cementing
techniques. The paper discusses also the presence of a microgap and its colonization by microorganisms as
factors that negatively affect the process of osseointegration.
Key words: dental implants, marginal bone loss, abutment type
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Identifying the factors affecting dental implant survival
and the results of treatment with this method at each stage
of the therapy may be helpful in attaining therapeutic success. One of the success criteria is the level of marginal
bone loss around an implant, observable in radiographs.1
The results of long-standing observations, conducted from
the moment the dental implants had been first used, detected a continuing tendency for peri-implant bone loss,
regardless of the implant type and other factors. As early as
in 1986, Albrektsson et al.2 estimated the average bone loss,
progressing in time, around the implants. They assumed
that the average loss of marginal bone should not exceed
1.5 mm during the first year after implantation, and 0.2 mm
per year in the consecutive years. The cited bone loss values were based on the study of dental implant systems used
in 1980s. Bone loss occurs for most implant systems, but its
extent varies. It was found that a great influence on marginal bone loss around the implant neck is exerted by microgaps at the level of implant-abutment connection that are
responsible for micromovements. The microgaps create
bacterial micropumps that allow bacteria to permeate into
the connection and out of it, causing inflammation around
implants, thus leading to marginal bone loss.3–5
The paper focuses on a presentation of the results of
studies on peri-implant marginal bone loss, with special
emphasis on the implant systems with the conical implant-abutment interface. The results concerning bone
loss around the hexagonal implant-abutment interface
are cited only to provide the historical background, as
implants with internal connections are generally available
and currently used in oral implantology.

Marginal bone loss around
implants in experimental studies
involving animals
The results of the studies in canines published in 2002
showed that 2 months after implantation marginal bone
loss around implants with welded abutments (no microgap) differed significantly from that around implants with
non-welded abutments (gaps of different sizes: <10, 50,
and 100 μm), but the size of a microgap did not affect the
bone loss intensity. In the 3rd month, however, there were
no statistically significant differences between the two
studied groups (p > 0.7).6
Weng et al. made a comparison of 2 dental implant systems: DENTSPLY Friadent ANKYLOS® with a conical
implant-abutment connection and Nobel Biocare Brånemark System TiUnite® with an external hexagonal connection.7 In their experiment with dogs, the researchers
evaluated marginal bone loss, as well as the first bone-toimplant contact. Implant healing with a closed method
lasted 3 months, while for another 3 months the implants,
provided with healing abutments, were maintained with-
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out functional load. After 6 months, for the equicrestally
placed implants, the bone level around ANKYLOS implants was 0.69 mm, while that around TiUnite ones was
0.91 mm. The difference between the 2 implant types was
not statistically significant. When implants were inserted
1.5 mm below the bone crest, the difference between the
systems was twofold (0.90 vs 0.42 mm), and the better result was obtained for ANKYLOS; the difference, however,
was statistically non-significant. At the same time, bone
formation at the edge of the submerged implant neck was
found at the implant-abutment connection.
In a later work, Weng et al. presented the results of their
experiment, also in dogs, where they used an open method
of implant healing (with functionally unloaded abutments);
they tested, as previously, ANKYLOS and TiUnite. After
3 months of healing from submerged implants, marginal
bone loss was 1.56 mm for TiUnite, and 0.79 mm for ANKYLOS (p > 0.05).8 After a 3-month observation no significant changes in the marginal bone level around ANKYLOS
implants were found, while for TiUnite significant marginal
bone loss was observed as early as 1 month after implantation. Marginal bone loss around implants was lower in
the case of non-submerged implants: after 3 months it
reached 0.69 mm for TiUnite, and 0.48 mm for ANKYLOS
(p > 0.05). For TiUnite implants, significant bone loss was
observed after only 2 months, while in the case of ANKYLOS implants, the perimplant marginal bone level did not
change significantly over 3 months. Those results show
that implants with external hexagonal abutments (Nobel
Biocare Brånemark System TiUnite), i.e. those with microgaps and micromovements, when placed subcrestally, contribute to greater bone loss in comparison to implants with
conical implant-abutment interface (DENTSPLY Friadent
ANKYLOS).
In a study involving monkeys, ANKYLOS system with
conical implant-abutment connection was compared to
a system with internal hexagonal connection. The study
evaluated the status of peri-implant tissues: the probing pocket depth, probing pocket loss, and the width of
keratinized mucosa, as well as implant osseointegration
(measured with Priotest® device). The mucogingival response and Priotest values estimated after 3 and 6 months
of observation pointed to ANKYLOS as a better system.9
The process of osseointegration for implants with immediate prosthetic load was evaluated with an experimental study also in monkeys. ANKYLOS implants placed in
the posterior part of the mandible and subjected to immediate loading became osseointegrated in a similar way
as implants with delayed loading. In addition, immediate
loading increased the degree of implant integration with
the bone, which could be observed as higher bone density
among the threads of the implants. The mean BIC (boneto-implant contact) value was 64.25% in the group with
immediately loaded implants, and 67.93% in the group
with delayed loaded implants, but the differences were
not statistically significant (p = 0.656).10
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The status of marginal bone around
implants according to the type
of implant-abutment interface
The present-day studies on implants aim at designing
an ideal interface between abutment and implant. There
is a wide variety of kinds/types of implant-abutment
connections. The connections may be flexible or rigid.
Among the most commonly used rigid ones, internal and
external connections can be distinguished. The connections may also be of different shapes: polygonal (triangular, hexagonal, octagonal, and other modifications of polygonal shapes) and conical (cones of varying angles and
Morse taper). Abutments are made of titanium, ceramic
material or zirconium oxide.11

Marginal bone around an implant
with conical implant-abutment
The results of 18-month observation of 1,419 implants
(DENTSPLY Friadent ANKYLOS) in 313 patients were
published in 2001. The data was obtained from 100 dental
surgeons working at 32 clinical centers in USA, Korea and
Taiwan. The study showed that 1 year after loading with
prosthetic replacements, marginal bone loss around the
studied implants was 0.2–0.5 mm.12
Another multicenter study involving 1,500 ANKYLOS implants found that the bone loss that occurred between the
time of implant placement and loading was 0.81 mm. The
bone loss between the implant placement and uncovering reached 0.70 mm, while between uncovering and loading – 0.11 mm. Marginal bone loss after 12 months from
loading was 0.15 mm, after 24 months – 0.48 mm, and after
36 months – 0.64 mm (0.16 mm per year). The total average
bone loss from the time of implant placement to 36 months
after loading was 0.60 mm (0.20 mm per year); the obtained
value was lower than for other implant systems. The extent
of marginal bone loss did not depend on age, gender, type of
prosthetic application or tobacco smoking.13
In several papers, Mangano et al. presented the results
of their evaluation of marginal bone loss around Morse
taper connection implants (Leone® Implant System).14–18
During a 4-year observation, the researchers used a dental probe14 and pantomographic radiographs.15 Twelve
months after the time of loading, bone loss did not exceed
1.5 mm and progressed by only 0.22 mm per year.15 In the
case of implants loaded with a single crown, bone loss was
0.88 mm.16 After 4 years of functional loading of implants
with single crowns, marginal bone loss was 1.14 mm,14
while after 6 years of loading 2,549 implants with various types of prosthetic restorations, bone loss reached
1.10 mm (±0.30 mm).17 The study covering 288 implants
in 6 patients 5 years after loading with bar-retained
overdentures (38 in the maxilla and 34 in the mandible)
showed that marginal bone loss did not exceed 0.7 mm.18
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The fact that conical construction of implant-abutment
connection does not create adverse conditions for osseointegration was confirmed in 50 patients with 69 ANKYLOS implants placed in a subcrestal position and healed
with the open method and non-functional loading. After
a 14-month observation (within a 9–20 month interval)
no correlation was found between the level of implant
position below the bony crest and marginal bone loss
(r = 0.15, p > 0.05). However, a correlation was detected
(r = 0.21, p < 0.05) between the implantation depth and
the presence of hard tissue at the edges and platform of
implants, which indicated the conditions that favored
contact and bone growth at the implant-neck side.19
An earlier study showed that after immediate loading,
out of occlusal contact, of Straumann® implants with conical connection, marginal bone loss around implants was
the same as in the case of early loaded implants, also out
of occlusal contact (loaded 28–34 days after the surgery).
Twelve months after prosthetic loading of 383 implants
(197 immediately loaded and 186 early loaded), bone loss
was 0.77 mm (±0.93 mm). This shows that the conical
implant-abutment connection allows loading at varying
times with the same clinical outcome.20

Marginal bone loss around implants
with internal polygonal
implant-abutment connection
The assessment of the efficacy of BIOMET® 3i system,
based on the observation of 1,583 implants (loaded with
different types of prosthetic solutions) placed in 528 patients from 13 European clinical centers, showed that periimplant marginal bone loss after 6 months was 0.04 mm
(±1.3 mm), after 12 months – 0.12 mm (±1.6 mm), and
after 24 months – 0.2 mm (±1.7 mm).21
Marginal bone loss of 1.7 mm (±0.88) (from 0.8–5 mm) was
found after 22 years (mean 18.4 years) from the moment of
treatment with Nobel Biocare Brånemark System implants.
Bone loss increased between the 1st and the 4th year of observation, while after this period bone loss did not change.22
Bone loss of 0.77 mm (flap approach) and 1.43 mm (flapless method) was found after the placement of 147 implants
of a Polish system Osteoplant® Hex.23 Ricci et al. report
that the examination of 51 patients with 112 DENTSPLY
Friadent Frialit®-2 implants with internal hexagonal connection, after 5 years of loading with prosthetic restorations, showed 2.17 mm (±1.6 mm).24 The results of observing the same Frialit-2 system implants, conducted
for 6–60 months (mean observation time 33.45 months),
showed 0.27 mm marginal bone loss around implants
with switched platforms (the diameter of connections was
smaller than the diameter of implants at implant-abutment
connections), while in the group of implants without platform switching, bone loss was 2.30 mm. It was emphasized
that moving the microgap inward from the outer edge of
platform-switched implants reduces marginal bone loss.25
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A complete elimination of the problem related to the
connection between the implant and the superstructure
was presented earlier in a study on Cresco™ implants
with an octagonal connection placed using the specific
Precision® Method. This method involves soldering an
implant-supported prosthetic superstructure to create
passively fitting constructions, free from tensions that
may sometimes occur in the case of structures cast as
a whole. Bone loss found in this study after 12 months was
0.11 mm, and after 60 months – 0.3 mm.26
Implants with a hexagonal internal implant-abutment
connection, manufactured by MIS Implants Technologies
Ltd, are widely used, and consequently numerous reports
on the results of treatment with MIS® implants are available. In 2006, Tandlich et al. published the results of the
therapy with 181 MIS implants with internal hexagonal
connection observed from 30 months to 9 years after implantation (mean observation time 5.3 years).27 The average
bone loss was 2.99 mm. Using an individual implant as the
unit of analysis, the researchers found that factors correlated
with higher bone loss included the time from implantation
(p = 0.03), tobacco smoking and the presence of a removable
prosthesis (p < 0.05). In the following year, the same scholars published the results of their evaluation of the influence
exerted by removable prostheses based on MIS implants on
implant survival rate and marginal bone loss. Eighty-two
patients were fitted with 265 MIS implants, of which 95.8%
survived. Odds ratios for higher rates of marginal bone loss
were 1.95 for smokers, and 2.57 for patients with removable
prostheses.28 Evaluation of marginal bone loss around 294
MIS implants with internal hexagonal connection between
22 and 59 month after implantation (mean observation time
38 months) found 0.33-mm marginal bone loss one year after prosthetic loading of implants.29

Microgaps and micromovements
in the connections
at the implant-abutment level
in various implant systems
The presence of microgaps
and micromovements in implant systems
The above-cited results of studies in dogs show that the
absence of microgaps was a decisive factor that affected
marginal bone loss. At the same time, the size of microgaps did not influence peri-implant bone loss (p > 0.7).6
The role of microgaps at the implant-abutmment level
was also examined. The study involving ANKYLOS with
a conical Morse connection and Nobel Biocare Brånemark
System TiUnite with hexagonal external implant-abutment connection found that plate-like marginal bone loss
around implants was caused by microbiologically contami-

J. Szymańska, P. Szpak. Marginal bone loss around dental implants

nated microgaps at the implant abutment level, mechanically loaded with a prosthetic restoration.5 A little later,
Weng et al., comparing two implant systems (ANKYLOS
and TiUnite) in the above-cited studies involving dogs,
found that different types of implant-abutment connection
may affect the level of marginal bone around implants already at the stage of closed healing (up to 6 months of observation).7 In the case of a conical implant-abutment connection, a tendency towards smaller bone loss was found,
while bone overgrowth at the edge of implant neck was observed directly at the implant-abutment connection.7
The problem of microgaps was addressed in 2004 by
Weigl, who presented the advantages and functions of ANKYLOS implants used in restoration of single missing teeth
with crowns.30 He found that only 1.3% of 233 implants
showed loosened abutments after the mean observation period of 6.3 years. Zipprich et al., however, published in 2007
a paper dedicated to micromovements in implant-abutment connections in various implant systems.31 They detected different sizes of microgaps in the studied implant
systems. Microgaps were absent in two systems: ANKYLOS
and Astra Tech Implant System™, while micromovements
were found in other systems, such as: SIC®, Replace Select®,
Camlog®, Xive®, Straumann-synOkta® und Fräszylinder®,
Bego-Semados®, and Straumann-Massivsekundärteil®.
In earlier studies, the same authors, evaluating the implantabutment connection in ANKYLOS, after 1,000,00 cycles
of machine simulation of the chewing forces affecting prosthetically loaded implants in the oral cavity, did not find either material wear or micromovements.32
The function of implant-abutment connection depends
to a large extent on the material of which they are manufactured. A microgap found in DENTSPLAY DeguDent Cercon® abutments was smaller than that in titanium ones.33

Bacterial colonization of microgaps
in implant-abutment connections
The problem of microgaps is closely related to the problem of their colonization by bacteria that create particularly adverse conditions for implant osseointegration.
Assenza et al., evaluating in vitro bacteria migration
from the inside to the outside of implant-abutment connection in 3 types of connections without prosthetic loading, detected bacteria in 6 out of 10 implants with trilobe
connections, and only in 1 out of 10 implants with conical
connections.3 Bacteria were not found in implants with
cemented connections.
Earlier studies evaluated the colonization of implant-abutment connection with bacteria Aggregatibacter actinomycetemcomitans and Porphyromonas gingivalis. The
connection types in the studied implant systems were
the following: standard Morse taper, Morse taper with
a 0.5-mm groove modification, and tri-channel internal
connection. It was shown that only 3 out of 10 examined
unmodified conical connections were colonized by bac-
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teria, while in the case of connections with a groove connection, colonization was detected in 9 out of 10 implants
and in 10 out of 10 implants with tri-channel connections.
Thus, only the standard Morse taper guaranteed protection against bacterial colonization.34
The susceptibility of conical connection to the colonization by Escherichia coli bacteria was assessed by Koutouzis
et al.4 The evaluation of bacterial colonization inside implants involved standard abutments with Morse taper and
modified, four-groove abutments, also with Morse taper.
The examination showed that 1 out of 14 implants with
standard connection was infected with bacteria, while as
many as 12 out of 14 implants with modified abutments
were internally infected. The cited study confirmed that
Morse conical connection is bacteria-tight.
In the case of conical connection, bacteria did not permeate either from the inside of implants to the outside, or
from the external environment into implants, which was
shown by Dibart et al., who studied 25 implants in vitro.35
The problem of adverse influence of bacteria around
an implant results not only from the presence of bacteriacolonized microgaps, but is also due to the procedure of cementing prosthetic restorations. The correct cementing of
prosthetic restoration should prevent bacterial leakage at
implant fixture-abutment interface. Piwowarczyk et al.,
studying bacterial leakage after using various types of cements, found that, although none of the tested materials
prevented bacterial microleakage at crown-abutment connection, the cement manufactured by 3M ESPE – RelyX
Unicem™ proved the best one.36 The authors emphasize
that the results of implant treatment are not only affected
by the tightness of implant-abutment connection (which
depends on its construction), the kind of cementing material, but also by the cementing technique.

Marginal bone
around different types of implants
in the same patient
The assessment of the status of marginal bone around the
implant during the processes of implant therapy was addressed in numerous studies. However, almost all of those
papers reported research on a group of patients treated with
the same type of implants, while only a few articles described
different types of implants in the same patient. It must be
noted that in such circumstances a comparison of treatment
results is difficult because of individual differences that cannot be eliminated either by studies on large populations or by
multifactorial statistical analysis of the collected data.
An instance of observation of patients with one of the two
types of implants was reported in the paper by Pieri et al.,37
who described 0.51-mm marginal bone loss around implants with internal hexagonal implant-abutment connection, and 0.22-mm around implants with a conical one
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(p = 0.004), 12 months after immediate loading with prosthetic restorations. In addition, the researchers found that
between the two groups, there were no significant differences concerning such periodontal parameters as marginal
soft tissue level and papilla height (p > 0.05).
A study by Degidi et al. is one of the few works that report on a histological and histomorphometric evaluation of
the progress of osseointegration around implants in a bone
sample, taken from humans, with two implant systems.38
The patients received two ANKYLOS implants and two
BIOMET implants with platform-switching. The BIOMET
implants were inserted 1 mm below the bone crest, while
the ANKYLOS – 3 mm below the crest. The implants
were immediately restored with screwed-on splinted connections. After 6 weeks of healing, one implant was surgically retrieved from each system. It was found that the
first bone-to-implant contact was 0.1–0.3 mm below the
implant neck for ANKYLOS, while for BIOMET it was
0.7 mm below the neck. No symptoms of soft tissue inflammation were found for either implant type.
Bratu et al. published two papers on marginal bone loss
around implants with internal hexagonal connection, but
with two types of implant neck surface, placed in the same
patient.39,40 The study published in 200739 compared bone
loss around 72 implants of two MIS subsystems. It was
found that after 4 months of healing, bone loss around
Lance® implants (L-model with a polished neck) was
0.91 mm, while around Seven® implants (S-model with
microthreads) – 0.22 mm. After 6 months of loading with
a prosthetic restoration bone loss reached 1.29 mm for
Lance subsystem, and 0.65 mm for Seven subsystem, while
after 12 months it was 1.47 mm and 0.68 mm, respectively.
Another paper by Bratu et al. compared the two MIS implants subsystems: S-model and L-model in 46 patients,
on the basis of pantomographic radiograms made immediately after crown cementation on implants abutments,
after 6 and 12 months.40 The study found that bone loss
was significantly lower for S-model than for L-model, and
reached, respectively: 0.21 mm and 0.77 mm immediately
after cementation, 0.56 mm and 1.20 mm after 6 months,
and 0.69 mm and 1.47 mm after 12 months. The results
of those studies show the significance of implant surface
modification for osseointegration process.

Conclusions
The presented review of available literature shows that
the marginal bone loss around the implant systems with
the conical implant-abutment interface is so slight that it
is conducive to positive treatment results and therapeutic
success. Undoubtedly, however, it is also dependent on the
influence of numerous other factors. Firstly, the factors in
question are related to the implant system: differences in
implant structure, types of surfaces, shapes and materials. Secondly, bone loss depends on prosthetic treatment:
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implants may be placed at different locations in the alveolar process bone and at different levels in the hard bone;
open or closed methods of healing are used; types of prosthetic restorations loaded after implantation vary, as also
varies the time from implantation to loading (early or late
loading), types of cementing material and cementing techniques. As the cited studies show, the patient’s characteristics, such as age, gender and tobacco smoking, also affect
marginal bone loss around dental implants.
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in children with brain tumors: Description of cases
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Abstract
Despite the fact that the results of oncological treatment improved significantly, cancer remains the main
cause of death among children in Poland. Cancer survivors in Łódź have been included in a special preventive program for monitoring late health complications, which is supervised by the Ministry of Health.
Seventy-five patients had dental investigations performed and 61 underwent radiographic examinations
of their dentition.
The state of dentition in 4 children, who were previously treated for brain tumors years ago, is discussed in
this paper. Removal of tumor was the first stage in their treatment; then, the patients were treated according
to the Polish protocol for treating brain tumors (etoposide, vincristine, cisplatin, cyclophosphamide). Two of
the patients additionally underwent radiotherapy of head (with a dose of 54 Gy). Late dental complications,
such as agenesis of teeth, microdontic teeth, teeth with short roots and others were found in all 4 studied
patients. It was concluded that patients should be covered with special dental care and treatment during
and after cancer therapy.
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Brain tumors account for 2% of all malignant neoplasms
in Poland, with the incidence of tumors being equal both
in women and men. The data from the National Register
of Neoplasms (in Polish: Krajowy Rejestr Nowotworów)
shows that the frequency of brain tumors in adults increased twice in the recent 3 decades.1
There are 20-30 new cases of brain tumors recognized
among children in Poland every year. After leukemia, brain
tumors are the second most often diagnosed childhood cancer and account for 15% of all neoplastic diseases. In the last
20 years, the morbidity among people aged 0–19 remained
on a constant level and brain tumors are the cause of death
of 1/3 of all children diagnosed with cancer. Only 25% of
children that suffered from brain tumors survive 5 years and
all of them suffer from late complications of both the main
disease and side effects of its treatment.1
About 10,000 children who underwent cancer therapy live
in Poland and require the state of their health to be monitored during the following years.2 The National Program for
Fighting Cancer Diseases, founded and financed by the Ministry of Health, is aimed at cancer survivors, patients of the
Department of Pediatrics, Oncology, Hematology and Diabetology, Medical University of Lodz. A thorough evaluation
of state of children’s health has been provided to detect late
complications. The examinations in the fields of neurology,
nephrology, cardiology have been carried out by specialists
to diagnose endocrine disorders, growth impairment or secondary cancers. Since 2013, dental examinations have been
performed in the patients and 75 cancer survivors were admitted to the Dental Institute, Medical University in Łódź in
the following few years. Sixty-one of them had panoramic
radiographic examination of their dentition.
The state of dentition of 4 children, who were cured
from brain tumors, was described in this paper on the basis of dental and radiological examinations.

Case reports
Patient 1 (P.C.)
A girl (P.C.), born on May 9, 2000, was admitted to the
Department of Pediatrics, Oncology, Hematology and Diabetology, Medical University of Lodz on September 10,
2004. At the beginning of the therapy she was 52 months
old and the cancer therapy lasted for 20 months. A subtotal removal of the tumor was the first stage of treatment
and the histopathological diagnosis of ependymoma was
established. Then, the patient was treated according to
the Polish protocol for treating brain tumors in children
> 3 years old (etoposide, vincristine, cisplatin, cyclophosphamide). Radiotherapy of the central nervous system
(at a dose of 54 Gy) was also performed. The disease is in
remission, with a stable volume of the tumor (last followup in September, 2016).
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Fig. 1. (P.C.) Girl aged 12, 6 years after cancer therapy, short roots of
premolars 15, 25, 34, 35, 44, 45 and taurodontic traits of teeth 16 and 26

At the time of dental investigations the girl was at the
age of 12 years and 6 years passed since the end of the
treatment. In a panoramic radiography (Fig. 1) changes
in shape of the tooth roots were found in teeth: 15, 25, 34,
35, 44 and 45 and short roots with taurodontic traits of
pulp chamber were found in teeth 16 and 26. The scores
of DMFt and DMFs were 4 (2 teeth with caries and 2 teeth
filled). The oral hygiene was quite good, with OHI = 1.
The girl showed a bilateral anterior and posterior crossbite and rotations of teeth.

Patient 2 (A.W.)
A girl (A.W.), born on November 24, 1998, was admitted
to the Department of Pediatrics, Oncology, Hematology
and Diabetology, Medical University of Lodz on May 10,
2001. At the beginning of the therapy she was 29 months
old and the cancer therapy lasted for 24 months. A total
removal of the tumor was the first stage of the treatment
and the histopathological diagnosis of medulloblastoma
was established. Then, the patient was treated according
to the Polish protocol for treating brain tumors in children <3 years old (etoposide, vincristine, cisplatin, cyclophosphamide). Due to the local relapse of the tumor,
the second total removal of the tumor was performed.
The girl was treated with chemotherapy for relapsed brain
tumors (ICE protocol – ifosfamide, cisplatine, etoposide).
Radiotherapy of the central nervous system (dose 54 Gy)
was also performed. The disease stays in remission, with
no tumor growth being detected (last follow-up in November, 2016).
In a panoramic radiography (Fig. 2) performed at the
age of 14 years, 9 years after the end of therapy, the following dental anomalies were found: microdontic teeth
14, 15, 24, agenesis of premolars 25, 35 and changes in
a crown shape of molars 17, 27, 37, 47. The opacities
of enamel were also noted in most of the teeth. The
score of dmft was 2 and dmfs was 8 (1 tooth with caries and 1 filled), whereas DMFt was 4 and DMFs was
5 (4 teeth with fillings). Oral Hygiene was poor, with
OHI = 2. A bilateral, posterior crossbite was also found
in the patient.
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Fig. 2. (A.W.) Girl aged 14, 9 years after cancer therapy, microdontic 14, 15,
24 teeth, agenesis of premolars 25 and 35 and changes in the crown shape
of molars 17, 27, 37 and 47

Fig. 4. (K.B.) Girl aged 8, 5 years after cancer therapy, agenesis of teeth 14,
15, 35, 45, 17, 27; extracted molars 36 and 46. There are also microdontic
teeth: 22, 23 and 24

Patient 3 (D.S.)

Patient 4 (K.B.)

A boy (D.S.), born on September 27, 2006, was admitted to the Department of Pediatrics, Oncology, Hematology and Diabetology, Medical University of Lodz
on May 1, 2007. At the beginning of the therapy he was
6 months old, and the treatment lasted for 21 months.
A total removal of the tumor was the first step of oncological treatment and the histopathological diagnosis of ependymoma anaplasticum III was established.
Then the patient was treated according to the Polish
protocol for treating brain tumors in children < 3 years
old (etoposide, vincristine, cisplatin, cyclophosphamide). Due to the young age of the child at the moment
of chemotherapy cessation and no detectable signs of
any local relapse of the tumor, radiotherapy of the central nervous system was not applied. The disease is in
remission (last follow-up in August, 2016).
The patient had his teeth examined at the age of 6
years, 4 years after the end of therapy. Several microdontic teeth were found (all first premolars: 14, 24, 34
and 44) in panoramic radiography (Fig. 3). The dmft
and dmfs scores were 1 (1 tooth with caries), whereas
all permanent teeth were free from caries (DMFt = 0).
The patient had a normal occlusion and good oral hygiene (OHI = 0).

A girl (K.B.), born on September 17, 2004, was admitted to the Department of Pediatrics, Oncology, Hematology and Diabetology, Medical University of Lodz on
March 12, 2007. The patient was 28 months old at the
beginning of therapy, which lasted for 24 months. A subtotal removal of the tumor was the first stage of cancer
treatment and the histopathological diagnosis of ependymoma was established. Then, patient was treated according to the Polish protocol for treating brain tumors
in children < 3 years old (etoposide, vincristine, cisplatin, cyclophosphamide). Because a stable volume of the
tumor was established after chemotherapy, radiotherapy
was not applied to the central nervous system. The disease is in remission, with a stable size of the tumor (last
follow-up in August, 2016).
The patient was dentally examined 5 years after the
cancer therapy, at the age of 8 years. Agenesis of teeth:
14, 15, 35, 45, 17, 27 was found in the patient and teeth 36
and 46 had been extracted. There were also microdontic
teeth: 22, 23, 24 observed and lower incisors and canines
were mobile.
The dmft score was 8 and dmfs was 32 (6 milk teeth had
been extracted and 2 teeth had caries). The DMFt score
was 6 and DMFs was 22 (2 teeth with caries, 2 extracted
because of caries and 2 teeth with fillings).
The patient had mesioclusion and her oral hygiene was
poor (OHI = 3). Cooperation with the patient was limited.

Discussion

Fig. 3. (D.S.) Boy aged 6, 4 years after cancer therapy, microdontic first
premolars: 14, 24, 34 and 44

The children were treated according to the Polish protocols for treating brain tumors and all of them had dental
anomalies observed later. It has been already proved that
cancer survivors suffered more often from dental complications than healthy children. Missing and microdontic
teeth, teeth with short roots or misshaped crowns, teeth
with the opacities of enamel and higher caries rates have
been significantly more often found in cancer survivors.3–5
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It still remains unclear why some children after oncological treatment develop agenesis of teeth, while others
develop microdontic teeth or other complications, as the
correlation between the types of dental abnormalities and
cancer treatment has not been explained so far. It is suspected that the type of abnormality might depend on the
stage of tooth development at the moment of applying the
treatment.5 This is in accordance with our observations.
The youngest of our 4 patients started the therapy at the
age of 6 months and had 4 microdontic first premolars,
while the oldest patient, who started the therapy at the age
of 52 months, had only changes in the shape of roots. The
worst dental complications were found in a girl with a relapse of tumor, who was treated with radiotherapy of head
> 54 Gy. She had both missing and microdontic teeth and
her tooth crowns of molars were misshaped as well.
Harmful effects of head or neck radiotherapy during
cancer treatment on oral state of patients have been extensively described and discussed in the literature.6,7 Dysfunction of salivary glands, followed by xerostomia, may
lead to increased susceptibility to oral infections, sleep
disturbances and difficulties in eating or even speaking.
In long term prospects, decreased salivary flow can lead
to enamel demineralization and increased caries.8
In patients at the developmental age, radiotherapy can
also directly disturb the mitotic activity of odontoblasts,
which results in the formation of “osteodentin” instead
of normal dentine and indirectly affects the process of
enamel formation.9,10 Lower level of phosphorylated
phosphoprotein in the damaged dentine may inhibit the
process of mineralization of the enamel, as a close spatial
relationship between enamel and the crystals of calcified
dentin collagen fibrils has been observed.11 A multivariate analysis of self-reported dental state of 9,308 cancer
survivors in the USA has revealed that radiation exposure
(> 20 Gy) was associated with an increased risk of dental
abnormality.12
High-dose radiotherapy (of more than 54 Gy) can be applied in the treatment of brain tumors in older children.
Two of the patients reported in this paper were treated
with radiotherapy of the central nervous system at the
age > 3, which is still a very young children, as odontogenesis and active mineralization of hard tooth tissues takes
place at that time. This is why white opacities, which were
the result of enamel disturbances, were noted in a girl
with relapsed disease and the crowns of her second molars were misshaped, with the enamel flaking out.
The younger the age of cancer patients, the higher the
risk of dental complications. Among 55 children after
stem cell transplantation, the younger age (< 5 years) was
found to be a strong risk factor for tooth abnormalities.13
It was also found that in children < 5 years of age, the risk
of abnormalities depended on the dose of alkylating agent
used in the therapy.12
Chemotherapeutics used in cancer therapy have already
been proved to interrupt the process of odontogenesis
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in children. In the investigated patients, the following
drugs were used: etoposide, vincristine, cisplatin and cyclophosphamide. Among those, vincristine has been most
often described as highly pathogenic for tooth development.10 The “in vitro” experiment on tooth development
with the use of the organ culture model showed that induction of mitotic arrests at the cervical loop and in the
inter-cuspal regions was due to the toxic effect of vincristine. Mineralization decreased as the dose was increased
and the highest doses were cytotoxic to most cells in the
developing tooth germ, while the lowest doses did not induce pathological changes.14
It was also found that children who received a cumulative dose of cyclophosphamide > 7500 mg/m3 during the
cancer therapy had significantly more teeth with short
roots than cancer survivors who got none or lower doses.15
Earlier experimental studies on rat teeth showed that
wide cell-free areas, which later turned into osteodentin,
appeared in the third molar of animals after injections of
cyclophosphamide at the dose of 30 mg per kg of body
weight. The injections were made on the 10th and 13th day
of age and the sites affected by changes were related to the
developmental stage of tooth germ.16 Also, in the study by
Kawakami et al., several injections of cyclophosphamide
(100 mg/kg, i.p.) have led to the disturbance in the length
and shape of roots of the first molars in 12-day-old mice.17
In our patients, brain tumors were surgically removed
at the first stage of treatment. In some cases, surgery of
head in cancer therapy may also lead to the disturbance in
occlusion. We found that 3 out of 4 patients had malocclusion: 2 patients had crossbites and 1 had mesioclusion.
Those anomalies were probably not related to the applied
cancer treatment, since mesioclusion and crossbite are the
most often found malocclusions among Polish children.18
However, a crossbite concerning especially the deciduous
teeth is quite often associated with a diet that is too soft.
The children during cancer therapy had incidents of acute
inflammation of the oral mucosa, which prevented them
from eating hard food, which might later turn into a part
of their nutritional habits. Nutritional disorders of children ingesting only small amount of semi-fluid or fluid
food during their long-lasting anticancer therapies, are
also a matter of concern to oncologists.19
Another girl with malocclusion had several teeth extracted and it was difficult to precisely determine which
teeth were missing because of cancer therapy and which
had been extracted during previous dental treatment.
However, the condition of the missing molars led to a high
number of dental problems, which included pathological
mobility of overloaded lower one-rooted teeth.
Our patients also had problems with maintaining good
oral hygiene and the scores of caries among them were
relatively high. They were not given an additional fluoride
prophylaxis, neither during nor after the cancer treatment. Despite their young age at the dental check-up:
14, 12, 8 and 6 years, all children except for the young-
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est one had permanent teeth with active caries lesions,
either extracted or filled. That might be partly due to adverse circumstances caused by the cancer therapy, which
intensified processes of demineralization in the enamel.
Hsieh et al. found that half of the recipients of childhood
antineoplastic therapy had low (0.7–1.0 mL/min) or very
low (< 0.7 mL/min) saliva flow.15
On the other hand, authors indicated that a higher incidence of caries in cancer survivors was often related to the
lack of proper caries prophylaxis during and after treating
the main disease.10 Cancer patients, who were included
in proper dental care programs, did not differ in terms of
caries scores from their healthy peers.20

Conclusion
Cancer patients cured from brain tumors should be
covered with special dental care and treatment in order to
avoid late dental complications of antineoplastic therapy.
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Abstract
Linear IgA disease (LAD) is rare and there are only a few cases reported where its lesions were limited to
the oral mucosa. Eosinophilic granulomatosis with polyangiitis (EGPA) is also a rare multisystemic disease.
Therefore, the occurrence of LAD and EGPA in the same patient is very rare.
Here we report the oral manifestations of a case of a 24-year-old female who first presented with idiopathic
thrombocytopenic purpura (ITP) and was treated with dapsone, with LAD occurring later. Over the next
6 years, this patient developed hypothyroidism, asthma, eosinophilia, glaucoma, abnormal menstruation,
arthritis, glomerulonephritis and respiratory tract involvement. Finally, EGPA was diagnosed by her physicians. This is the first case report of LAD and EGPA that radiographically showed the development of generalized severe alveolar bone loss and internal root resorption of the maxillary right second premolar between
the first visit and a 2-year follow-up.
Key words: linear IgA disease, eosinophilic granulomatosis with polyangiitis, alveolar bone loss, internal
root resorption,
Słowa kluczowe: linijna IgA dermatoza, ziarniniakowatość eozynofilowa z zapaleniem naczyń, ubytek
kości wyrostka zębodołowego, wewnętrzna resorpcja korzeni
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Linear immunoglobulin A disease (LAD) is a rare subepithelial blistering autoimmune disorder characterized
by linear deposits of IgA along the basement membrane
zone.1,2 LAD predominantly affects the skin and mucous
membranes; however, the occurrence of lesions limited to
the oral mucosa is rare.3 Most LAD cases are idiopathic;
however, certain drugs, infections, trauma, autoimmune
disorders and malignancies can be potential inducers.3–6
Some authors have proposed that it may be precipitated by
diclofenac,6 lithium carbonate,7 statins,8 piroxicam,9 acetaminophen,10 amiodarone,11 ampicillin/sulbactam,12 metronidazole,13 amoxicillin-clavulanic acid,14 interferon-2a,15
trimethoprim-sulfamethoxazole16 and vancomycin.17 LAD
have shown oral manifestation such as desquamative gingivitis, persistence of ulceration and the management of the
oral lesions are very difficult.18
Eosinophilic granulomatosis with polyangiitis (EGPA)
is a rare multisystemic disorder that affects small-to-medium-sized vessels and is associated with severe asthma
and eosinophilia.19 The pathogenesis of EGPA is still unknown but eosinophils are the most characteristic cells
in this disease. Anti-neutrophil cytoplasmic antibody
(ANCA) associated vasculitis of the small vessels, especially glomerulonephritis, is another feature of EGPA.20,21
Generalized severe alveolar bone loss in an LAD/EGPA
case has never been reported.

Case report
A 24-year-old female patient was referred to the clinic
of the Department of Oral Medicine in 2014 with complaints of a burning sensation and bullous eruption in the
oral cavity during the past 2 years. She was initially diagnosed with idiopathic thrombocytopenic purpura (ITP)
in 2010, and was treated with dapsone by her physicians.
However, she developed a severe hypersensitivity reaction on the skin and subsequently received 60 mg/day
prednisolone. After treatment, the skin showed improvement. In 2011, she went to the dentist for orthodontic
treatment and during treatment, bullous eruptions began
in the oral cavity along with slight tooth mobility. The history of tooth mobility was unclear, however, it gradually
developed during her orthodontic treatment. Despite this
mobility, successful minor tooth movement was completed within that year. In 2014, a biopsy specimen taken from
her lesion showed IgA deposited at the basement membrane and LAD was diagnosed by her physician. Because
the lesions were limited to the oral mucosa, her physician
referred her to our clinic for treatment.
At the patient’s first visit in 2014, an extraoral examination showed generalized skin hypopigmentation and nail
grooves. Intraoral examination showed blood filled bullae
on the gingiva at the maxillary right second premolar and
left lateral incisor, and petechial hemorrhage on the lingual
gingiva of her mandibular anterior teeth and the dorsal

Fig. 1. (a) Blood filled bullous on gingiva of maxillary right second premolar,
(b) left lateral incisor, and (c) petechial hemorrhage at the mandibular
gingiva at the lingual aspect of the anterior teeth and (d) the dorsal surface
of the tongue

surface of the tongue (Fig. 1a-d). We referred her to the
Periodontology Department for treatment. Fluocinolone
acetonide 0.1% with clotrimazole gel was prescribed to apply on the lesions and an oral hygiene check-up was performed. Her symptoms and bullae showed improvement.
She did not attend follow-up visits and returned to our clinic in July 2016. At that time, the oral lesions were worse and
we referred her to a dermatologist for further treatment.
Interestingly, during 2010-2016, she developed arthritis,
glaucoma, abnormal menstruation, eosinophilia, hypothyroidism, asthma, respiratory tract involvement, and glomerulonephritis. Based on these findings, her physicians
diagnosed her systemic disease as eosinophilic granulomatosis with polyangiitis (EGPA) and treated her with mycophenolate mofetil 500 mg 1 tablet b.i.d., tacrolimus 0.5 mg
1 tablet o.d., prednisolone 1 tablet o.d., levothyroxine 0.1
mg 1 tablet o.d., enalapril 5 mg ½ tablet o.d., simvastatin 10
mg 1 tablet h.s., and vitamin D (20,000 U) 1 tablet weekly.

Fig. 2. (a) Generalized erythematous gingiva is seen and (b and c) blood
filled bullae (5 mm and 3 mm) on the right buccal mucosa with bullous
rupture. Bullous rupture (8 × 3 mm) was found on the right and the left
hard palate area second molar
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Fig. 3. Timeline of the occurrence of the oral lesions and developing diseases

In December 2016, she returned to our clinic with
chief complaints of a burning sensation and bullous
rupture in the oral cavity without skin lesions. Generalized erythematous gingiva and 5 mm and 3 mm blood
filled bullae on the right buccal mucosa were observed.
Ruptured 8 × 3 mm bullae were found on the right
and the left hard palate areas of the second molar (Fig.
2a–c). Triamcinolone acetonide 0.1% mouthwash was
prescribed to treat the oral lesions, however, the lesions
only showed slight improvement. The timeline of the

occurrence of the oral lesions and developing diseases
is shown in Fig. 3.
Oral radiographic findings showed internal root resorption of the maxillary right second premolar and generalized severe alveolar bone loss between the first visit in
2014 and the 2-year follow-up (Fig. 4–6). Although the
internal root resorption size was similar to that observed
at the first visit, the patient demonstrated generalized
progressive bone loss since her initial visit. In addition,
many teeth showed apical root resorption.

Fig. 4. Oral radiographic findings showing internal root resorption of the maxillary right second premolar and generalized severe bone loss at the first visit
(January 2014)
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Fig. 5. May 2014, mandibular right first and second molars demonstrated bone destruction. The first molar was extracted. The size of the internal root resorption
site on the maxillary right second premolar was unchanged

Discussion
Vesiculobullous lesions are common in the oral mucosa; however, LAD is a rare disease. The involvement
of only the oral mucosa in LAD is rare and commonly
presents as desquamative gingivitis.3,22,23 However, LAD
treatment does not always control the progression of the
disease. To our knowledge, this is the first case of LAD
and EGPA associated with severe alveolar bone loss and
internal root resorption. The patient was initially treated
for ITP with dapsone. Surprisingly, dapsone, which is
a bacteriostatic, anti-inflammatory, and immunomodulating agent, is a drug used in the treatment of LAD,1 however, this patient developed LAD after dapsone treatment.
Although dapsone is frequently prescribed compared to
other second-line treatments that can be an option for
the less severe form of ITP,24 a severe allergic reaction
erupted on her skin. Therefore, the physicians treated her
with 60 mg/day prednisolone and gradually reduced the
prednisolone dosage when the skin showed hypopigmentation. From her medical history, following treatment of
ITP with dapsone, the patient developed LAD. Although
the etiology of drug-induced LAD remains unclear, it
might be caused by an immune response from drug-derived hapten-protein antigens. However, because drug-

Fig. 6. Panoramic radiograph from December 2016 demonstrating that
many teeth had been extracted, however, the internal root resorption on
the maxillary right second premolar was still the same size

induced LAD is more severe than spontaneous LAD, we
cannot rule out that her LAD developed spontaneously.25
Since the first visit, this patient had developed many
systemic diseases. EGPA was ultimately diagnosed by her
physicians. EGPA, or Churg-Strauss syndrome (CSS), is
characterized by disseminated necrotizing vasculitis with
extravascular granulomas occurring in patients with asthma and tissue eosinophilia.26 EGPA is also a rare disease
with an incidence in Europe of 0.5–6.8 new cases/year per
million people; however, a case of EGPA in a Thai patient
has never been reported. This disease most commonly affects subjects between 40–60 year-old, with a mean age
at diagnosis of 48 years.19 Other manifestations of EGPA
include major salivary gland involvement with the development of a focal mass or enlargement and neurolaryngeal
involvement with dysphonia.27–30 Treatment of patients
with EGPA must be performed by experienced physicians
who are specialists in rare autoimmune diseases. A combination of high dose corticosteroids and cyclophosphamide remains the gold standard for the treatment of severe
EGPA cases; however, the use of biological agents such
as rituximab or mepolizumab seems to be a promising
therapeutic alternative.20,26 Our patient’s oral radiographic
findings showed internal root resorption of the maxillary
right second premolar and generalized severe alveolar
bone loss between the first visit and the 2-year follow-up.
An excessive loss of crestal bone height is almost never
seenas a complication of orthodontic treatment and minimal effects on crestal bone level are observed during longterm follow up.31 The severe alveolar bone loss may be due
to the disseminated necrotizing vasculitis that can occur
in EGPA. Therefore, it is unreasonable to suspect that the
periodontitis in this case occurred from orthodontic force
3 years after treatment was completed. Thus, based on the
patient’s history, clinical attachment loss and radiographic
images, aggressive generalized periodontitis in the course
of EGPA was the diagnosis in this case. However, this
case was difficult to manage from a periodontal perspective. Conventional periodontal treatment was performed
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by a periodontist since 2014, however, there was no improvement due to her EGPA involvement. Moreover, the
patient did not come for follow-up visits for 3 years, therefore, rapid periodontal progression was seen in almost all
teeth. Periodontal treatment was ineffective in halting the
progression of the patient’s generalized alveolar bone loss.
Multiple teeth were extracted because of mobility from severe bone loss. Many teeth showed apical root resorption
that could have resulted from orthodontic force during
fixed orthodontic treatment. A previous systematic review
concluded that comprehensive orthodontic treatment
increased the incidence and severity of root resorption,
with heavy forces being particularly harmful.32 In our case,
it might be possible that EPGA can cause severe bone loss.
However, the size of the internal root resorption lesions
was similar to that at her first visit.

Conclusion
This case report presents the very rare finding of both
LAD and EGPA in the same patient. In addition, this is the
first report of a case of LAD and EGPA associated with
severe generalized alveolar bone loss and internal root resorption. Moreover, the progression of the generalized severe alveolar bone loss in this case could not be prevented.
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Abstract
The aim of this study was to present the case of a 68-year-old female patient with jaw bone necrosis associated with the use of bisphosphonates. The case was qualified for the second degree of severity (BRONJ).
The study demonstrates a multi-month observation of the patient and describes the sequestrectomy
procedure performed, which was supplemented by covering the bone tissue with a collagen sponge. The
treatment applied was slightly different from the accepted algorithms of proceedings. The difference was
connected with the use of a collagen sponge containing gentamicin (used to cover the bone’s surface) after
the sequestrectomy. The collagen material, in contrast to the exposed dead bone, is a surface which may
be susceptible to epithelization. This gives a possibility to the secondary closing of the wound as a result
of granulation and epithelization without the bone’s re-exposure. Moreover, the study characterizes indications for the use of bisphosphonates, their chemical structure and mechanism of action. It shows the definition of BRONJ (bisphosphonate-related osteonecrosis of the jaw) and risk factors for its occurrence, as well
as prevention and treatment methods.
Key words: osteonecrosis, diphosphonates, bisphosphonate related osteonecrosis of the jaw
Słowa kluczowe: martwica kości, difosfoniany, martwica kości żuchwy spowodowana zastosowaniem
bisfosfonianu
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Therapy with the use of bisphosphonates (BP) is now frequently implemented in the case of oncological, endocrine
or orthopedic diseases.1 Through the mechanism of action
consisting of inhibition of osteoplastic bone tissue resorption, these drugs are used in diseases connected with the
skeletal system, e.g. osteoporosis, Paget’s disease, multiple
myeloma, osteogenesis imperfecta and hypercalcemia associated with malignant tumor. They are often used in the
prevention of cancer metastases to the skeletal system.2
Bisphosphonates are synthetic analogues of pyrophosphates – i.e. natural molecules occurring in the skeletal
system.3–5 The high affinity to bones is connected with
the presence of a hydroxyl group in their structure. This
group is fixed with calcium ions on the surface of hydroxyapatite.6 This is followed by incorporation into osteoclasts, leading to their inactivation and finally to their
apoptosis.2,7 These drugs probably reduce the amount of
VEGF protein (a strong proangiogenic factor), lead to a
handicap in the formation of new blood vessels and indirectly have a negative impact on bone remodeling. The
beneficial impact on the primary disease (by inhibiting
the proliferation of tumor cells) and stimulation of their
apoptosis were demonstrated among oncological patients. Thanks to the reduced invasiveness and adhesion
of tumor cells, the formation of metastases is inhibited.2,8
Medicines from this group have been used for more
than 40 years. In the vast majority of cases, they improve
quality of patients’ life and they are well tolerated. One of
the more common complications is osteonecrosis of the
jaw bone. It is known under the name “bisphosphonate
related osteonecrosis of the jaw (BRONJ)”.9,10 For diagnosis of this disease, 3 elements should be present – the
patient received or receives drugs from the BP group,
exposure of dead bone tissue in the upper or lower jaw
was observed (longer than 8 weeks), and the patient was
not treated with the use of radiotherapy in the area of
the head and neck.11 In 2014, AAOMS (The American
Association of Oral and Maxillofacial Surgeons) recommended the change of this term to “medication-related
osteonecrosis of the jaw (MRONJ)”.12 Osteonecrosis associated with the use of bisphosphonates can occur intrinsically, but usually is connected with invasive dental
procedures, i.e. tooth extraction (75–86% of cases). Interestingly, it is more common among patients with cancer
(about 0.7–6.7%) than in patients treated for osteoporosis (0.04–0.2%).11,12 This disease more often affects the
lower jaw than the maxilla. Risk factors mainly include:
injuries associated with treatment in dental surgery, use
of mismatched prosthetic restorations, presence of bone
exostosis, odontogenic inflammations, poor oral hygiene,
coexisting diabetes, simultaneous chemotherapy and/or
steroid treatment, malnutrition and smoking.13–15 The
route of BP administration has a great impact. The risk
of BRONJ is greater for intravenous therapy (0.8–15%).
Additionally, changes occur faster – about 1 year after the
initiation of the therapy. For the oral route, the risk of ne-

crosis amounts to 0.01–0.3%, and changes occur not earlier than after 3 years after first oral administration. Necrosis is more often observed after intravenous application
of zoledronic acid, pamidronate sodium and alendronate
sodium. The occurrence of BRONJ is influenced by the
application time of BP, which is different and ranges from
1.5 to 5 years.16,17
The mechanism of BRONJ’s formation is not well explored.
It is believed that bisphosphonates have a negative impact on
osteoclasts and they impair bone turnover and bone remodeling, particularly important after tooth extraction. Furthermore, the exposure of bone tissue on the flora of the mouth
seems to the unfavorable. It has been confirmed that biofilm
presents a higher adhesion to bone saturated with BP than to
unchanged bone. These medicines demonstrate toxicity to
the soft tissues. This impairs granulation and epithelialization in the area of the alveolus, and this significantly increases the time of exposure to the oral environment. Impairment
of angiogenesis also plays a role in the etiology. As a result,
proper healing of alveolar tissues does not take place, as well
as exposure and osteonecrosis.7
The clinical picture often notes the exposure of the bone
over a large area. The visible tissue may have a characteristic gray color, there is pain caused by palpation and spontaneous pain, swelling of the surrounding soft tissues, and
sometimes pathological fractures can be observed. This
study describes the cases of osteonecrosis in the course of
BRONJ, where changed hard tissues are invisible and covered with a mucous membrane. In such cases, pain, soft
tissue swelling and distension of bones are also noted. Oroantral fistulas and associated inflammation of the maxillary
sinus are rarely observed in the case of necrosis.18 The radiological image is not characteristic and it resembles the
classic inflammation of bone tissue with the formation of
necrosis. A histopathological examination notes the necrosis of bone tissue, the change of its architectonics with visible resorption areas, the reduction in the number of blood
vessels and fibrosis. Moreover, inflammatory infiltration
and bacterial biofilm are visible.19
BRONJ should be differentiated taking into account the
presence of: dry socket, alveolitis purulenta, maxillary sinusitis, gingivitis, periodontitis, inflammation of periapical tissues and disorders in the temporomandibular joint.7

Case report
A 68-year-old female patient came to the Department
of Oral Surgery at the Medical University of Lublin for the
sanitation of the oral cavity. In the medical history, the
patient stated that for 10 years she had had oncological
treatments because of left breast cancer with metastases
to the lungs. Combination therapy was connected with
the performance of mastectomy and adjuvant chemotherapy. The patient had taken 3 cycles of chemotherapy. The
last cycle had been received 3 months prior to the visit in
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dibular lymph nodes (group B) which were very painful
on palpation. Intraorally, at the tip of the alveolar part
of the mandible in an area of about 2 cm, exposed bone
tissue was visible. Below there were numerous fistulas,
and more broken roots of teeth 31 and 42. Furthermore,
the 3rd-degree mobility of tooth 42 was observed (Fig. 1).
What is more, dressing wound was carried out and antibiotic therapy was prescribed – clindamycin 300 mg once
every 8 h. The patient’s CBCT showed a sequestrum in
the area of the removed teeth, 32–35 (Fig. 2–5).

Fig. 1. Intraoral view

the dental office. Carboplatin plus gemcitabine, as well as
zoledronic acid were applied with the use of intravenous
infusion. Currently, the patient was under constant observation of the oncologist and she was having hormonal
treatment. The intraoral examination found the residual
roots of teeth 35 and 34. It was decided to extract the
above-mentioned teeth in an outpatient procedure. One
hour before treatment, the patient got 2 g of amoxicillin
orally, and then teeth 35 and 34 were removed under local anesthesia (2% of lidocaine with noradrenaline). It was
recommended to continue the antibiotic therapy – 2 g
of amoxicillin per day in 2 divided doses for 7 days. The
post-treatment period was uneventful.
After 6 months, the patient came back in order to remove fractured teeth 32 and 33. Just like in the first time,
the procedure was carried out under local anesthesia (2%
of lidocaine with noradrenaline) and antibiotic prophylaxis (2 g of amoxicillin 1 h before surgery). Dosage of 2 g
of amoxicillin per day in 2 divided doses for 7 days was
prescribed. After 7 days, the sutures were removed and
the proper healing of the wounds was noted.
After a further 6 months, the patient returned in order
to report pain in the area of the extracted teeth 32–35.
An extraoral study presented enlarged, hard subman-

Fig. 3. Sagittal projection of mandible, with visible sequestrum

Fig. 4. Sagittal projection of mandible, with visible dimension of sequestrum

Fig. 2. 3D reconstruction of the mandible

Fig. 5. Horizontal projection of the mandible

T. Jachewicz, J. Jakiel. Bone necrosis – case report

300

Fig. 8. Intraoral view 3 months after surgery
Fig. 6. Intraoperative view with visible sequestrum

After a period of 5 days from the beginning of the antibiotic therapy and after consultation with the patient’s
oncologist, the next treatment was carried out. Under alveolar, lingual and mental nerve block anesthesia
(4% articaine with adrenaline), teeth 31, 41 and 42 were
removed, a triangular mucoperiosteal flap was created,
the mental nerve was revealed and the sequestrum was
cut out with the use of a piezosurgery unit (Fig. 6). Plasticity of the bone tissue was performed. The wound was
rinsed with ozone water, and a collagen sponge with gentamicin 5 × 5 cm was placed. The wound was closed by
non-absorbable single sutures 4.0 (Fig. 7).
The removed material was sent for histopathological
examination. The following result from this examination
was obtained: “Fragments of bone tissue in purulent inflammation with areas of necrosis”. The post-treatment
period was uneventful. The patient had regular follow-up
visits and her sutures were removed after 14 days. On the
3th day after the surgery, clindamycin was discontinued
and the patient started to take doxycycline (100 mg per

Fig. 7. Wound after suturing

day in one dose for a period of 3 months). Three months
after the surgery, a properly healed mucous membrane
without any signs of inflammation was noted (Fig. 8).

Discussion
The majority of authors recommend the preparation of
a patient for BP treatment covering sanitation of the oral
cavity.20 If it is necessary to perform tooth extraction, the
beginning of the BP therapy should be postponed (up to
2–3 weeks), until the healing of post-extraction wounds.
When the patient is already receiving BP, especially via the
intravenous route, dental procedures should be limited to
conservative, endodontic and non-surgical periodontal
treatments. Invasive treatments are not recommended.1
Patients who are in the at-risk group should be informed
about the possibility of developing BRONJ. They require
regular control visits to check the state of the oral cavity,
as well as preventive and conservative treatment.21
The algorithm for patients with diagnosed BRONJ depends on the severity of the disease. There are 3 degrees
of severity. In the 1st degree, there is an exposed and dead,
but asymptomatic bone fragment without signs of infection. The procedure consists of conservative treatment
using rinses of 0.12–0.2% of chlorhexidine. Surgical treatment is not recommended. In the 2nd degree, there is an
exposed and dead bone fragment, which is accompanied
by pain and clinical symptoms of infection. Conservative
treatment with the use of rinses of 0.12–0.2% chlorhexidine
and long-term antibiotic therapy is applied. In the case of
the 3rd degree, apart from the exposed necrotic bone fragment, pain and infection features, there is also pathological
fracture or intraoral fistula. Surgical treatment along with
antibiotic therapy and antiseptic local treatment is recommended. Regardless of the severity of the disease, the
removal of bone necrosis is always necessary. In the case
of pathological fractures, segmental resection and reconstruction of the affected bone should be carried out. Furthermore, fistulas ought to be surgically removed.16
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In cases where there is a need to perform surgical treatment in the oral cavity (during BP treatment), it is recommended to carry out the hygienization and oral hygiene
instructions. A few days before the surgery, antiseptic
mouthwashes on the basis of 0.12–0.2% chlorhexidine
should be applied. Antibiotic therapy ought to be implemented. Formulations typical for the maxillo-facial area
(amoxicillin, clindamycin, doxycycline) are applied in typical doses. It is recommended to start the antibiotic therapy
1–3 days before the surgery. Medications should be administered in the long term – from 3 months to over a year.22
Each treatment should be performed in the least invasive way. The resulting wounds ought to be initially closed
and the doctor should avoid the mobilization of large
flaps of soft tissues. Such a procedure reduces the exposure of bone tissue to the flora of the oral cavity, which in
turn supports the healing process without complications.1
After the completion of a necrectomy, some authors suggest the covering of bone with platelet-rich plasma, which
stimulates osteoblasts, accelerates epithelialization, reduces inflammation and stimulates angiogenesis.23 A good
result was obtained after the application of ozone combined with surgical treatments and antibiotic therapy.24
Moreover, research concerning the use of hyperbaric
oxygen therapy especially in combination therapy is being carried out, and the results are promising.25 The procedure (carried out in the above-described way) has very
good effects in the case of patients who take BP orally.
More than 90% of patients are cured. In the case of intravenous therapy, the effectiveness of treatment is worse,
only 50–88%.17
More and more patients qualify for therapy with the
use of BP. Importantly, patients should be appropriately
prepared and dental treatment ought to be carried out in
accordance with the applicable regulations. If there are
complications in the form of BRONJ, patients should be
directed to clinical hospitals with adequate algorithms for
procedures and experience in such patients.
The case of the female patient described in this article
qualified for the 2nd degree of severity (BRONJ). The treatment applied was slightly different from the accepted algorithms of procedures. The difference was connected
with the use of a collagen sponge containing gentamicin
(used to cover the bone’s surface) after the sequestrectomy. It was used for 2 reasons. First of all, the authors’
experience shows that the main problem during the healing period is the dehiscence of edges in the originally
closed wound. The collagen material, in contrast to the
exposed dead bone, is a surface which may be susceptible
to epithelization. This gives a possibility to the secondary
closing of the wound as a result of granulation and epithelization without the bone’s re-exposure. Additionally,
many studies confirm the presence of plentiful bacterial
colonies in the area of sequestrum. Gentamicin (released
for several days from the collagen carrier) demonstrates a
proper spectrum and it is directly applied to the location
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of the inflammation. The use of a collagen sponge with
gentamicin significantly improves the healing of bone tissue, increasing the chances of the patient’s recovery.
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Abstract
Peri-implant lesion, an inflammation around the distal portion of an implant, is one of the main reasons for
implant failure. It is considered as the equivalent of a periapical granuloma. Theoretically, an inflammatory
cyst analogous to a radicular cyst could develop in a peri-implant lesion but this does not appear to have
been reported in the literature. Although peri-implantitis and peri-implant lesion are now scientifically accepted as implant failure causes, an inflammatory odontogenic peri-implant cyst that develops from periimplant granuloma has never been reported previously.
Two cases of a peri-implant cyst are reported in this article. Both developed around the apical portion of
an implant placed into an area without any preexisting dental infection, periapical granuloma or cyst. Radiographically, they had typical features of a radicular cyst and on pathological examination were lined by
a variably hyperplastic non-keratinized epithelium. The name “peri-implant cyst” is proposed for this new
entity.
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Shortly after the introduction of the osseointegrated
implant, it became apparent that the tissue surrounding
implants could suffer from diseases of the same type as
affect the periodontal tissues. Peri-implantitis was recognized in 19631 and named following discussion of appropriate terminology in the literature and subsequently
shown to be “…a site specific infection which yields many
features in common with chronic periodontitis”.2,3
Subsequently, with larger numbers of implants having
been inserted, additional types of implant-associated lesions became apparent. The implant periapical lesion is
considered the equivalent of a periapical granuloma and
is presumed to arise through persistence of pre-existing
periapical inflammation, though similar lesions might
arise from surgical trauma4 or a foreign-body reaction, for
example to starch particles.5
Implant periapical lesions have been reported to have
a prevalence of 0.26% of implants placed6 and are found
usually around long implants placed in dense bone.7-11
Their pathogenesis has been proposed to be multifactorial and remains unclear.7,12
The radicular cyst is a well known complication of periapical granulomas on teeth, caused by proliferation of
epithelium of the cell rests of Malassez. As these cell rests
can persist following extraction, there is no reason why
the equivalent of a radicular cyst could not form on an
implant, though this appears unreported.
This article describes 2 patients with peri-implant lesions that were found to have a central cyst cavity and
an epithelial cyst lining on histological examination. The
term peri-implant cyst is suggested for these odontogenic cysts, which are thought to be the implant-associated
equivalent of radicular cysts.

N. Kochaji. Peri-implant cyst?

Fig. 1. Radiographs of case 1: left, preoperative. The faint outlines of the
lamina dura of the extracted teeth is visible and there is complete healing of
medullary and cortical bone. No radiolucency is present. Center, 6 months
after implant placement, an apical corticated radiolucency with a smooth
outline is present. Right, 9 months after implant placement, the radiolucency
has persisted and appears to have enlarged slightly, though the 2 films are
not standardized views

Macroscopically, the lesion was cystic and microscopically the lumen was lined by a layer of inconspicuous nonkeratinized stratified squamous epithelium lying on an inflamed fibrous tissue wall with a dense capsule-like outer

Case reports
Case 1
A 45-year-old female, non-smoker and non-alcohol user
with good oral hygiene presented to her dentist requesting implant placement in the edentulous right mandible
posterior to the premolars (Fig. 1, left). The implant site
was prepared using the system kit using a hand piece with
external irrigation. After drilling the socket, the implant
(4.9 × 12 mm, cylinder) was placed using the ratchet with
normal torque about 20 N/cm for primary stability. On review 6 months later, the implant appeared successful, with
complete osseointegration, a healed mucosal interface
and no signs of failure. However, a radiograph revealed
the presence of a peri-implant apical radiolucency 7 mm
in maximum diameter (Fig. 1, center). No alveolar expansion or sinus were present. The implant was removed and
the apical lesion submitted for histological evaluation
(Fig. 1, right). Two additional implants placed in the contralateral edentulous mandible integrated normally.

Fig. 2. Histological view of case 1: H&E (above) and PanCK (below) of
case no. 1. The epithelial lining of the cyst lumen is visible in routine H&E
stain and highlighted by keratin immunohistochemistry. There is light
inflammatory reaction in the underlying connective tissue
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layer (Fig. 2, above). The epithelial nature of the lining
cells was confirmed with pan-cytokeratin immunohistochemistry, performed on paraffin embedded samples using routine methods with diaminobenzidine visualization
and anti-cytokeratin antibody PAN-CK; MA5-13203 (Fig.
2, below). The histological appearances were identical to
those of a radicular or apical inflammatory dental cyst
around the apex of a tooth.

Case 2
A 21-year-old female non-smoker and non-alcohol user
with moderate oral hygiene was referred to her dentist
asking for implant placement in the edentulous area posterior to her lower right first molar (Fig. 3, left). The site
was prepared using a hand piece with external irrigation
and then an implant (4.9 × 10 mm, cylinder) was placed
using the ratchet, with normal torque about 30 N/cm for
primary stability (Fig. 3, center).
The implant on the right was assessed 9 months after
placement. Clinically the wound was completely healed
and no signs of failure were present. However, radiographic
evaluation revealed the presence of a peri-implant apical
radiolucency of greatest dimension 14 mm (Fig. 3, right).
No alveolar expansion or sinus were present.
The implant was removed and the apical lesion was submitted for histological evaluation. Microscopically the lesion consisted of a cyst wall with the lumen lined by hyperplastic non-keratinized epithelium of several cell layers
thickness supported by immature and mature fibrous tissue
(Fig. 4, above). On pan-cytokeratin staining using the same
methods as in case 1, the cyst lining layer was confirmed as
epithelium (Fig. 4, below) and the histological appearances
were indistinguishable from a radicular cyst.
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Fig. 3. Radiographs of case 2: left, preoperative. No radiolucency is present.
Center, directly after implant insertion, primary osteointegration is visible.
Right, 9 months after implant placement, a radiolucency has developed to
the apex of the implant

Radicular cyst is a well recognized consequence of
periapical granuloma and the conditions that allow cyst
formation would appear to be present in a peri-implant
lesion. Critical to cyst formation is the presence of cell
rests of Malassez.13 These odontogenic epithelial cells
are remnants of Hertwig’s root sheath, formed from
both inner and outer enamel epithelium after crown
formation.13–15

Discussion
Peri-implant lesions have been ascribed to a variety of
causes4-12 including bone overheating, absence of primary
implant stability, reduced healing ability of the host, implant overloading, contamination during production or
insertion, pre-existing bone infections, residual root particles and foreign bodies, placement of an implant into
an infected maxillary sinus or the possibility of persisting
periapical infection from a tooth at the implant site.
However, most of these causes are theoretical and
those based on theories of persistent infection seem an
unlikely cause as the nidus of infection has been eliminated. Periapical granulomas on teeth are not infected,
but maintained by leakage of bacteria, bacterial and
host autolytic products from the root canal. Endodontic treatment or removal of the tooth would normally
allow healing, regardless of implant placement, unless
rare extraradicular infection were present or an implant
biofilm developed.

Fig. 4. Histological view of case 2: H&E (above) and PanCK (below) of case
2 cystic lesion lined by non-keratinized epithelium with a more prominent
inflammatory infiltrate and hyperplastic arcading non-keratinized
epithelium. Original magnification ×40
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Under normal conditions, rests of Malassez cells remain
inconspicuous as a meshwork around the root, especially
in the apical area13 where they may play a role in preventing ankylosis. During tooth extraction, the periodontal
ligament is disrupted but rests of Malassez cells persist14
and may be found in edentulous alveolar bone many years
after tooth removal.
Persistent inflammation around the apex of a tooth in
a periapical granuloma may lead in up to 10% of untreated
cases to the formation of a radicular cyst16. Inflammation
stimulates proliferation of the rests of Malassez and the
epithelium forms the lining of the radicular cyst.16,17
Peri-implant lesions, as noted earlier, tend to affect
long implants in dense bone, so that any persisting inflammatory lesion is likely to be in the region where
rests of Malassez would persist, because rests are more
frequent around the apical third of the root. It is also
possible that the additional surgical trauma and force
required to place long implants may itself contribute
to the formation of peri-implant lesions. It would also
seem likely that the risk of developing an inflammatory
cyst on an implant would be lower than on a tooth because the close anatomic relationship of the epithelial
rests to the apex has been lost. Persistence of rests of
Malassez in a peri-implant lesion has been shown in
the literature11 though the authors of that paper did not
comment specifically on the cluster of epithelial cells
shown in their published figure.
An alternative source of epithelium that might form
a cyst lining on an implant includes surgically implanted cells. However, displaced mucosal cells normally lose
their proliferation capacity in a new environment18 and
undergo apoptosis when separated from their connective
tissue. An alternative source might be a sinus lining, with
in-growth of epithelium from the surface.19 However, in
the current cases, no sinus was present on either implant.
The histological appearances of the cysts in these patients is completely compatible with radicular cyst. There
was variable inflammation, an occasional cholesterol
cleft, a mixed chronic inflammatory infiltrate and a lining of non-keratinizing epithelium. These features are
not in themselves diagnostic and the key diagnostic feature of radicular cyst is its site on the apex of a non-vital
tooth. Vitality is not a useful criterion for an implant,20
but the location at the level of the apices of preexisting
teeth would be sufficiently specific to make the diagnosis
of peri-implant cyst. Such cysts should be removed and
subjected to histological examination, although they appear excessively rare.
In conclusion, peri-implant lesions are well recognized
and there is no biological reason why an odontogenic
cyst should not arise in them. It is proposed that an inflammatory odontogenic cyst associated with an implant
does develop on rare occasions, but that the risk must
be very low. Peri-implant cyst is proposed as a name for
this entity.
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Treatment of periodontal defect caused by iatrogenic damage: Case report
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Abstract
Endo-perio lesion is the association of periodontal and pulpal disease contained in the same dental site. In
this case, periodontal plastic surgery was performed for the treatment of a periodontal defect that occurred
as a result of iatrogenic perforation during endodontic treatment.
A 45-year-old female patient was referred because of a non-aesthetic condition and gingival pain in the
maxillary anterior area. It was diagnosed as an endo-perio lesion of primary endodontic with secondary
periodontal involvement. Initial treatment including the removal of etiological factors, scaling and root
planning, and oral hygiene instruction was carried out. After phase I therapy, for treatment of the remaining
gingival recession, a laterally positioned flap (LPF) design, which has an excellent post-operative healing
process, was combined with platelet-rich fibrin (PRF) obtained from autologous blood. The usage of a LPF
design combined with PRF for the treatment of the endo-perio lesion as a result of iatrogenic damage
showed satisfactory results such as root coverage, an aesthetic condition with an adequate band of
keratinized tissue, and reduced postoperative discomfort.
Key words: gingival recession, periodontal surgery, blood platelets, fibrin
Słowa kluczowe: recesja dziąsła, chirurgia periodontologiczna, płytki krwi, fibryna
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Endo-perio lesion is a condition characterized by the
association of periodontal and pulpal disease in the same
dental element. As well as etiological factors such as bacteria, fungus, and viruses, several auxiliary factors such
as trauma, root resorption, perforations and dental malformations have an important role in the development
and progress of endo-perio lesion.1 Root perforations are
significant complications of endodontic treatment.2 Also,
when carelessly used, there are some endodontic materials that may damage periodontal soft and hard tissues, e.g.
sodium hypochlorite. In addition, it has been reported
that it hard and soft tissues? may be treated when hard
and soft tissues are iatrogenically damaged by use of intra-canal medicaments.3
The objective of periodontal plastic surgery is to achieve
predictable and aesthetic root coverage. Persistence of the
soft tissue is a primary line of defense for saving the tissue from bacterial infection.4 Thus, in this report, laterally
positioned flap (LPF) in combination with platelet-rich fibrin (PRF) was used in the treatment of gingival recession
(GR) and alveolar bone necrosis occurring as a result of
iatrogenic damage.

Case Report
Examination
A 45-year-old female patient was referred to the Department of Periodontology, Faculty of Dentistry, University of Necmettin Erbakan, because of a non-aesthetic
condition and gingival pain in the maxillary anterior area.
After medical history was obtained from the patient, it was
found that she was systemically healthy and had received
root canal treatment of the right central upper incisor
about three days prior in another clinic. Discoloration of
the tooth and soft and hard tissue necrosis on the buccal
site was observed following intraoral examination (Fig. 1).
Additionally, a broken piece of root canal file was observed
in radiographic evaluation of the relevant tooth (Fig. 2A).

Diagnosis
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Fig. 2. A) periapical radiograph of maxillary right incisor tooth; B) broken
endodontic root canal file

devitalized and asymptomatic in a percussion test, no
pathological condition was observed around the tooth
apical and the lamina dura was regular. It was concluded
that, most probably, in the previous clinic, the root canal
wasn’t found during tooth canal treatment, a root canal
device perforated the buccal part of the tooth, endodontic
irrigants flooded tissues through the perforation and, as
a result, this lead to tissue necrosis. Initial clinical measurements (probing depth, recession depth and keratinized tissue width) were recorded and, primarily, phase I
periodontal treatment planned.

Pre-surgical procedure
The initial treatment was applied to remove the broken
endodontic canal file (Fig. 2B) by entering the site where
the buccal defect had occurred and necrotic tissue pieces
were removed from the site. The temporary cement used
in the previous clinic was removed and the internal sides
of the cavity were washed with chlorhexidine and saline
solution and then dried and re-covered with temporary
cement. Subsequently, scaling and root planning was performed. The patient was given oral hygiene training and
an appointment ten days later to monitor the clinical condition. Afterwards, surgical planning was scheduled to
treat the remaining GR and restore the defect in the root
(Fig. 3).

Following consultation with specialist endodontist,
endo-perio lesion in which a primary endodontic factor
plays a role was diagnosed. It was seen that the tooth was

Fig. 1. A) clinical view of lesion, B) lateral view of lesion

Fig. 3. Clinical view after phase I periodontal treatment
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Surgical procedure
Local anesthesia was administered following extra oral
and intraoral antiseptic. A horizontal incision from the
distal of the maxillary right lateral incisor tooth to the
GR site was applied for LPF design. Afterwards, the incision was bound to vertical incisions performed on the
distal of the lateral incisor tooth and the mesial of the GR
site and a full-thickness flap was elevated. The soft tissue on the mesial of the GR site was de-epithelized. The
marginal gingiva of the lateral incisor tooth was left in
the original location (Fig. 4A). Following full-thickness
flap elevation (Fig. 4B), bleeding was controlled and the
endodontist specialist restored the root perforation with
ProRoot® MTA (Dentsply, Maillefer, Switzerland) and the
coronal part of the cavity with composite resin (3M ESPE,
Dentsply Maillefer, Switzerland).
To prepare PRF, the blood of the patient was put into
9 mL glass-coated plastic tubes without anti-clotting agent
(Becton Dickinson Vacutainer, Franklin Lakes, NJ, USA)
and centrifuged immediately. The blood was centrifuged
using a table centrifuge (PC 02, Process Ltd., Nice, France)
for 12 min at 2700 rpm. PRF membrane was obtained by
compressing using a PRF box (Process Ltd., Nice, France)
(Fig. 5) and adapted into the defect area (Fig. 4C). The flap
was stabilized with 4-0 Daylon® (Doğsan, Turkey) nonabsorbable sutures to cover the defect area (Fig. 4D).

Post-surgical procedure
The patient was given information about post-operative care and analgesic (flurbiprofen 100 mg, twice a day,
if needed) and antiseptic oral rinse (0.12% chlorhexidine
gluconate, twice a day) was prescribed. The patient was
observed in the 1st and 2nd weeks following the operation to monitor post-operative healing. In the follow-up
appointments, no complication was observed and good
healing was recorded. The sutures were removed 2 weeks
after surgery. After periodontal treatment was completed,
Opalescence Endo whitening agent (Ultradent products,
Inc., USA) was put into the coronal cavity and held for

Fig. 4. A) preparing of flap; B) view of defect site; C) adaptation of PRF as
a membrane; D) suture placement

Fig. 5. PRF membrane

a week to remove the pre-existing coloration of the tooth.
In order to manage sufficient whitening, a second whitening session was applied and the whitening agent was
repeated. At the end of two weeks, sufficient whitening
was achieved and the coronal cavity was restored with
composite resins. An aesthetically satisfying result with
a clinical asymptomatic situation and root coverage and
sufficient band formation of keratinized tissue was observed 18 months after surgery (Fig. 6A–C). In addition,
no symptoms in a percussion test applied to the tooth or
any pathologic conditions in periapical radiography were
observed (Fig. 6D). The initial and follow-up clinical measurements are presented in Table 1.

Fig. 6. A) clinical view of treatment site after 18 months; B) lateral view of
treatment site after 18 months; C) post-operatif periapical radiograph of
right central upper incisor
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Table 1. Initial and follow-up clinical measurements
Clinical parametrs

Clinical measurements
initial (mm)

follow-up (mm)

3

2

RD

4

0

KTW

0

4

PD

PD – probing depth; RD – recession depth; KTW – keratinized tissue width.

Discussion
Endo-perio lesions occur when periodontal destruction merges in apical and becomes a periapical lesion or
an endodontic lesion merges and becomes a periodontal
lesion.1 Various methods such as free gingival graft, LPF,
coronally positioned flap and membrane, sub-epithelial
connective tissue graft (SCTG), acellular dermal matrix
and guided tissue regeneration (GTR) with PRF are used
in GR defects.5–7 SCTG, with its further predictability, is
accepted as the gold standard.8 On the other hand, a second surgical site is required in SCTG, which may have
a negative effect on patient comfort.9
PRF, providing several advantages including supporting
wound healing, bone growth, maturation, graft stabilization, wound closure and homeostasis, is utilized to provide high concentrated growth factors to the bone defect
areas.10 Aleksic et al.11,12 concluded that the use of PRF and
SCTG are equally effective in GR treatment. Furthermore,
the authors stated that the use of PRF resulted in reduced
post-operative discomfort and improved tissue healing.
Following diagnosis, the health and function of the
tooth that has lost attachment after endo-perio lesion can
be restored by using GTR in combination with removing
the etiologic factors and grafting.13 In this report, due to
the fact that there was insufficient keratinized tissue, LPF
design, which has no additional surgical area and provides
an excellent post-operative healing process, 14 and PRF
were planned for GR treatment.
In conclusion, a prognosis of endo-perio lesion as a result
of iatrogenic damage can be healed and the usage of LPF
in combination with PRF produced positive results such
as root coverage and an aesthetically satisfying result with
sufficient band formation of keratinized tissue and a tolerable level of post-operative discomfort for the patient.
References
1. Singh P. Endo-perio dilemma: a brief review. Dent Res J. 2011;8:39–47.
2. Menezes R, da Silva Neto UX, Carneiro E, Letra A, Bramante CM, Bernadinelli N. MTA repair of a supracrestal perforation: A case report.
J Endod. 2005;31:212–214.
3. Reddy KKM, Shankar BS, Reddy KA, Reddy SN, Subhakar J, Reddy
PSK. Localized interdental bone necrosis: A case report. J Int Oral
Health, 2014;6:73–75.
4. Agarwal K, Chandra C, Agarwal K, Kumar N. Lateral sliding bridge flap technique along with platelet rich fibrin and guided tissue regeneration for root coverage. J Indian Soc Periodontol.
2013;17:801–805.

5. Chambrone L, Faggion CM Jr, Pannuti CM, Chambrone LA. Evidence-based periodontal plastic surgery: An assessment of quality
of systematic reviews in the treatment of recession-type defects.
J Clin Periodontol. 2010;37:1110–1118.
6. Hofmanner P, Alessandri R, Laugisch O, et al. Predictability of surgical techniques used for coverage of multiple adjacent gingival
recessions – a systematic review. Quintessence Int. 2012;43:545–554.
7. Cortellini P, Pini Prato G. Coronally advanced flap and combination
therapy for root coverage. Clinical strategies based on scientific evidence and clinical experience. Periodontol 2000. 2012;59:158–184.
8. Paolantonio M, Dolci M, Esposito P, et al. Subpedicle acellular dermal matrix graft and autogenous connective tissue graft in the treatment of gingival recessions: a comparative 1-year clinical study.
J Periodontol. 2002;73:1299–1307.
9. Zucchelli G, Mele M, Stefanini M, et al. Patient morbidity and root
coverage outcome after subepithelial connective tissue and deepithelialized grafts: A comparative randomized-controlled clinical
trial. J Clin Periodontol. 2010;37:728–738.
10. Corso MD, Toffler M, Ehrenfest DM. Use of an autologous leukocyte
and platelet-rich fibrin (L-PRF) membrane in post-avulsion sites: An
overview of Choukroun’s PRF. J Implant Adv Clin Dent. 2010;9:27–35.
11. Aleksić Z, Janković S, Dimitrijević B, Pucar A, Lazić V, Leković V. Clinical impact of platelet rich plasma in treatment of gingival recessions. Srp Arh Celok Lek. 2008;136:95–103.
12. Aleksić Z, Janković S, Dimitrijević B, Divnić-Resnik T, Milinković I,
Leković V. The use of platelet-rich fibrin membrane in gingival
recession treatment. Srp Arh Celok Lek. 2010;138:11–18.
13. Aksel H, Serper A. A case series associated with different kinds of
endo-perio lesions. J Clin Exp Dent. 2014;6:91–95.
14. Zucchelli G, Mounssif I. Periodontal plastic surgery. Periodontol
2000. 2015;68:333–368.

Dental
and Medical Problems

